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Blood culture bottles are seen as the ‘Gold Standard’ of the diagnosis of
bloodstream infections. However, it has been noted that bottles that have
been designated as negative after incubation may share some of the
characteristics of positive bottles, for example comparable sensor colours.
This study set out to verify that bottles indicated as negative by the
BacT/ALERT 3D (bioMérieux) analyser do not contain microorganisms.
Additionally, the sensor colour was investigated as a means to aid the
interpretation by the users of this system.

This study was achieved by sub-culturing negative bottles that had been
incubated for 5 days on the BacT/ALERT 3D analyser onto a range of agar
types in various atmospheric conditions for different lengths of time in order
to ensure conditions that are favourable for a wide range of organisms that
may have been present in the bottle, but that had not triggered the analyser
algorithm. A small number of samples were also subjected to molecular-
based testing in order to account for factors that may have restricted
organisms present from growing on sub-culture, such as inactivation by
antibiotics given to the patient prior to inoculation of the bottles.

The results of this study showed that the BacT/ALERT 3D system in use at
Nobles Hospital on the Isle of Man can be seen as highly reliable with
regards to the reporting of negative blood cultures. Furthermore, it was also
shown that the bottle sensors are not a dependable indicator as to the
requirement to sub-culture negative bottles due to the fact that other
factors, such as blood volume in the bottles, may contribute to the observed
sensor colour variations.
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Introduction

The Medical Microbiology department at Nobles Hospital on the Isle of Man
uses the BacT/ALERT 3D™ (bioMérieux) system for the analysis of blood
cultures. This system employs a sensor in the bottom of culture bottles
which changes colour in the presence of carbon dioxide produced by the
microbial metabolism of substrates in the culture medium. This change is
detected by the analyser, and the bottle flagged as positive depending on
certain parameters programmed into the analyser algorithm. It has,
however, been anecdotally noted by Biomedical Scientists involved in the
routine use of this system that negative blood culture bottles are removed
from the analyser with varying degrees of sensor colour intensity; some
negative bottles having an intensity of colour comparable to that of positive
bottles.

In light of this, the primary objective of this study is to determine the
significance of blood culture bottle sensor colour change in negative bottles,
as visually inspected by a Biomedical Scientist. The hypothesis being tested
in this research is that some negative bottles showing a large sensor colour
intensity change are not genuinely negative, as the analyser algorithm may
miss slower-growing organisms. To this end, bottles that have been reported
as negative for growth after 5 days incubation in the analyser are to be sub-
cultured onto a range of agar types and incubated in a variety of
environmental conditions for various time periods. A secondary objective of
this study is to investigate the necessity of further study into the algorithms
used to determine positivity of blood culture bottles in this system should
the primary objective reveal shortcomings in the current laboratory protocols

regarding negative bottles.

This research is important as the results may be used to determine a review
of policy in the Medical Microbiology department at Nobles Hospital on the
Isle of Man. If it is shown that a statistically significant humber of isolates

are missed through not taking into account a manual examination of the



blood culture bottle sensor in negative bottles, then it may be advantageous
to incorporate this process into the routine blood culture work in order to

provide better support to service users and patients.

There is, however, an ethical risk in this study as there may be a revelation
of the presence of organisms in the blood of patients that had already been
reported as negative. In cases such as this the Laboratory Number of the
patient involved shall be reported to the Consultant Microbiologist, who may
use this to access the demographics of the patient, thereby enabling an
amended report to be sent out detailing the organism grown. This is
especially problematic, however, if the organism isolated is a probable skin
flora contaminant, for example coagulase-negative Staphylococcus species,
Micrococcus species. A decision is therefore required to be made by the
Consultant Microbiologist along with requesting consultant as to whether
these organisms should be reported, as based on the patient's clinical details
and case history. As far as this study is concerned, however, only

anonymous Laboratory Numbers are to be recorded and reported.



Literature review

Sepsis

Sepsis is a syndrome in which signs of inflammation may be detected in
tissues remote from a site of infection due to the products of bacterial
proliferation and/or the inflammatory response, potentially leading to
distributive shock and organ failure (Tierney, McPhee and Papadakis, 2008;
MacFie, 2013; Public Health England, 2014a). The respiratory and
cardiovascular systems are most commonly affected in sepsis, with possible
renal and neuronal complications (Angus and van der Poll, 2013). Singer et
al (2016) point to the early activation of both pro- and anti-inflammatory
responses of the immune system in addition to major modifications of other
pathways, for example hormonal, metabolic and coagulation pathways, as
the causation of organ dysfunction and homeostasis dysregulation.
Endogenous factors include bacterial toxins, for example the Gram-negative
structural Lipopolysaccharide (LPS) endotoxin, or secreted exotoxins such as
Type I exotoxins, for example Toxic Shock Syndrome Toxin-1 (TSST-1),
Type II exotoxins, for example haemolysins, and Type III exotoxins, for
example Shiga toxin (Ramachandran, 2014). These structural molecules and
toxins are able to elicit an immune response whereby a massive proliferation
of pro-inflammatory cytokines such as TNF-a, INF-y and IL-2 are released
into the surrounding tissues and bloodstream leading to cellular apoptosis
and associated tissue damage (Ramachandran, 2014). However, the cellular
components of this inflammation can vary depending on the type of
organism involved; Gram-negative sepsis associated with an increased
proportion of monocytic myeloid-derived suppressor cells in relation to
CD14" mononuclear cells, and Gram-positive sepsis associated with an
increased proportion of CD14°" Low Density Granulocytes (Janols et i,
2014). This is most likely due to the different Toll-like receptor (TLR) ligands
that recognise Gram-negative and Gram-positive antigens; TLR-2 and TLR-4
respectively (Janols et al, 2014). Conversely, the immune response can

become negatively affected during sepsis, due to a possible decreased



responsiveness of blood leucocytes and enhanced apoptosis of B-cells, CD4*
T-cells and follicular dendritic cells (Angus and van der Poll, 2013), with
Gram-negative sepsis in particular demonstrating massive intravascular
erythrophagocytosis as well as haemolysis (Haak et a/, 2016). Furthermore,
Huson, Grobusch and van der Poll (2015) have pointed out that patients
with pre-existing immunosuppressive disorders such as HIV infection show
evidence of up-regulation of TLRs on immunological cells, thereby
contributing to a more aberrant inflammatory response, and therefore more

disturbed homeostasis, in such patients.

Sepsis has been reported variously as having a mortality rate between 30%
and 87% (Tierney, McPhee and Papadakis, 2008; Public Health England,
2014a), and has been labelled as the primary cause of death from infection
(Singer et al, 2016). It has been estimated that sepsis occurs in
approximately 2% of all hospitalisations in developed countries, increasing to
up to 30% in intensive care patients (Martin, 2012), with the UK Health
Protection Agency submitting that approximately 20% of sepsis cases are
associated with bloodstream infection (Public Health England, 2014a).
Indeed, 99,191 patient episodes of bacteraemia were reported in England,
Wales and Northern Ireland in 2014, of which 91,186 were monomicrobial
infections (Public Health England, 2015). However, it is important to note
that these numbers are obtained by voluntary surveillance, and do not
distinguish between true pathogens and blood culture contamination.
Despite all efforts, totally eliminating all skin flora and environmental
organisms from the potentially heavily colonised skin surface is not possible,
thereby conceivably inoculating such organisms during phlebotomy (Hossain
et al, 2016). Regardless, Angus and van der Poll (2013) and Opota et a/
(2015) are in agreement that Gram-negative organisms are predominantly
isolated from the blood, with 62% of isolates belonging to this morphotype.
Of these, Escherichia coli and Klebsiella species are the predominant Gram-
negative organisms isolated (Angus and van der Poll, 2013). These studies

are, however, in disagreement as to the prevalence of the isolation of Gram-



positive organisms, with Angus and van der Poll (2013) suggesting a 47%
Gram-positive isolation rate, and Opota et a/ (2015) submitting a lower
isolation rate of 36%. Of Gram-positive organisms isolated from blood,
Staphylococcus aureus and Streptococcus pneumoniae are the most

commonly isolated (Angus and van der Poll, 2013).

It is currently accepted that the time window for admission of appropriate
therapy is less than six hours once septic shock, the sequelae of sepsis, is
recognised, with every hour of delay increasing mortality by 7.6% (Jordana-
Lluch et al, 2014). It is therefore clear that sepsis is a major concern for
patients, with source identification and treatment options required as soon
as possible. Indeed, Stoneking et a/ (2013) surmise that therapy would
remain the same in only 23% patients, had the causative organism been

known to emergency physicians.

Blood culture analysis

The "Gold Standard" for the detection of microorganisms in the blood is
through the use of a blood culture system (Mancini et a/, 2010; Public Health
England, 2014a). The first blood culture systems were manual, a highly
labour intensive process of daily examinations for macroscopic evidence of
microbial growth such as haemolysis, turbidity, gas production or colony
formation over the course of seven days coupled with a terminal sub-culture
(Weinstein, 1996). Current systems are automated, therefore requiring much
less time manipulating bottles. Many of these systems are based on creating
optimal conditions for microbial growth in aerobic and anaerobic
environments, with the detection of microbial metabolic products and gases
the cornerstone of the methodology (Smith et a/, 2008). Presently, there are
three main analysers on the market for the analysis of blood cultures; BD
BACTEC (BD Diagnostics) utilising a fluorescent sensor to detect CO,
production, BacT/ALERT 3D (bioMérieux) utilising a colorimetric sensor to
detect CO, production, and Versa TREK (TREK Diagnostic Systems) utilising
the monitoring of redox variations (Opota et a/, 2015). All of these systems

show comparable performance for the isolation of various microbes from



blood samples, although there are individual differences. For example,
Horvath et a/ (2004) reported suboptimal Candida species isolation in both
the BacT/ALERT and BACTEC systems; 70% and 10% respectively. This was
improved in both systems by the use of specialised mycology media bottles,
although these were reported as being three times more expensive than
standard bottles, therefore cost-effectiveness dictates the use only where
there is high clinical suspicion of candidaemia (Horvath et a/, 2004). The
Medical Microbiology department at Nobles Hospital on the Isle of Man uses
the BacT/ALERT 3D (bioMérieux) system for the analysis of blood cultures.
This system employs a sensor in the bottom of a variety of different blood
culture bottle types which changes from dark to a yellow colour in the
presence of CO, produced by the bacterial metabolism of substrates in the
culture medium (Thorpe et al, 1990; bioMérieux, Inc., 2010). Specifically,
the sensor bonded to the bottom of each bottle is separated from the broth
by a semi-permeable membrane which allows CO, to diffuse across and into
a water layer, whereby the resulting drop in pH causes a colour change in
the bottle sensor (Thorpe et a/, 1990; bioMérieux, Inc., 2010). This sensor
colour, measured as Relative Fluorescent Units (RFUs), is monitored by the
BacT/ALERT 3D analyser at 10 minute intervals and signalled as positive
based upon the rate of colour change (increase in RFUs) and therefore CO,
concentration established by a growth curve algorithm for each bottle type
(Thorpe et al, 1990; bioMérieux, Inc., 2010). The instrument analyses the
growth curve for each bottle either for an increasing rate of change, or a
sustained increase in CO, concentration (Wilson et a/ 1992). Figure 1
depicts the growth curve of a typical example of a bottle that showed no
growth after incubation in the BacT/ALERT 3D analyser after 5 days
alongside those of two different organisms isolated from positive blood

culture bottles.
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Figure 1. Growth curves of a typical negative bottle (a), Escherichia coli growth (b)
and Staphylococcus aureus growth (c). Note, (b) and (c) curves are shortened due
to the positive bottle being removed from the analyser, with the vertical line
crossing the curve at the point that the bottle was flagged as positive.



Limitations of the Blood Culture method

Detection of bacteraemia by the blood culture method, however, has a
number of potential limitations. Whilst Tattevin et a/ (2015) claim that
98.7% of clinically significant organisms are detected within the standard
time limit of 5 days using the blood culture method, it has also been
suggested that 20-55% bloodstream infections are not identified by routine
blood culture methods (Stoneking et a/, 2013). Murray and Masur (2012)
assert that the value of blood cultures are sub-optimal, with only around
30% of patients with sepsis and/or septic shock deriving from bacterial
pneumonia and intra-abdominal infections having positive blood cultures.
Loffler et a/ (2013) give a higher figure, arguing that blood cultures are
negative in over 50% of cases where true bacterial- or yeast-derived sepsis
is believed to exist based upon other measurements and clinical
presentation. Indeed, soon after the advent and refining of this technology,
Weinstein (1996) warned that no one media or system is capable of
detecting all microbes. In the ensuing years since this assertation, a number
of species have been identified as failing to reach the threshold algorithm of
a blood culture analyser, due to slow growing thereby giving only weak
signals, or being present in blood culture media without showing visible
signs of growth. Examples of species fitting this criteria include Neisseria
spp., Brucella spp., Francisella spp., Haemophilus influenzae, Legionella
spp., Pseudomonas aeruginosa, and Candida spp. (Murray and Masur, 2012;
Public Health England, 2014a). The ways of addressing the problems posed
by more fastidious or slower growing species used by diagnostic
microbiology laboratories is to lengthen the amount of time that a blood
culture bottle is incubated inside the analyser, or to perform a terminal sub-
culture of the blood culture bottle subsequent to removal from the analyser
after the standard incubation is complete. This would in itself, however, be
undesirable due to a longer total detection time leading to a later antibiotic
switch if so required (Rénnberg et al, 2013; Jordana-Lluch, et a/, 2014), and
is therefore to the detriment of the patient. In support of this, Public Health

England (2014a) state that terminal subcultures are not routinely



recommended if automated systems are used and manufacturer instructions
are followed, whilst the current standard recommended by the College of
American Pathologists is that the 5 day incubation period need not be
exceeded, even for more fastidious organisms such as the HACEK group of
organisms (Haemophilus, Aggregatibacter, Cardiobacterium, Eikenella,
Kingella), and Brucella spp. (Potula, Dadhania and Truant, 2015). Regarding
Brucella spp., Solomon and Jackson (1992) proposed that the CO, pattern
was recognised by the blood culture algorithm in 2-8 days with a standard
aerobic bottle. However, in the early period of this technology, Weinstein
(1996) suggested that greater than seven days may be useful when
fungaemia or bacteraemia due to fastidious organisms such as HAECK
group, Legionella spp. or Brucella spp. are suspected. This has been more
recently confirmed by Public Health England contradicting the above
guidance by suggesting the necessity of terminal sub-culture if clinical
presentation or history is indicative of these organisms (Public Health
England, 2014a). Although fastidious and anaerobic organisms are rarely
implicated in clinical practice, the consequences of such organisms for the
patient are very serious when they are isolated (Kirn and Weinstein, 2013;
Almuhayawi et a/, 2015). It is therefore imperative to get the diagnosis
correct. Cohen et a/ (2015) are in favour of extra time spent on blood
cultures if fastidious organisms are suspected, stating that sensitivity for
blood culture continues to be suboptimal for fastidious organisms, and is
significantly reduced in patients on antibiotic therapy at time of blood draw.
A study by Potula, Dadhania and Truant (2015) found that although 95% of
causative organisms were detected within 3 days, greater than 10% of
yeasts were isolated after day 3 of incubation in the blood culture analyser
(compared to less than 5% bacteria) thereby possibly warranting further
incubation or work done on these blood cultures if yeasts are suspected.
Kirn and Weinstein (2013) confirm this by revealing that moulds and
dimorphic fungi often grow poorly in typical instrumented blood culture
systems, with some of these organisms requiring highly specialised medium

supplements, for example lipid supplementation for Malassezia furfur.



Additionally, Klaerner et al/, (2000) found 27.3% of Candida species to be
undetected by blood culture systems, along with 40.5% non-fermenter
Gram-negative species, of which 46.9% of these were Pseudomonas
aeruginosa. The same study submitted that Pseudomonas aeruginosa and
Acinetobacter baumanii may grow only weakly in blood culture systems, and
reach steady state concentration whereby CO, acceleration occurs at a

relatively low basis, thereby not triggering the analyser algorithm.

Further factors affecting isolation of causative organisms in blood cultures
include method of collection, number/timing of samples, previous antibiotic
therapy and neutralisation of antimicrobial agents, volume of blood, media
used, and incubation time and temperature (Public Health England, 2014a).
This has led to the proposal that as many as four sets of culture bottles may
be required to achieve a detection rate of greater than 99%, especially if
infection by above mentioned species such as Pseudomonas aeruginosa or
Candida albicans is suspected (Lee et al, 2007; Stoneking et a/, 2013).
These limitations are confounded by the fact that the number of microbes
present in patient blood is usually less than 10 colony forming units per
millilitre (cfu/ml) of blood, and sometimes less than 1 cfu/ml (Lin et a/,
2013).

Study objectives and hypotheses

The primary objective of this study is to determine the significance of blood
culture bottle sensor colour change in negative bottles. The hypothesis being
tested is that some bottles may contain organisms that have not been
sufficiently metabolically active to trigger the analyser algorithm for a variety
of potential reasons, but have affected the bottle sensor to such an extent
that an experienced Biomedical Scientist may use this colour change to aid
in interpreting and reporting a result to the requesting clinician. If this
hypothesis is proved to be correct, further study into the algorithms used to
determine positivity of blood culture bottles in this system may be
necessary. It can be seen that this is the first study of this kind, outside of

the manufacturer development, production and validation processes. No



other studies can be found by the author that examine sensor colour change
and associated algorithmic mechanisms with regards to false negative
results. Further, no other study has been found that attempts to quantify the
subjective appearance of the blood culture sensor in order to aid in
interpretation when removing and reporting negative bottles, either using
the BacT/ALERT 3D system, or any other blood culture system.



Material & Methods

Selection criteria
Data for this research was collected by taking a random selection of blood
culture bottles that tested negative after incubation in the BacT/ALERT 3D
analyser. Randomisation was achieved on the basis of selecting bottles in an
indiscriminate manner, only accepting bottles on the basis of fulfilling the
following criteria:

¢ A set of both anaerobic and aerobic blood culture bottles. No paediatric

blood culture bottles were used in this study.

Both bottles must be negative

Both bottles must be the newer "PLUS" range containing polymeric
beads (as opposed to older, charcoal containing bottles that may still
be in stock on some wards)

Blood culture bottles are to have been incubated for 5 days only (no
extended incubation bottles to be used)
Blood culture bottles are to have been incubated in the BacT/ALERT 3D

analyser for the full 5 day incubation without interruption, for

example being removed and manipulated due to a false-positive

result

Blood culture bottles from patients younger than 18 years old were
excluded from this study
These strict criteria were designed to limit variability/confounding factors

from influencing the results of the study.

Inoculation

An aliquot (5ml) of the blood/broth mixture was taken aseptically from the
bottles via sterile syringe and needle sets and added to sterile universal
containers, with 30ul of this mixture being added to each agar type for
culturing. This serves as a standard volume in order to account for potential
variability in the data due to quantity of sub-cultured material, and was
determined based upon manufacturer instructions. However, these

instructions were somewhat ambiguous, with examples including "smear and



subculture all positive bottles" (bioMérieux, 2013a; bioMérieux, 2013b) with
no indication of volume for subculture, and "place 1-2 drops of broth onto
surface of plated medium" (bioMérieux, 2006), giving only a general, non-
quantified measure of volume. A small experiment was therefore necessary
in order to decide upon a set volume with which to subculture blood culture
bottles in this study. Deionised H,O was dropped out onto a balance using
the manufacturer recommended bioMérieux subculture unit and a sterile
syringe; the rationale being that 1g of deionised H,O is equal to 1000pl.
Using this method it was found that 60 drops of deionised H,O passing
through the subculture unit achieved the weight of precisely 1g. Dividing
1000l by 60 drops gave the volume as 16.7ul per drop from the official
subculture unit. It was therefore determined that 30ul as an inoculum in this
study would fit the manufacturer instruction of "1-2 drops", being at the
higher end of this volume. Subsequent to inoculation onto each agar type,
the inoculum was streaked across the plate in order to give semi-
quantitative enumeration of any organisms that may have been isolated.
This was achieved by using a sterilised flamed loop for each separate plate
in order to eliminate cross-contamination that may occur from plate
contaminants. Aseptic technique was observed at all times during the

extraction and inoculation process.

Media
Terminal sub-cultures were subsequently performed on a variety of agar
types in a variety of conditions for set periods of time, as follows:

e Blood Agar, incubated in 7% CO, at 37°C for 72 hours - this allows the
growth of most bacterial types, with CO, enrichment being required
for some more fastidious organisms, e.g. Capnocytophaga canimorsus

e Chocolate Agar, incubated in 7% CO, at 37°C for 120 hours - this
allows the growth of fastidious organisms that require growth factors
found within Red Blood Cells, but are unable to lyse these cells. 5 day
incubation has been selected for these plates as slow growing

organisms may take several days to become detectable



e Fastidious Anaerobic Agar, incubated in an anaerobic environment at
37°C for 120 hours - this enables the growth of fastidious anaerobes
when incubated in an anoxic environment

e Blood Agar, incubated in a reduced O, (5%) and an increased CO,
(5%) environment at 42°C for 72 hours - this enables the growth of
microaerophilic organisms that are able to grow at higher
temperatures than that found in the human body, e.g. Campylobacter

species

Bottle sensor colour differentiation
In order to test the significance of colour change intensity of bottle sensors,
and to attempt to put a quantitative figure to an inherently qualitative aspect
of this study, the following scale was utilised:

¢ 1 = no colour change

e 2 = intermediate colour change

e 3 = large colour change (equivalent to that of positive bottles)

Figure 2 shows the colour intensity range of the blood culture bottle sensors.

Figure 2. The‘caour intensity range of BacT/ALERT 3D (bioMérieux) blood culture
bottle sensors, left to right: Positive bottle (score = 3), intermediately coloured
bottle sensor (score = 2), uninoculated bottle (score = 1)

Data collection

All data regarding selected bottles and results was entered into a table

bearing the following headings:



o Date

e Bottle Number - the Laboratory Number assigned to the bottle

¢ Sensor colour intensity rating - Score as based upon the criteria
given above

o Relative Fluorescence Unit value at start of incubation - RFU
value of the bottle sensor when the bottle was loaded, as found on
the BacT/ALERT 3D analyser

e Relative Fluorescence Unit value at end of incubation - RFU
value of the bottle sensor when the bottle was unloaded, again found
on the BacT/ALERT 3D analyser

e Increase in Relative Fluorescence Unit value - the difference in
RFU value upon loading and unloading of the bottle, this was noted in
order to give the subjective sensor colour rating as described above
an objective, measurable value upon collation of the final results

e BA batch no./exp - Batch number and expiry date of Blood Agar,
used to ensure Quality Control audit

e Growth BA CO; (72 hours) - Identity of any isolate(s) grown on
Blood Agar in 7% CO;; "NG" if no growth

e Growth BA pO; (72 hours) - Identity of any isolate(s) grown on
Blood Agar in microaerophilic conditions; "NG" if no growth

e Choc batch no./exp - Batch number and expiry date of Chocolate
Agar, used to ensure Quality Control audit

e Growth Choc (120 hours) - Identity of any isolate(s) grown on
Chocolate Agar; "NG" if no growth

e ANO batch no./exp - Batch number and expiry date of Fastidious
Anaerobic Agar, used to ensure Quality Control audit

e Growth ANO (120 hours) - Identity of any isolate(s) grown on
Fastidious Anaerobic Agar; "NG" if no growth

Two record tables were set up; one for each bottle type. This allows the
different bottles in each set to be compared at the end of the study, as the

aerobic bottle number will correspond to the same anaerobic bottle number.



Additional testing

Supplementary to the main group of blood culture bottles being tested, a
small sample of bottles that may be suspected of containing organisms, for
example due to an unusual appearance or RFU activity, underwent further
molecular testing via the Polymerase Chain Reaction (PCR) based FilmArray
(BioFire Diagnostics) analyser. This tested for the nucleic acids of known
pathogens that may not be viable, for example due to antibiotic activity, or
that may be non-cultivable /in vitro under certain conditions, thereby

bypassing the limitations of culture.



Results

Samples tested and confidence intervals

A population of 225 blood culture sets were analysed in this study, with a
total of 450 blood culture bottles being sub-cultured onto 1,800 agar plates.
Table 1 shows how this sample population relates to the total population of
possible candidate samples for selection on the dates that sampling took
place, and the Confidence Interval measurement this subsequently

establishes.

Table 1. Sample size Vs. Population size, and associated confidence.

Sample size Population size Confidence interval*

225 403 0.043

*Confidence interval calculated using two independent web-based statistical
calculators; Decision Support Systems (2016), National Statistical Service (2016)

This table shows that there is a confidence level of 95.7% that results are
correct, based on parameters such as sample and population sizes, and
estimation of proportional variance (Decision Support Systems, 2016;
National Statistical Service, 2016). This indicates that there is a probability of
less than 5% (P<0.05) that the results obtained in this study could have

arisen by chance, and can therefore be seen as statistically significant.

Data analysis

The information gained from the study of this sample population is
illustrated in Tables 2-4 and Figures 3-6, with all raw data provided in
Appendix 1. These Tables and Figures are subjected to an in-depth analysis
in the Discussion section of this report. In addition, temperature check and
media production record sheets are also available on request to the author
in order to show Quality Control measures have been taken to ensure all

results are valid.



Table 2. RFU values upon entry and removal from the BacT/ALERT 3D analyser, and total
RFU increase for each bottle type.

Bottle type
Aerobic Anaerobic
(n=224) (n=225)
Minimum 2455 1906
Maximum 3404 3487
Start RFU Mean 2825 2811
SD 192 227
Minimum 2656 2062
Maximum 4150 4061
End RFU Mean 3290 3237
SD 290 373
Minimum 72 41
Total RFU Maximum 922 1017
increase Mean 464 425
SD 209 277

The number of aerobic bottles in Table 2 is 224 due to one bottle (sample
number 669007) having a final RFU value of 5732, leading to an RFU value

increase of 2932. It was therefore decided that this outlier sample should be

omitted from the results as it skews the data too much. However, to analyse

the reasons behind the high RFU increase value, this sample was subjected

to molecular testing method, as described later in this section.

Table 3. RFU values upon entry and removal from the BacT/ALERT 3D analyser,
and total RFU increase for each score number for aerobic bottles.

Sensor colour score - Aerobic
1 2 3
Proportion 0.9% 9.4% 89.7%
Min 2511 2455 2478
Max 3247 3260 3404
Start RFU Mean 2879 2772 2830
SD 520 206 188
Min 2659 2656 2678
Max 3379 3458 4150
End RFU Mean 3019 2980 3325
SD 509 219 275
Min 132 72 119
Total RFU Max 148 470 922
increase Mean 140 208 494
SD 11 89 197




Again, the data in Table 3 omits the outlying sample, as described above.

Table 4. RFU values upon entry and removal from the BacT/ALERT 3D analyser,
and total RFU increase for each score number for anaerobic bottles.
Sensor colour score - Anaerobic

1 2 3

Proportion 8.9% 28.0% 63.1%

Min 2232 1906 2363

Max 3155 3149 3487

Start RFU Mean 2663 2734 2866
SD 277 217 205

Min 2308 2062 2631

Max 3658 3650 4061

End RFU Mean 2824 3008 339
SD 351 251 265
Min 42 41 112

Total RFU Max 503 606 1017
increase Mean 161 274 529
SD 114 134 173

Graphical representation of the data in tables 2-4 can be found in Figures 3-

6.
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Figure 3. Proportions of Aerobic bottles scored 1, 2 or 3 in this study
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Figure 4. Proportions of Anaerobic bottles scored 1, 2 or 3 in this study
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Figure 5. A graph showing the mean increase in RFU value for observational scores

for both bottle types.
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Figure 6. A graph showing the mean increase in RFU value for observational scores
for both bottle types in conjunction with the range of respective minimum and

maximum values for that bottle type/score.

Samples showing growth on sub-culture

Of the sample population investigated in this study, 5 sets showed growth

upon sub-culture in one bottle, comprising 1.1% of the bottles under

scrutiny in this investigation. Table 5 presents a summary of the samples

that yielded growth, detailing the organism grown and total RFU increase

therein.

Table 5. Sample bottles showing growth upon sub-culture in this study

Bottle Number Bottle type Organism Total RFU
increase
663598 Aerobic P.acnes 687
665255 Anaerobic P.acnes 482
666942 Anaerobic M.catarrhalis 595
672156 Aerobic P.acnes 611
673980 Aerobic P.acnes 632

Four blood culture sets in this study (663598 - Aerobic; 665255 - Anaerobic;
672156 — Aerobic; 673980 - Aerobic) produced growth of Propionibacterium
acnes on the Anaerobic Agar plate (See Figure 7). These organisms were
identified by way of the Vitek® 2 analyser (bioMérieux) using an ANC ID
card (Appendix 2).



(a)

(d)



Figure 7. Plates of sample numbers 663598 — Aerobic (a) 665255 — Anaerobic (b)
672156 - Aerobic (c) and 673980 - Aerobic (d) showing growth of
Propionibacterium acnes

One anaerobic bottle (666942) produced growth of Moraxella catarrhalis on

the Chocolate Agar plate (See Figure 8).

Figure 8. Plate of sample number 666942 — Anaerobic, showing growth of Moraxella
catarrhalis

This organism was also identified by way of the Vitek® 2 analyser using an
NH ID card (Appendix 2). However, further tests were required as a
confirmation, as the analyser was not able to fully discriminate between this
organism and a further two organisms; Campylobacter coli and
Campylobacter fetus ssp fetus. Confirmation of Moraxella catarrhalis
identification was based upon the morphology of cells on Gram stain (Figure

9) and the use of the Catarrhalis Test Disc (Remel™), a simple test used to



differentiate this organism from other Gram-negative cocci. This test uses
the production of indigo, an insoluble blue pigment, to confirm the presence
of the enzyme butyrate esterase in order to give an indication of Moraxella
catarrhalis (Remel, 2014; Shields, 2014).

Figure 9. Gram stain of Moraxella catarrhalis from sample nhumber 666942

As this organism represents a potentially serious result in terms of patient
health repercussions, it was decided that it was prudent to inoculate it back
into sterile blood culture bottles in order to confirm the growth
characteristics in this system, and therefore give an indication as to the
validity of this organism being legitimately isolated from the blood of the
patient, as opposed to being a plate/environmental contaminant. To this
end, a quantity of cells of this isolate comparable to what would reasonably
be found in a bloodstream infection was inoculated into sterile bottles, and
inserted into the BacT/ALERT 3D analyser. The quantity of cells was
determined by using the premise that a 1.0 McFarland density equates to
approximately 3.0 x 10® cfu/ml (Pro-Lab Diagnostics, 2012). A serial dilution
of this density of the isolate in question was performed by performing a 1:10
dilution of each successive solution to obtain a cell count of approximately
300 (3.0 x 10?) cfu/ml (Figure 10).



Figure 10. Serial dilution of Moraxella catarrhalis from sample number 666942

An aliquot of 167ul of this final solution was inoculated into blood culture
bottles to provide a figure of approximately 50 cfu per bottle, thereby being
consistent with the numbers that may be found in recently inoculated true-
positive bottles, assuming a count of approximately 1-10cfu/ml in the
bloodstream of patients with bacteraemia (Smith et a/, 2008; Cohen et a/,
2015). The aerobic bottle of this set was flagged as positive after 0.67 days
with an increase of 902 RFU, whereas the anaerobic bottle remained
negative even after a prolonged incubation period of 10 days, showing an

increase of 75 RFU only during this incubation.

Additional small-scale studies

In order to ensure full comprehension of the data collected in this
investigation, supplemental small-scale studies were also performed using
both negative and positive blood culture bottles as a basis of comparison.
For the comparison of known sterile blood culture bottles, ten sets of bottles
were entered into the BacT/ALERT 3D analyser without having been

inoculated. The results of this are shown in Tables 6-7.



Table 6. Increase in RFU values for sterile aerobic bottles incubated for 5 days in
the BacT/ALERT 3D analyser.

Sterile Aerobic Bottles

Lot Expiry date | Start RFU Final RFU Total RFU
number increase
3043902 06/05/2016 2632 2761 129
3043902 06/05/2016 2496 2651 155
3043902 06/05/2016 2679 2842 163
3043902 06/05/2016 2719 2845 126
3043902 06/05/2016 2745 2871 126
3043902 06/05/2016 2974 3108 134
3044334 16/06/2016 2466 2651 185
3044334 16/06/2016 2685 2835 150
3044334 16/06/2016 2904 3071 167
3044334 16/06/2016 2645 2870 225

Table 7. Increase in RFU values for sterile anaerobic bottles incubated for 5 days in
the BacT/ALERT 3D analyser.

Sterile Anaerobic Bottles

Lot Expiry date | Start RFU Final RFU Total RFU
number increase
3043519 24/03/2016 2522 2562 40
3043907 08/05/2016 2527 2585 58
3043907 08/05/2016 2473 2523 50
3043907 08/05/2016 2314 2378 64
3043907 08/05/2016 2345 2398 53
3043907 08/05/2016 2463 2518 55
3043907 08/05/2016 2536 2606 70
3043907 08/05/2016 2436 2486 50
3044236 10/06/2016 2493 2549 56
3044236 10/06/2016 2600 2687 87

Based on the above data, a sterile aerobic bottle can expect to see an
increase of 156 RFU on average after incubation for 5 days, whereas a
sterile anaerobic bottle increases by 58 RFU on average. However, it is
important to note that this is a small study, with larger sample numbers
required for this data to be fully valid. Nevertheless, it can be seen that this

data does have a use as a basis of comparison to the obtained results.

Conversely to the above results for sterile bottles, throughout this study the
results of a range of different organisms obtained from true positive bottles
were noted down in order to demonstrate and compare the growth

characteristics of positive bottles, as shown in Tables 8-9.



Table 8. A range of organisms and associated BacT/ALERT 3D parameters obtained
from positive aerobic bottles.

Positive Aerobic bottles

Laboratory | Start | Final Total | Timeto Organism(s)
Number RFU RFU RFU positive isolated
increase | (hours)
660803 3275 4348 1073 22.8 Staphylococcus
epidermidis
661029 2767 3772 1005 19.2 Streptococcus
sanguinis
662015 2786 | 4044 1258 16.8 Mixed Coagulase-
negative
Staphylococci
664638 2680 | 3516 836 25.4 Staphylococcus
capitis
665071 3053 4353 1300 12.0 Escherichia coli
665246 2570 3601 1031 13.9 Enterobacter
cloacae
665356 2771 3280 509 122.9 Actinomyces
odontolyticus
670588 2685 | 3708 1023 13.4 Unidentified Alpha-
haemolytic
Streptococcus
674310 2849 3383 534 154 Streptococcus
gordonii
675035 2717 3699 982 11.8 Streptococcus
pneumonia
675288 2609 3690 1081 20.4 Staphylococcus

aureus (MRSA)




Table 9. A range of organisms and associated BacT/ALERT 3D parameters obtained
from positive anaerobic bottles.

Positive Anaerobic bottles

Laboratory | Start | Final Total | Timeto Organism(s)
Number RFU RFU RFU positive isolated
increase | (hours)

660562 3037 | 5087 2050 16.8 Clostridium
perfringens

660803 2844 | 3609 765 30.2 Staphylococcus
epidermidis

661029 2546 | 3680 1134 14.4 Streptococcus
sanguinis

662099 2826 | 3004 178 27.4 Staphylococcus
hominis

662015 2976 | 4528 1552 16.8 Mixed Coagulase-
negative

Staphylococci

665071 3066 | 4822 1756 11.8 Escherichia coli
665413 2685 | 3797 1112 22.1 Streptococcus
pyogenes

665756 2637 | 3716 1079 12.0 Streptococcus
equisimilis

667460 2958 | 3248 290 85.7 Staphylococcus
urealyticum

669519 2839 | 4044 1205 118.3 Propionibacterium
acnes

670359 2771 | 3534 763 17.8 Serratia marcescens
& Citrobacter
freundlii

669737 2722 | 4005 1283 128.2 Propionbacterium
acnes

674310 2527 | 2813 286 23.0 Streptococcus
gordonii

673986 3056 | 4410 1354 76.6 Unidentified
Anaerobe Gram-

positive Cocci

675206 2829 | 3418 589 79.9 Capnoaerophilic
Streptococcus

676781 2386 | 3099 713 42.0 Actinomyces
naeslundii

676566 2689 | 3404 715 129.4 Propionibacterium
acnes

With regards to the use of molecular diagnostic methodology by the PCR-
based FilmArray analyser, funding issues necessitated only a very limited

number of samples to be subjected to this testing method. Table 10 shows



the results of the four samples tested using the FilmArray analyser, with all

results sheets being available in Appendix 3.

Table 10. Samples tested using the PCR-based FilmArray (BioFire Diagnostics)
blood culture panel.

Sample Bottle Type Reason for PCR Result*
number analysis
662714 Aerobic Blood NEGATIVE
haemolysed in
bottle
665909 Aerobic High starting RFU NEGATIVE
value (3301)
668449 Aerobic Bottle media very NEGATIVE
frothy
669007 Aerobic High RFU NEGATIVE
increase (2932)

*Note, Limit of Detection not established by either literature search of peer-
reviewed papers or official manufacturer guides

As can be seen from the above, all bottles chosen for this analysis were of
the aerobic variety. This was done as the FilmArray Blood Culture panel does
not contain any obligate anaerobic organisms, but does contain organisms
that are strictly aerobic under normal conditions, such as Acinetobacter
baumanii and Pseudomonas aeruginosa. If both bottles shared the trait that
resulted in being chosen for PCR analysis, the aerobic bottle was therefore

chosen due to this rationale.



Discussion

Data analysis

As demonstrated by Tables 3 and 4 and Figures 3 and 4, the sample
population in both of the bottle types were dominated by a score of 3.
Interestingly, there is an increase in the start RFU value as the score
increases from 1 through 3 for the anaerobic bottles, an occurrence that is
absent in the aerobic bottle data. This may not, however, be truly indicative
of the population of samples as a whole. Whilst the randomisation of
samples to be included in this study was attempted, there is a possibility of
selector bias due to the perceived increase in the chance of detecting
organisms in bottles that have higher RFU values, and therefore a higher
associated score. Any further extrapolation of this study should ensure
randomisation is accordingly ensured. Additionally, it may be advantageous
for any study that wishes to continue this work to record bottle scores for
the entire population, which would result in a comparison of the proportions

of study population scores with sample population scores.

With regards to the attempt to apply a quantitative figure to a qualitative
concept in this study by relating the sensor colour score to the RFU value of
the sensor, Figure 5 shows that, on average, there is an increase in RFU
value with each score increment with an upward trend clearly apparent for
each bottle type. However, this does not follow any kind of pattern, for
example a linear or logarithmic relationship. Furthermore, Table 4 and Figure
6 show a great deal of overlap of the RFU ranges, with the maximum RFU
increase value at a score of 1 being much higher than the minimum RFU
increase value at a score of 3, to use the anaerobic bottles as an example
(RFU values at 503 and 112 respectively). It can, however, be argued that
the aerobic bottle data is flawed due to having only a very small sample of
data (n=2) at the score of 1. Nevertheless, it can be demonstrated that,
whilst there is an average trend towards a higher RFU value with each
assigned score increase, on an individual level the correlation is unfounded,

thereby showing a critical deficiency in this part of the study. This is also



confounded by the phenomenon whereby the colour perception of different
people may be quite different, especially in the subjective impression of
similar hues of the same colour (Cropper, Kvansakul and Little, 2013), thus
preventing further application of this to multiple members of staff in the
routine laboratory. Whilst this may be remedied somewhat by a "paint
colours chart" being set up, or some kind of mobile RFU reader, the above
conclusions regarding the scores of individual bottles renders this point

moot.

Volume of inoculum in blood culture bottles

The small sample of sterile bottles that were scrutinised as to the increase in
RFU values over a 5 day incubation period in this study showed an
approximate increase in the mean RFU value three times higher in the
aerobic bottles than the anaerobic bottles (156 and 58 respectively).
However, the mean RFU value increase for each bottle type was roughly
equal after 5 days incubation post-inoculation with patient blood (464 for
aerobic bottles, 425 for anaerobic bottles). This may, however, be due to
several factors, such as the proportion of scores assigned each bottle type
being different, or differences in the volume of inoculum in each bottle type.
It is recommended by the bottle manufacturer that aerobic bottles are
inoculated first, so as to minimise the risk of inoculating air bubbles that may
be present in the tubing into the anaerobic bottle (bioMérieux, Inc., 2013a;
bioMérieux, Inc., 2013b). The order of bottle inoculation may therefore
influence the amount of blood present in each bottle type. To this end, one
impression gained whilst collecting data for this study was that without
noting the volume of blood present in all blood culture bottles concurrently
with the reflectance unit values, the data generated can be seen to be
meaningless, as white blood cells and platelets also capable of respiration
(Smith et a/, 2008), thus blood volume can affect these values. This can be
seen as a methodological error in this study, with any further research
progressing this study ensuring that inoculum volume is included into the

data analysis to account for increasing RFU levels. This is based upon the



premise whereby Thorpe et a/(1990) noted that the addition of sterile blood
generated detectable CO, which slowly rises over time, although this did not
interfere with ability of algorithm to interpret CO, production by microbes.
This is due to bottles necessarily attaining either an increase in rate of
change, or a sustained linear increase in CO, to be classed as positive, of
which the background increase produced by leucocytes usually does not
meet these criteria (Wilson et a/, 1992). Typically, microbes dominate CO,
production due to increased metabolic respiration rates, although in cases of
leukaemia or thrombocytosis, this trend may be present in leukocytes or
platelets respectively (Smith et a/, 2008). It can therefore be seen that blood
volume is an important factor in determining the significance in a rise in RFU
value, a factor not taken into account during the conception of this study.
Any further study of this nature should therefore seek to find a correlation
between blood volume in blood culture bottles and increase in RFU values as
a baseline prior to making any conclusions regarding significance of such
increases, and associated sensor colour change. This also further highlights
the importance of clinical details in determining action taken with samples
upon receipt, as a history of leukaemia and/or thrombocytosis would be a
significant factor in the decision process regarding not only length of time
the blood culture bottles are incubated in the analyser, but also the
importance of sensor colour change if said bottles were to be considered

negative at the end of this period.

Microbial population concentrations in blood culture bottles

Relating to the significance of blood volume in blood culture bottles is the
concept that rate of detection depends on initial concentration of organisms
in addition to incubation conditions, with blood culture bottles typically
requiring a load of 10® - 10° cfu/ml for the algorithm to detect required CO;
levels and/or rate change (Smith et a/ 2008). In most cases bloodstream
infections are intermittent, and circulating microbial loads are low, typically
being 1-10cfu/ml (Smith et a/, 2008; Cohen et aj, 2015). Indeed, Lin et a/
(2013) found that the vyield of blood cultures in adults increase by



approximately 3% per millilitre of blood collected, as well as resulting in
earlier detection. This same study, however, found that recovery rate
decreases at volumes greater than 10ml of blood added to bottles, most
probably due to the inhibitory effect of blood compounds and/or
antimicrobial agents that may be present. Zadroga et a/ (2013) support this
view by stating concern that initiation of therapy prior to blood draw may
artificially sterilise blood cultures. The blood culture bottles used in this
study, however, contain polymeric resin beads that it is claimed has the
ability to effectively sequester antimicrobial agents and inactivate toxic
compounds in blood (bioMérieux, 2013a; bioMérieux 2013b; Kirn et aj,
2014), thereby rendering this argument potentially erroneous. It can be seen
that this counter argument is nullified, however, if certain conditions are
met; for example the addition of too much blood, or taking the sample
downstream of an antibiotic IV line which would exceed the neutralising
capacity of the beads.

Microbes in a patient sample generally start growing in blood culture bottles
prior to incubation in the blood culture system (Rdnnberg et aj, 2013),
therefore if a large amount of CO, production occurs prior to the entry of the
bottle, any further increase may go unnoticed (van der Velden et a/, 2011).
Both delayed entry and pre-incubation has been shown to be responsible for
failures of the computer algorithm to detect certain positive cultures
(Klaerner et al, 2000). Following logarithmic expansion, organisms in the
stationary phase would not register as positive on the analyser (Klaerner, et
al, 2000; Public Health England, 2014a). Public Health England (2014a)
recommends that delayed cultures should be inspected upon receipt for
signs of growth, including vyellowing of the sensor, haemolysis, gas
production and turbidity, as storage of inoculated blood culture bottles at
room temperature doubles or triples the time-to-positive for many
organisms. Conversely, Klaerner et a/ (2000) suggests that pre-incubation at
room temperature may give an enhanced yield of Pseudomonas aeruginosa,

although there is uncertainty in that study as to whether fastidious



organisms would tolerate this. It is therefore preferable to get the inoculated
blood culture bottles to the analyser as quickly as possible, as the potential
increased yield of one organism is outweighed by the detrimental effects this
may have upon other organisms. Some laboratories also routinely pre-
incubate blood cultures at 37°C prior to insertion into the analyser if there is
a delay in order to maintain viability of organisms, a practice that van der
Velden et a/(2011) suggests increases the incidence of false-negative results
compared to storage at room temperature. Regardless of effects on
organisms, the clinical benefits of improvements in speed of diagnostic
methods such as are limited if a blood culture takes a long time to get to the
laboratory (Rénnberg et a/, 2013). In theory, this should not present an
issue for this study, with Nobles Hospital being a relatively small hospital
whereby all wards are only a short walk away from the centralised
laboratory specimen reception area. However, it is clear from the results of
this study that some bottles had a high RFU value prior to being entered into
the analyser; sometimes having a higher value than bottles that had been
removed from the analyser as negative, or even those that had been flagged

as positive.

Isolation of Propionibacterium acnes

In this study, four bottles produced growth of a Propionibacterium acnes
isolate; three originating from an aerobic bottle, and one from an anaerobic
bottle in different sets. The only plate that showed growth in all situations
was the ANO plate, being incubated in an anaerobic atmosphere conducive
to the growth of this anaerobic, though aerotolerant, organism (Barnard et
al, 2015). Whilst these bottles show an RFU rise of slightly above the
average increase compared to their respective bottle types, the RFU increase
of all isolates is well within the ranges shown by Figure 6. Additionally, a
comparison with the true positive bottles in which Propionibacterium acnes
was isolated, as in Table 9, show that the true positive isolates showed a
much greater RFU value increase, with two of the three bottles achieving an

RFU value increase of >1200 within approximately the same time-scale of



120 hours as the study bottles were incubated. This may suggest a low
bacterial load of the original blood sample, indicating a contamination issue
rather than an actual blood infection, of which further evidence is presented.
Although a study by Almuhayawi et a/ (2015) found 6/400 false negative
bottles, 5 of which were Propionibacterium species, the significance of this
organism is in doubt in this situation. In the first instance, this study used
simulated blood cultures, and may therefore not be truly representative of
what occurs in a natural setting. Secondly, Propionibacterium acnes is a
common skin organism which sometimes contaminates blood cultures due to
samples being obtained by penetrating the skin (Brooks et a/, 2013). To this
end, a study by Damgaard et a/ (2015) reported Propionibacterium acnes as
being the one of the main contaminants of blood donor blood, second only
to Coagulase-Negative Staphylococci. This is based on a small study,
however, and therefore requires corroboration from larger scale research.
Further, Murray and Masur (2012) suggest that true pathogens tend to be
detected on a timescale of less than 24-48 hours, with greater than 48-72
hours suggestive of low numbers, and therefore probable contaminants. As
the Propionibacterium acnes isolates in this study were not detected in the
original 5 day incubation period, this can be shown to imply contamination
as opposed to true pathogenesis. However, Achermann et a/ (2014) report
the mean times to detection with Propionibacterium species as 6.4 days in
anaerobic bottles, and 6.1 days in aerobic blood culture bottles. Though
these species grow better in anaerobic bottles, they are able to grow in
aerobic bottles due to the development of an anaerobic microenvironment at
the bottom of non-shaken bottles (Achermann et a/, 2014). This should not
apply to the BacT/ALERT 3D analyser, due to the bottles being continually
agitated during incubation (Thorpe et al, 1990). Although this organism
rarely causes significant bacteraemia, there is nosocomial infection potential,
with infections mostly due to predisposing factors, for example the presence
of a foreign device such as a Central Venous Catheter, or prosthetics (Park
et al, 2011; Ramirez, et al, 2015). It is therefore crucial that the isolates in

this study are considered contaminants based on solid evidence, in order to



both not omit treatment for infection, and to not administer unnecessary
antibiotics for a case of contamination. One way in which to distinguish
between contamination and infection is that more than one sample is often
positive in the case of infection (Achermann et a/, 2014). An important factor
to take into account here, however, is that bacteraemia is often
asymptomatic in immunocompetent individuals, with daily activities such as
chewing and tooth brushing facilitating translocation of bacteria into the
bloodstream (Damgaard et a/ 2015). Conversely, there is an increased
incidence of infection in patients who are immunocompromised caused by
organisms that are non-virulent in the normal host and form part of the
normal flora, thereby usually considered contaminants in immunocompetent
host bloodstream infection (Gale, 2016). Additional tests/incubation time
should only be considered if clinically indicated, for example IV drug use,
prolonged central venous catheter, cancer, or contact with cats (Bartonella
henselae) (Tattevin et a/, 2015). In the case of samples from
immunocompromised patients at Nobles Hospital, blood cultures are
incubated for 10 days (Gale, 2016), thereby excluding such bottles from this
study. It is therefore clear that much of the interpretation of Medical
Microbiology is based upon the clinical details provided by clinicians being
complete and relevant. Without sufficient information regarding a patient's
medical history, a bacterial species such as Propionibacterium acnes may be
incorrectly deemed insignificant. In this study, the four isolates were
deemed contaminants. This was decided upon based upon the above
evidence, and through deliberation with the Consultant Microbiologist at

Nobles Hospital.

Isolation of Moraxella catarrhalis

One anaerobic bottle in this study revealed growth of Moraxella catarrhalis, a
non-motile, non-fermenter, oxidase positive species considered both normal
biota and a potentially significant pathogen of the upper respiratory tract
since the mid-1980s (Ioannidis et a/, 1995; Brooks et al/, 2013). This bottle

showed an overall RFU value increase of 595; a 140% increase on the mean



RFU increase for that bottle type overall, and a 112% increase on the mean
RFU increase for the respective sensor score of 3. There was, however,
some doubt from the author about this isolate being truly representative of
an organism inoculated into the bottle as a part of a bloodstream infection,
with a plate contaminant being more likely. Although there have been
reports of severe bacteraemia, endocarditis and meningitis in
imunocompetent, otherwise healthy patients (Ioannidis et a/, 1995; Brooks
et al, 2013), Bernhard, Spaniol and Aebi (2012) state that invasive infection
of this kind is very rare with less than 80 cases reported during the previous
30 years. Whilst Ioannidis et a/ (1995) suggested that it is unclear as to
whether the isolation of Moraxella catarrhalis can be considered
contamination in any situation, one colony of this organism was detected on
one plate sub-cultured from the anaerobic bottle of the set only. Though
long thought of as a strict aerobe, some strains of Moraxella catarrhalis are
now known to be capable of anaerobic respiration via a nitrate reductase
pathway, though this requires specialist media for anaerobic growth (Plotkin,
Hatakeyama and Ma, 2015). However, Shoji et a/ (2013) reported 50% of
cases of Moraxella catarrhalis isolated from both bottles in blood culture
systems, with 50% of cases from the aerobic bottle only, and none from the
anaerobic bottle only. This may indicate that there is scope in the blood
culture system for the isolation of Moraxella catarrhalis in anaerobic bottles,
although this requires confirmation and validation, due to the small humbers
of samples involved in that study. Upon re-inoculation of this organism into a
sterile set of blood culture bottles, as described in the results section of this
paper, the aerobic bottle was flagged as positive after 0.67 days, whereas
the anaerobic bottle showed no growth after an extended incubation period
of 10 days. Official manufacturer guidelines recommend the addition of
blood such as sterile defibrinated horse blood (10% v/v) to aid in the
recovery of some species where there may be a risk of less than 100.0%
recovery, i.e. Capnocytophaga ochracea, Cardiobacterium hominis and
Haemophilus parainfluenzae (bioMérieux, 2013a; bioMérieux 2013b). The

isolate uncovered in this study, however, grew well when passaged to CLED



media, an agar lacking in any blood addition. It can therefore be seen that
due to the absence of growth of the organism after being reintroduced into
an anaerobic blood culture bottle, correlated with the lack of evidence of
invasive disease of this organism, this isolate indeed represented a plate

contaminant.

Molecular testing

One aspect that was not taken into account in this study was the use of
antimicrobial agents prior to inoculating blood culture bottles. As discussed
above, this could affect the viability of organisms present, thereby giving a
false-negative result. Newly devised technologies are emerging, however,
that may address both this and the requirement for specialised media for
organisms that are hard to culture, such as Legionella species, or those that
are unable to grow on any media types at all, such as spirochetes. Such
emerging technology may also reduce the time required for an organism
identification and/or antimicrobial sensitivity profile to be generated. For
example, whilst current culture based methods can take up to 72 hours or
longer for identification and sensitivity (Southern et a/ 2015), molecular
assays have produced shorter turn-around times with larger number of
positive results deemed clinically significant, especially if the patient has
been on antibiotic therapy (Cohen et a/ 2015). Several techniques are
projected to be in routine use in the near future, such as Polymerase Chain
Reaction (PCR), Mass Spectrometry (MS), and combinations of both, for
example PCR amplicons analysed by MS (Jordana-Lluch et a/, 2014). It has
been claimed that pathogen DNA may be detected by combined PCR/MS in
7.7% of culture-negative samples (Loffler, et a/, 2013), with the PCR-based
FilmArray able to detect antibiotic resistance genes to compounds such as
methicillin, vancomycin and carbapenems (Blaschke et a/, 2012). Indeed, the
FilmArray BCID panel identifies a wide range of bacterial and fungal
pathogens, accounting for 93% orgs isolated from clinical specimens in just
over an hour (Blaschke et a/ 2012). It can therefore be seen that this

emerging technology is set to revolutionise the way in which blood cultures



are processed and interpreted, although there are certain drawbacks to this
technology. Cohen et a/ (2015) assert that technological improvements are
required in order to enhance DNA extraction procedures, decrease
contamination rates and decrease detection thresholds for difficult-to-grow,
slow growing or non-growing microorganisms. Polymicrobial culture is also
cited as the most common reason for detection failure in PCR (Blaschke et
al, 2012), although multiplex diagnostic platforms allowing the identification
of several pathogens in a single specimen may be used to negate this
problem (Cohen et a/ 2015). As well as problems with polymicrobial
cultures, FilmArray PCR limitations include examples of identifying
Salmonella sp. as Klebsiella oxytoca, and Coagulase-Negative
Staphylococcus as Staphylococcus aureus (Southern et al, 2015). Murray
and Masur (2012) express the complexities of PCR and MS, as non-microbial
cells, serum proteins and culture nutrients must be removed before microbial
cells are evaluated, whilst Jordana-Lluch et a/ (2014) describe the use of
whole blood PCR assay as challenging due to excess human DNA and
haemoglobin potentially hampering detection, or inhibiting the reaction.
Further, MS as a discrete methodology without the use of PCR still relies on
culture, therefore a 12-17 hour delay is unavoidable (Jordana-Lluch et &/,
2014). It can therefore be seen that at present, molecular methods are
useful in complementing culture methods, rather than being used as a
replacement for those methods. In this study a small number of samples
were subjected to PCR-based FilmArray analysis (Table 10). All samples
tested using this PCR-based method were chosen due to the physical
properties of the sample being related to a possible bacterial load in the
blood culture bottle, for example frothy blood culture broth or a high RFU
increase indicating copious gas production. Table 11 shows the organisms
detected by the FimArray blood culture panel.



Table 11. Organisms detected by the FilmArray analyser (BioFire Diagnostics, 2016)

Gram negative Gram positive Yeasts
bacteria bacteria

Acinetobacter baumanii | Enterococcus spp. Candida albicans
Enterobacteriaceae Listeria monocytogenes | Candida glabrata
family Staphylococcus genus Candida krusei
-Enterobacter cloacae -S.aureus Candida parasilopsis
-Escherichia coli Streptococcus genus Candida tropicalis
-Klebsiella oxytoca -S.agalactiae
-Klebsiella pneumoniae | -S.pneumoniae
-Proteus spp. -S.pyogenes
-Serratia marcescens
Haemophilus influenzae
Neisseria meningitidis
Pseudomonas
aeruginosa

Further to the drawbacks listed above, Table 11 shows that no organisms
requiring specialised media, for example Legionella spp., or those that are
unable to be cultivated /in vitro, e.g. spirochetes, are detected by this
method. Whilst the use of other panels, for example the respiratory panel,
may be able to detect a limited range of other organisms, there are several
reasons why this is unreasonable as a diagnostic test in this situation. Firstly,
these specific organisms would necessarily be suspected due to clinical
interpretation of the signs, symptoms and other diagnostic test results of the
patient and, of greater importance, other panels are not validated for testing

on blood samples (BioFire Diagnostics, 2015).

Laboratory quality management

Even though it can be seen that this study has not revealed anything new
or innovative about the BacT/ALERT 3D blood culture analyser, or local and
national procedures that are used in conjunction with this asset, the study
may still be used in a positive way in the Medical Microbiology at Nobles
Hospital on the Isle of Man. Validation is a Clinical Pathology Accreditation
(CPA), United Kingdom Accreditation Service (UKAS) and International
Organisation for Standardization (ISO) requirement, with examination
procedures validated for intended use prior to adoption, and methods and
results obtained recorded (Public Health England, 2014b). For methods that




are in use for which no specific existing validation is in place, documentary
evidence which supports reasons for their use must be provided to adhere to
various standards (Public Health England, 2014b). This is addressed in the
following ISO 15189:2012 extracts.

"The laboratory shall verify upon installation and before use
that the equipment is capable of achieving the necessary
performance and that it complies with requirements relevant to
any examinations concerned" (ISO 15189:2012 - 5.3.1.2)

"The independent verification by the laboratory shall confirm,
through obtaining objective evidence (in the form of
performance characteristics) that the performance claims for
the examination procedure have been met. The performance
claims for the examination procedure confirmed during the
verification process shall be those relevant to the intended use
of the examination results" (ISO 15189:2012 - 5.5.1.2)

Validation examines whole process that is being used to check that results
are correct (Public Health England, 2014b). This study may therefore be
used as an internal validation report to confirm that the laboratory is
justified in sending out negative reports on blood cultures when the
BacT/ALERT 3D analyser has indicated that this is the case.

Further study

Whilst many factors were taken into account during this study in order to
ensure equal treatment of samples so that confounding elements do not
influence the results, it can be argued that the timings of sub-culturing
bottles is methodologically unsound. For example, negative blood cultures
are flagged as negative throughout the day, as the laboratory receives and
processes these at all times of the day. Furthermore, bottles may be
removed and processed as negative several times a day. This may present a
situation where a bottle may have been sitting on the analyser for several

hours and then sub-cultured several hours more after being removed from



the analyser, alongside a bottle that may have been relatively recently been
flagged as negative. Under ideal conditions, a bottle would be taken off of
the analyser as soon as it is determined to be negative, and sub-cultured
immediately. This would be a very labour intensive process, however,
thereby rendering it operationally impractical. As this study stands, it has
been decided that after being incubated on the BacT/ALERT 3D analyser for
5 days, small differences in time delay between bottles prior to sub-culture
should not introduce significant consequences. Any further research
emulating and progressing this study, however, should be set up in such a

manner that this is as tightly controlled as is practical.



Conclusion

This study set out to test the efficacy of the BacT/ALERT 3D analyser in the
Medical Microbiology Laboratory at Nobles Hospital on the Isle of Man;
specifically, the competence of the analyser to assign a negative value to a
blood culture bottle after 5 days incubation. To this end, it has been
conclusively proven that bottles are indeed sterile, as claimed by the
analyser, with 98.9% of sample bottles in this study showing no growth on
terminal sub-culture. It has also been shown that organisms isolated upon
terminal sub-culture in the remaining number of bottles were either skin
contamination of the inoculation process of the bottle, or environmental
contamination of the agar plate. Accordingly, negative blood culture results
sent out by the Medical Microbiology Laboratory at Nobles Hospital can be
seen to show a true representation of the health status of the patient in

question at the time of blood sampling.

An objective of this study was also to ascertain if the sensor colour of the
blood culture bottles may be used to inform the operator of the need to
perform terminal sub-cultures. This can be seen as being proven to not be
the case, both due to the reasoning above, and also due to colour changes
not being a reliable predictor of Relative Fluorescence Unit values on an
individual level. It can be argued that sensor colour changes are more
closely tied to volume of blood inoculated, as opposed to bacterial metabolic
activity. Unfortunately, this was not taken into account in this study, and is
therefore a critical component that should be investigated if this study was

to be taken further in the future.

It can be seen that any subsequent research that uses this study as a
starting point should also consider methodology that can be seen to reduce
confounding factors that were not as strict in this study as they perhaps
should have been, for example bottles being sub-cultured as soon as they
are removed from the analyser, rather than being batched. Additionally,

whilst this study only utilised the minimum of molecular methods, further



research in this area should consider this of paramount importance in order
to be able to obtain a holistic picture of the reporting of negative blood

cultures.

Although this study showed no real novel results, it can be seen as being
useful as an internal validation exercise that may be used as a quality
control and accreditation tool. It has been shown here that the performance
claims of the manufacturer have been verified in the routine laboratory and,
although done retrospectively, this can be considered valid documentary

evidence to this end.
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Appendix 2 — VITEK 2 identification of isolates
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Appendix 3 — FilmArray results
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