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Abstract
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Background: There is growing interest in the potential utility of real-time polymerase chain reaction (PCR)
in diagnosing bloodstream infection by detecting pathogen deoxyribonucleic acid (DNA) in blood samples
within a few hours. SeptiFast (Roche Diagnostics GmBH, Mannheim, Germany) is a multipathogen
probe-based system targeting ribosomal DNA sequences of bacteria and fungi. It detects and identifies
the commonest pathogens causing bloodstream infection. As background to this study, we report a
systematic review of Phase III diagnostic accuracy studies of SeptiFast, which reveals uncertainty about its
likely clinical utility based on widespread evidence of deficiencies in study design and reporting with a high
risk of bias.

Objective: Determine the accuracy of SeptiFast real-time PCR for the detection of health-care-associated
bloodstream infection, against standard microbiological culture.

Design: Prospective multicentre Phase III clinical diagnostic accuracy study using the standards for the
reporting of diagnostic accuracy studies criteria.
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Setting: Critical care departments within NHS hospitals in the north-west of England.

Participants: Adult patients requiring blood culture (BC) when developing new signs of
systemic inflammation.

Main outcome measures: SeptiFast real-time PCR results at species/genus level compared with
microbiological culture in association with independent adjudication of infection. Metrics of diagnostic
accuracy were derived including sensitivity, specificity, likelihood ratios and predictive values, with their
95% confidence intervals (CIs). Latent class analysis was used to explore the diagnostic performance of
culture as a reference standard.

Results: Of 1006 new patient episodes of systemic inflammation in 853 patients, 922 (92%) met the
inclusion criteria and provided sufficient information for analysis. Index test assay failure occurred on
69 (7%) occasions. Adult patients had been exposed to a median of 8 days (interquartile range 4–16 days)
of hospital care, had high levels of organ support activities and recent antibiotic exposure. SeptiFast real-time
PCR, when compared with culture-proven bloodstream infection at species/genus level, had better specificity
(85.8%, 95% CI 83.3% to 88.1%) than sensitivity (50%, 95% CI 39.1% to 60.8%). When compared
with pooled diagnostic metrics derived from our systematic review, our clinical study revealed lower test
accuracy of SeptiFast real-time PCR, mainly as a result of low diagnostic sensitivity. There was a low
prevalence of BC-proven pathogens in these patients (9.2%, 95% CI 7.4% to 11.2%) such that the
post-test probabilities of both a positive (26.3%, 95% CI 19.8% to 33.7%) and a negative SeptiFast test
(5.6%, 95% CI 4.1% to 7.4%) indicate the potential limitations of this technology in the diagnosis of
bloodstream infection. However, latent class analysis indicates that BC has a low sensitivity, questioning its
relevance as a reference test in this setting. Using this analysis approach, the sensitivity of the SeptiFast test
was low but also appeared significantly better than BC. Blood samples identified as positive by either culture
or SeptiFast real-time PCR were associated with a high probability (> 95%) of infection, indicating higher
diagnostic rule-in utility than was apparent using conventional analyses of diagnostic accuracy.

Conclusion: SeptiFast real-time PCR on blood samples may have rapid rule-in utility for the diagnosis of
health-care-associated bloodstream infection but the lack of sensitivity is a significant limiting factor.
Innovations aimed at improved diagnostic sensitivity of real-time PCR in this setting are urgently required.
Future work recommendations include technology developments to improve the efficiency of pathogen
DNA extraction and the capacity to detect a much broader range of pathogens and drug resistance genes
and the application of new statistical approaches able to more reliably assess test performance in situation
where the reference standard (e.g. blood culture in the setting of high antimicrobial use) is prone to error.

Study registration: The systematic review is registered as PROSPERO CRD42011001289.

Funding: The National Institute for Health Research Health Technology Assessment programme.
Professor Daniel McAuley and Professor Gavin D Perkins contributed to the systematic review through
their funded roles as codirectors of the Intensive Care Foundation (UK).
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Plain English summary

Infection is a major cause of illness and death in patients admitted to NHS hospitals, and improving
prevention and treatment of infection are among the highest priorities of the Department of Health.

Life-threatening infections often occur in critically ill patients, who are particularly vulnerable. Early therapy
with the correct antibiotic is the key to effective treatment, but current techniques for identifying the
specific bacteria responsible involve trying to grow the organism in an incubator (culture). This process
takes up to 5 days, and during this time patients are treated by ‘educated guesswork’ involving
prescription of powerful ‘broad-spectrum’ antibiotics, usually reserved for hard-to-treat infections.
These drugs are effective against a wide range of organisms but their use, unfortunately, encourages
development of multiresistant bacteria, for example meticillin-resistant Staphylococcus aureus, which is
becoming a major problem.

New molecular techniques that detect minute amounts of bacterial deoxyribonucleic acid in a patient’s
blood within a few hours have the potential to provide much more rapid and precise diagnosis and
treatment of bloodstream infection. This technology is currently being marketed commercially, but
independent studies are needed to be sure that these techniques are sufficiently accurate to justify their
routine clinical use. A large clinical trial of this technology has been undertaken by a team of clinicians
and scientists in over 1000 patients suspected of having bloodstream infection from four large critical care
NHS services in the north-west of England. Following permission from patients and their families, blood
from each patient was analysed by the molecular test and by conventional blood culture. Before
commencing the study, it was agreed with an independent ethics committee and a National Institute for
Health Research Trial Steering Committee, which included patient representatives, that the results of blood
culture, but not of the molecular test, would be used to guide care for patients in this study because we
did not know how the new molecular test would perform.

Comparison of the results of the two tests showed that the molecular test was able to detect bloodstream
organisms twice as often as conventional culture, suggesting that the new test might uncover more
infections in patients. However, on occasion, the molecular test missed some important infections
compared with conventional culture and, therefore, is not ready for routine introduction to frontline NHS
care. The reasons for these results are currently being carefully investigated by the project team, as they
were able to store extra clinical blood samples, with permission from each patient, allowing them to
perform additional scientific investigations that will help them uncover how to improve the molecular test.
This means that when a better molecular test is developed, the team will be able to rerun this study quickly
on the stored samples without the need for further patient blood sampling allowing rapid transfer from
laboratory scientific discovery to help deliver the safest care for patients being treated within the NHS.
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Scientific summary

Background

Health-care-associated infections impose a significant burden on health-care systems worldwide, with
bloodstream infections particularly problematic in terms of hospital costs, increased length of stay and
mortality, especially in the critically ill and when associated with sepsis. Blood culture (BC) is the current
service standard for bloodstream infection diagnosis but is insufficiently time critical to assist in early
management decisions. International guidelines for the early management of sepsis advocate initiating
antibiotic therapy within 1 hour of initial clinical suspicion, usually involving administration of high potency,
broad-spectrum antibiotics as a ‘safety first’ strategy. Although this approach is life-saving in patients with
severe sepsis, an inevitable consequence of the lack of early diagnostic confirmation is a wasteful and
potentially dangerous overuse of antimicrobial chemotherapy. This is associated with the spread of
antibiotic-resistant species and susceptibility to superinfections such as Clostridium difficile . There is growing
interest in the potential of real-time polymerase chain reaction (PCR) to address this problem based on the
ability to detect minute amounts of pathogen deoxyribonucleic acid (DNA) in patient blood samples within a
few hours, allowing more informed use of early antibiotic therapy. SeptiFast (Roche Diagnostics GmbH,
Mannheim, Germany) is a multipathogen, probe-based real-time PCR system targeting ribosomal DNA
sequences of bacteria and fungi to detect and identify 25 of the commonest pathogens causing bloodstream
infection. The SeptiFast panel is suited to identifying health-care-associated bloodstream infection acquired
during complex health care and has European regulatory approval. To date, there has been no formal health
technology assessment of the performance of SeptiFast in this setting.

Objective

This report investigates the diagnostic accuracy of the LightCycler® (Roche Diagnostics GmbH, Mannheim,
Germany) SeptiFast multipathogen real-time PCR platform for detection of suspected health-care-associated
sepsis compared with BC in the setting of critical care.

Methodology

Systematic review
A systematic review and meta-analysis of clinical diagnostic accuracy studies involving SeptiFast (from
January 2006 to November 2012) was conducted. The protocol for systematic review was published
in advance by BMJ Open and is available from http://bmjopen.bmj.com/content/2/1/e000392.long.
A comprehensive literature search strategy was used to identify studies that incorporated SeptiFast as the
index test for the detection and identification of pathogens in blood samples of patients with suspected
sepsis when compared with BC as the reference standard test. We searched the following databases:
Cochrane Database of Systematic Reviews, Database of Abstracts of Reviews of Effects, the Health
Technology Assessment (HTA) database, the NHS Economic Evaluation Database, The Cochrane Library,
MEDLINE, EMBASE, ISI Web of Science, Bioscience Information Service (BIOSIS) Previews, Medion and the
Aggressive Research Intelligence Facility database. This systematic review considered only publications from
2006 onwards. A standard set of data was searched for and extracted including clinical setting, features of
included population, reference standard and index test methodologies, and reported diagnostic accuracy
metrics. A specific checklist adapted from the quality assessment of diagnostic accuracy studies tool was
used to assess the quality of the selected studies by independent assessors. Statistical analysis and data
synthesis including subgroup analyses were performed by an independent external statistician using
bivariate meta-regression analysis of assay sensitivity and specificity.
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Clinical diagnostic accuracy study
A Phase III multicentre, double-blinded, clinical diagnostic accuracy study was performed using SeptiFast
real-time PCR in patients from four large NHS hospital trusts in the north-west of England. The protocol
agreed by the Trial Steering Committee for the Phase III study was published in advance by the National
Institute for Health Research (NIHR) HTA (available from www.nets.nihr.ac.uk/projects/hta/081316) and,
subsequently, by BMJ Open (available from http://bmjopen.bmj.com/content/1/1/e000181.long). Designed
using the standards for the reporting of diagnostic accuracy studies (STARD) criteria, in an adequately
sized and defined adult critical-care population, the study aimed to determine the accuracy of SeptiFast
real-time PCR for rapid detection and identification of suspected sepsis-related health-care-associated
bloodstream infection when compared with BC as the reference standard. Patient inclusion was based on
meeting the Systemic Inflammatory Response Syndrome criteria, developing at least 48 hours after hospital
admission. Evidence that pathogen DNA detection in the bloodstream using SeptiFast has value in detecting
infection elsewhere in the body was also sought using an enhanced reference standard, defined as any
positive BC and/or cultures from other specimens taken 48 hours either side of the primary research blood
sample contributing to an independently adjudicated infection episode during this period. Summary
measures of diagnostic accuracy, with their 95% confidence intervals (CIs), including sensitivity, specificity,
predictive values and likelihood ratios were performed at the level of event (positive/negative result) and
pathogen species concordance for SeptiFast real-time PCR against both BC and the enhanced reference
standard. Statistical evaluation of the potential impact of error in the BC gold standard was undertaken
using latent class modelling. Impact on diagnostic performance of the commonly used infection biomarker
procalcitonin (PCT) as an instrumental variable was also considered.

Results

Description and quality of the available evidence on SeptiFast real-time
polymerase chain reaction
The literature searches identified 2129 citations in total, and following full-text review 37 studies were
included in the final analysis. Summary sensitivity and specificity for SeptiFast real-time PCR compared
with BC from the included studies, estimated using a bivariate model, were 68% (95% CI 62% to 74%)
and 86% (95% CI 84% to 89%) respectively. This suggests that a positive SeptiFast test at genus/species
level in blood samples from patients with suspected sepsis could have higher diagnostic utility (rule in)
than a negative test (rule out) compared with BC. However, study quality was judged to be variable,
with important deficiencies overall in study design and reporting. The reference standard was not always
adequately described and no consistent standards for reporting of BC results were followed, giving
likelihood of misclassification errors when comparing reference and index tests. Incorporation bias was
also likely due to universal lack of reported blinding of reference standard and index test. Lack of uniform
reporting made classification of studies difficult, with a variety of care settings, outcomes and alternative
clinical reference standards reported alongside direct comparison of SeptiFast real-time PCR with BC.
Overall, independent review indicated serious deficiencies in the included studies impacting on the derived
diagnostic accuracy metrics with none, as reported, meeting the STARD criteria in full.

Findings of the clinical diagnostic accuracy study of SeptiFast in detection of
sepsis-related health-care-associated bloodstream infection
A total of 922 new episodes of suspected health-care-associated bloodstream infection from 795 patients
were analysed. Median age was 58 years with a 60% : 40% gender distribution in favour of males. Patients
were recruited across a range of primary specialties suggesting a generalisable study cohort. Organ support
activities at time of blood sampling were higher than those recorded nationally during the study period
but mean 28-day survival and survival to hospital discharge compared favourably with national audit figures
for sepsis outcomes. A large majority of patients (86%) were receiving antimicrobial drugs, often delivered
in combination, within the 48 hours prior to the suspected sepsis episode.

SCIENTIFIC SUMMARY
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Summary diagnostic accuracy metrics of SeptiFast real-time PCR against culture-proven bloodstream
infection at event level across all hospital sites showed sensitivity of 58.8% (95% CI 47.2% to 69.6%)
and specificity of 88.5% (95% CI 86.1% to 90.6%) with a prevalence of 8.7%. Pathogen concordance is
likely to be a more robust indicator of the potential clinical utility of SeptiFast real-time PCR, and here
both sensitivity 50.0% (95% CI 39.1% to 60.8%) and specificity 85.8% (95% CI 83.3% to 88.1%)
were lower. Some variation in diagnostic metrics was observed across hospital sites. These data suggest
SeptiFast has better diagnostic rule-in than rule-out potential. However, consideration of mean likelihood
ratios indicates significant limitations in diagnostic utility of SeptiFast. For example, at pathogen level,
the positive likelihood ratio overall was only 3.5 (95% CI 2.7 to 4.5) with a post-test probability following
a positive SeptiFast test of 26.3% (95% CI 19.8% to 33.7%). The negative likelihood ratio was only
0.69 (95% CI 0.50 to 0.73), with post-test probability of 5.6% (95% CI 4.1% to 7.4%). The probability of
a patient having culture-proven bloodstream infection following a positive SeptiFast test would therefore
be no greater than 33.7%, a low level to confidently rule in a diagnosis. Following a negative SeptiFast
test the probability of a culture-proven bloodstream infection would be no greater than 7.4%.

Against the enhanced reference standard that accounts for infection present at other body sites in addition
to the bloodstream, SeptiFast real-time PCR sensitivity was markedly lower being 31.1% (95% CI 25.6%
to 37.0%) at event level and 18.9% (95% CI 14.9% to 23.4%) at species level. Specificity against the
enhanced reference standard was maintained, being 90.8% (95% CI 88.3% to 92.9%) and 85.4%
(95% CI 82.6% to 88.0%) for event and pathogen concordance respectively. Using likelihood ratios to
derive post-test probabilities, the probability of a patient having a culture-proven infection following a
positive SeptiFast test would be 47.4% or less, and as high as 35.5% following a negative test.

Challenging the assumption that laboratory-confirmed diagnosis of
bloodstream infection is an error-free gold standard: statistical modelling
using latent class analysis
Using latent class analysis of our new study data, BC appears to have a worryingly low sensitivity in
the setting of suspected sepsis-related health-care-associated bloodstream infection. The sensitivity
of the SeptiFast real-time PCR test is also less than ideal for a useful diagnostic test but appears much
better than BC. Blood samples identified as positive by either BC or SeptiFast real-time PCR in our
study population have a high probability of having infection. Data from additional body sites and from
circulating biomarkers such as PCT appear to be additional indicators of infection and a dichotomised PCT
measurement appears to be as sensitive as BC and only marginally less specific. Preliminary investigations
suggest that combinations of these biomarkers show promise in terms of achieving high diagnostic
accuracy in our patient cohort.

Conclusions

Our systematic review indicated that the SeptiFast test could have higher diagnostic rule-in utility
than rule-out utility compared with BC. However, study quality was variable with serious deficiencies in
impacting on diagnostic accuracy metrics. Accordingly, our diagnostic accuracy study showed the
sensitivity of the SeptiFast real-time PCR assay was poor and may have little value as a ‘rule-out’ test
in suspected sepsis-related health-care-associated bloodstream infection. Overall, sensitivity of BC and
SeptiFast real-time PCR was less than ideal for a useful diagnostic test in the setting of sepsis-related
health-care-associated bloodstream infection. Measurement of additional biomarkers from other body sites
shows good potential for accurately diagnosing infection in critically ill patients with suspected sepsis.

Implications for practice
When compared with NHS service culture standards, the clinical diagnostic accuracy of SeptiFast real-time
PCR appears unlikely to result in sufficient diagnostic utility in the setting of suspected sepsis-related
health-care-associated infection, despite its potential to deliver results more rapidly.
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Using preliminary analyses that take into account the possibility that culture standards are not completely
error free, SeptiFast real-time PCR may have a greater ability to rule in infection than may be apparent
from conventional analyses; however, its diagnostic sensitivity remains inadequate such that clinical utility
may remain significantly compromised.

In further preliminary analyses, other circulating biomarkers, such as procalcitonin, when used in
combination with SeptiFast real-time PCR, may improve clinical diagnostic accuracy to levels where clinical
utility is far more likely.

Based on the present study, we found no evidence that SeptiFast real-time PCR should replace traditional
BC but the assay could be added to the diagnostic test battery (together with data on infections from
other sites and levels of biomarkers such as procalcitonin). Algorithms for the optimal use of such a test
battery should be the subject of further work.

We do not know if our findings are relevant to patients with suspected community-acquired sepsis as they
were not investigated and there is a lack of high-quality diagnostic evidence in relation to this setting.

Recommendations for future research

Clinical research

1. Develop new strategies for assessing the clinical validity of diagnostic tests that do not rely exclusively
on evidence derived from traditional analyses of diagnostic accuracy where reference standards are
known to be prone to error (e.g. BC in the setting of high antimicrobial use).

2. Explore further the application of multivariate modelling techniques (e.g. latent class analysis) in
diagnostic accuracy studies to assess the potential value of additional biomarkers and/or account for
error in reference standards.

3. Validate diagnostic pathways in stratified populations of patients with health-care-associated and
community-acquired sepsis.

4. Conduct further analyses using diagnostic and therapeutic data from stratified populations, using
techniques such as risk–benefit analyses and decision analyses, to develop an understanding of the
likely effectiveness of SeptiFast real-time PCR and other emerging rapid diagnostic tests in the clinical
setting of sepsis.

5. Based on the current study data and outcomes from the above recommendations, consider future
intervention studies based on the potential for SeptiFast as a rapid ‘rule-in’ test for pathogens in blood
samples in the setting of:

i. suspected sepsis-related bloodstream infection asking what is the impact on antimicrobial
stewardship in the setting of a positive SeptiFast test?

ii. interventional studies investigating bloodstream infection (e.g. a clinical trial investigating the
effectiveness of different durations of antimicrobial therapy) asking what is the utility of identifying
patient cohorts rapidly based on SeptiFast testing rather than relying solely on the results of BC?

6. Develop collaborative guidelines and funding initiatives with NHS stakeholders, including the NIHR, to
co-ordinate biobanking of samples and, crucially, clinical information/phenotypes from patients with
sepsis. This will put the NHS in a prime position to lead on co-ordinating HTA of the vast array of
technologies emerging in this field aimed at meeting the Chief Medical Officer’s challenges laid
out in her recent report on infection and antibiotic resistance (Davies PD. Infections and the Rise of
Antimicrobial Resistance. London: Department of Health; 2013).

7. Encourage better adherence to internationally recognised guidelines in the reporting of results of
diagnostic accuracy studies.
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Technology development
Each of the following generic recommendations are informed by our considerable experience with
SeptiFast and a range of other assays, and are aimed at improving the accuracy of nucleic acid
amplification tests, particularly focused on improving clinical diagnostic sensitivity.

1. Increase analytical sensitivity of nucleic acid amplification assays through more efficient pathogen DNA
extraction techniques and/or increasing the volume of blood extracted.

2. Widen pathogen coverage or develop tests in which the pathogen panel can be more easily modified to
account for differences in pathogen spectrum in particular settings.

3. Explore alternative paradigms for use of different nucleic acid amplification tests to support clinical
decision-making at different stages of patient management, for example development of rapid,
low-cost screening tests capable of detecting a broad range of bacterial and fungal DNA that could
be performed more frequently. Such tests could be used to support, for instance, rule-out decisions
at an early stage. There is also the potential to combine nucleic acid amplification tests with other
circulating biomarkers to improve diagnostic accuracy. This approach could inform selective deployment
of higher-cost molecular platforms designed to subsequently identify pathogen species and microbial
resistance genes.

Study registration

This study is registered as PROSPERO CRD42011001289 and is available from www.crd.york.ac.uk/
PROSPERO/display_record.asp?ID=CRD42011001289.

Funding

Funding for this study was provided by the Health Technology Assessment programme of the National
Institute for Health Research. Professor Daniel McAuley and Professor Gavin D Perkins contributed to the
systematic view through their funded roles as codirectors of the Intensive Care Foundation (UK).
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Chapter 1 Background and rationale

Impact of health-care-associated infection

This report evaluates the diagnostic potential of a commercial multipathogen real-time polymerase chain
reaction (PCR) platform for detection of health-care-associated bloodstream infection in the high-risk
setting of critical care. Health-care-associated infection imposes a significant burden on health-care
systems worldwide and is a major cause of morbidity and mortality. Figures from the UK suggest that
over 300,000 patients are affected by health-care-associated infection annually, with an annual cost to
the NHS in excess of £1B.1,2 Comparative figures from the USA indicate that the costs associated with the
five most common health-care-associated infections are approximately US$10B per annum.3 Nosocomial
bloodstream infections are among the most problematic in terms of excess hospital cost, increased length
of stay and attributable mortality rates.4 Improved infection prevention and control measures linked to
organisational targets for reducing meticillin-resistant Staphylococcus aureus (MRSA) bacteraemia and
Clostridium difficile infection have contributed to a significant reduction in overall health-care-associated
infection prevalence.5 Nevertheless, health-care-associated infection remains a significant burden,
particularly in the critically ill, who, owing to the level of invasive interventional procedures required, in
association with their compromised health state, are at high risk of developing severe infections and
associated unfavourable health-care outcomes such as organ failure and death.6

Current diagnostic standards in the critically ill

Consensus definitions of infection in a critical care setting require that diagnosis is confirmed by
identification of live micro-organisms (pathogens) by microbiological culture of blood or other samples.7

However, blood culture (BC), although reflecting the current gold standard, is subject to a significant time
delay, requiring 24–48 hours before a positive result is available and at least 5 days to determine that
a specimen is culture negative.8 The significant rates of BC contamination by coagulase-negative
staphylococci (CoNS) also add to the difficulties of judging the clinical significance of positive cultures.9

Sepsis is a clinical syndrome resulting from a patient’s systemic inflammatory response to infection and is a
major cause of mortality and increased health-care costs globally.10,11 Sepsis can be difficult to diagnose
and to differentiate from other common non-infectious causes of systemic inflammation.12 Confirmation of
sepsis, therefore, relies on objective diagnostic evidence for infection, including attempts to detect and
identify live pathogens from blood samples by culture techniques.7,11 Early confirmation of sepsis and
administration of appropriate antimicrobial therapy is therefore critical to patient outcome but remains a
difficult diagnostic problem owing to the time required for microbiological identification of pathogens.

Internationally recognised guidelines for the early management of sepsis advocate that antibiotics are
administered within 1 hour of the initial clinical suspicion of infection and current evidence indicates that
the correct initial choice of antibiotic saves more lives than virtually any other intervention in patients
with severe sepsis.13,14 In this context, BCs are insufficiently time critical and cannot assist in early
management decisions. As a result, antimicrobial therapy should be guided by local pathogen surveillance
and normally involves the administration of broad-spectrum, high-potency antibiotics as a ‘safety first’
strategy to cover the spectrum of likely pathogens in patients with suspected sepsis.11 Although this
approach is life-saving in patients with severe sepsis, an inevitable consequence of the temporal separation
between initial suspicion and microbiological confirmation is a wasteful and potentially dangerous overuse
of antimicrobial chemotherapy. This is particularly relevant given that initial suspicion of infection is
based largely on the presence of two or more non-specific clinical signs of systemic inflammation
[systemic inflammatory response syndrome (SIRS) criteria – detailed in Chapter 3, Methods, Participants].
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SIRS can be induced by a variety of non-infectious aetiologies as well as infection including pancreatitis,
major surgery and ischaemia–reperfusion after haemorrhagic shock.15 As a result, the prevalence of SIRS is
high in critical-care settings, with a recent study reporting that 93% of intensive care unit (ICU) patients
had two or more SIRS criteria at some stage during their stay.16 Although the presence of SIRS is
associated with a higher risk of progression to severe sepsis or septic shock, the prevalence of confirmed
infection is much lower.17 The overuse of antibiotics to compensate for the diagnostic uncertainty,
particularly broad-spectrum antimicrobials, creates a selection advantage for surviving organisms that
inevitably facilitates the spread of antibiotic-resistant species.1 In addition, broad-spectrum therapy disrupts
the patient’s commensal flora, leaving them open to superinfections such as C. difficile.18 The increasing
threat from antibiotic resistance and the need for improved antibiotic stewardship within the health-care
system has recently been the subject of a major report by the Chief Medical Officer.2 The economic impact
of inappropriate antibiotic use in terms of acquisition costs and higher expenditure resulting from
avoidable adverse effects is also significant.

An urgent global challenge has emerged, therefore, to develop and translate techniques that could
provide accurate diagnostic information within a short time frame of clinical signs appearing and so allow
more informed use of antibiotic therapy at an early stage. This challenge has been championed by the
World Health Organization,19 endorsed by national governments2 and highlighted within international
consensus-derived sepsis guidelines.11

Molecular approaches to diagnosis of health-care-associated
bloodstream infection

There is a consensus that molecular technologies have the potential to provide rapid detection of pathogens
in blood and other clinical samples in a much shorter time frame than is possible with conventional
culture.20–22 The majority of current approaches are based on detection of pathogen deoxyribonucleic acid
(DNA) in the sample using nucleic acid amplification techniques – primarily real-time PCR – with results
potentially available in 4–6 hours.21 Real-time PCR allows detection of minute amounts of pathogen DNA by
selective amplification of specific regions of bacterial or fungal DNA. Pathogen DNA amplified during the
real-time PCR reaction is continuously monitored using either fluorescent dyes that bind non-specifically to
double-stranded DNA or with fluorescently labelled probes that bind to specific sequences in the amplified
pathogen DNA, the latter approach allowing direct identification of the microbial species present. The
amplification of the pathogen signal during real-time PCR is crucially important owing to the low numbers
of circulating bacteria [10 colony-forming units (CFUs) per ml] or fungi (1–10CFU/ml) reported in adult
sepsis.23,24 The use of real-time PCR also facilitates detection of fastidious, difficult-to-culture organisms
such as fungi.25

Two basic approaches have been taken in the design of real-time PCR assays for sepsis pathogens, either
(i) broad-range detection of bacterial or fungal DNA with universal primers followed by species identification
using post-PCR techniques such as DNA sequencing, electrospray ionisation mass-spectrometry or high
resolution melting analysis26–28 or (ii) multiplex assays utilising a panel of species-specific hybridisation probes
that provide direct confirmation that a particular species is present.29 Intuitively, the latter approach would
appear to have the greatest clinical utility in terms of directing timely and appropriate antibiotic therapy,
assuming that a pathogen panel with adequate coverage can be established. In both designs, assays are
generally, although not exclusively, directed at conserved DNA sequences in the 16S, 23S or 16S–23S
interspacer regions of the ribosomal ribonucleic acid (rRNA) gene of bacteria or the 18S and 28S rRNA gene
regions of fungi.30–33

The ability of real-time PCR to provide early information on likely antibiotic sensitivities of organisms
detected is also of crucial importance in view of the developing crisis in antibiotic resistance.2 Real-time
PCR has the potential to detect the presence of several important antibiotic resistance genes including
mecA (MRSA) and van subtypes (vancomycin-resistant enterococci).34,35 However, reliable detection of
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resistances such as extended-spectrum beta-lactamases are more challenging given the wide range of
genotypes involved and currently full profiling of antibiotic sensitivities can be achieved only by culture.36

Although the laboratory analytical accuracy of these techniques for the detection of pathogen DNA in
blood has been evaluated, there is a reported lack of clinical trial data to define the utility of such tests in
patients.21,36 This has been due in part to the lack of standardised technology platforms that meet accepted
regulatory standards for clinical diagnosis.

At the time of application for Health Technology Assessment (HTA) funding for the current trial
(early 2008), the only real-time PCR platform with regulatory approval [Conformité Européenne (CE) mark]
for simultaneous detection of bacterial and fungal pathogens in suspected bloodstream infection was the
LightCycler® SeptiFast kit (Roche Diagnostics GmbH, Mannheim, Germany). The system uses a multiplex
approach, which allows detection of the most common pathogen species causing bloodstream infection
in a single blood sample29 without the need for pre-culture and is described in detail below. To date, a
further three PCR-based platforms have gained CE mark approval for this purpose, although data on
clinical diagnostic performance remain limited. SepsiTest™ CE IVD (Molzym, Bremen, Germany) is a
pan-bacterial, pan-fungal real-time PCR assay able to detect DNA from more than 345 bacterial and
fungal species with subsequent species identification by amplicon sequencing.26,37 VYOO®, introduced by
SIRS-Lab, Jena, Germany, gained a CE mark in late 2008 and takes a multiplex approach to detect a
panel of sepsis pathogens by electrophoretic separation of species-specific PCR amplicons.38,39 PLEX-ID™
(Abbott, Wiesbaden, Germany) also uses universal PCR to detect a very broad range of bacterial and fungal
pathogens, but utilises electrospray ionisation mass spectrometry for post-PCR species identification.40

LightCycler SeptiFast real-time polymerase chain reaction

The LightCycler SeptiFast real-time PCR system uses a multiplex approach, allowing detection of a panel of
25 of the most common pathogen species associated with bloodstream infection in a single blood sample.
The SeptiFast Master List (SML) panel is shown in Table 1. The assay involves three steps: (i) mechanical
lysis and DNA extraction from the blood specimen; (ii) real-time PCR amplification and detection of
bacterial/fungal DNA based on the use of species-specific hybridisation probes targeting the internal
transcribed region between the 16S and 23S bacterial rRNA gene and between the 18S and 5.8S rRNA
region of the fungal genome; and (iii) identification of species based on melting point analysis of real-time
PCR products with automated reporting using dedicated software.29 SeptiFast has been assessed at the

TABLE 1 Pathogens detectable using LightCycler SeptiFast test

Gram-negative bacteria Gram-positive bacteria Fungi

Escherichia coli Staphylococcus aureus Candida albicans

Klebsiella (pneumoniae/oxytoca) CoNSa Candida tropicalis

Serratia marcescens Streptococcus pneumoniae Candida parapsilosis

Enterobacter (cloacae/aerogenes) Streptococcus speciesb Candida glabrata

Proteus mirabilis Enterococcus faecium Candida krusei

Acinetobacter baumannii Enterococcus faecalis Aspergillus fumigatus

Pseudomonas aeruginosa

Stenotrophomonas maltophilia

a Single probe detects a group of staphylococcal pathogens including Staphylococcus epidermidis and
Staphylococcus haemolyticus.

b Single probe detects a group of streptococcal pathogens including Streptococcus pyogenes, Streptococcus agalactiae
and Streptococcusmitis.
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laboratory level on clinical isolates and has shown to have good analytical specificity and exclusivity,
confirming its analytical validity.29 When tested against spiked blood samples, SeptiFast showed minimal
analytical sensitivity of 3–30 CFU/ml for the pathogen species on the SML and excellent specificity and
exclusivity.29 At the time of submission of the funding application for the current study, information on the
clinical diagnostic accuracy of the LightCycler SeptiFast platform for detection of bloodstream infection
was limited. An unpublished European Union registration study of 278 critically ill patients with suspected
sepsis from Denmark, Germany and Italy was undertaken as part of the CE-marking process.

In addition, three full studies had been published, covering a total of 262 patients and 353 samples across
a mix of clinical settings, including general medicine wards, intensive care and emergency departments.41–43

During the course of the current National Institute for Health Research (NIHR) HTA trial, further studies
investigating the diagnostic performance of LightCycler SeptiFast technology have been published,
predominantly focusing on suspected sepsis. None of studies to date has specifically examined the
performance of the test in the context of suspected health-care-associated bloodstream infection, which is
the focus of the current study. A systematic review of the published data on the diagnostic accuracy of
LightCycler SeptiFast forms the basis of Chapter 2 of this report.

Overview of the study

It is widely acknowledged that PCR-based nucleic acid amplification techniques have the potential to
deliver real improvements in sensitivity and speed of diagnosis of life-threatening infection in the setting of
critical care. Although a number of commercial platforms are available for clinical use, there has been no
systematic adoption of these technologies in health-care systems, including the NHS. This is primarily due
to a paucity of information on clinical utility and a lack of formal HTA. The overall aim of this study is to
provide independent clinical accuracy data along with a systematic analysis of current published studies
to allow decisions to be made on the utility of the LightCycler SeptiFast real-time PCR for early diagnosis of
suspected sepsis-related health-care-associated bloodstream infection in critical care.

The three components of the evidence synthesis are:

1. a systematic review of published diagnostic accuracy studies of the SeptiFast platform compared with
BC in the setting of suspected sepsis-associated bloodstream infection (see Chapter 2)

2. the results of an independent and systematic clinical accuracy study of SeptiFast in a clearly defined
clinical population of critically ill patients suspected of developing health-care-associated bloodstream
infection (see Chapter 3)

3. statistical analysis of the potential impact on diagnostic accuracy of error in the BC gold standard and
the inclusion of commonly used circulating inflammatory biomarkers as instrumental variables using
latent class modelling (see Chapter 4).

The detailed objectives, methods and results of each of these analyses are reported in the ensuing chapters.
The final chapter includes a discussion on the implication of our findings for the real-time PCR-based
diagnosis of health-care-associated bloodstream infection including a recommendation on whether or not
this technology has sufficient clinical diagnostic accuracy to move forward to efficacy testing during the
provision of routine critical care. The priorities for future research are also discussed.

BACKGROUND AND RATIONALE

NIHR Journals Library www.journalslibrary.nihr.ac.uk

4



Chapter 2 Accuracy of LightCycler SeptiFast
real-time polymerase chain reaction for the detection
and identification of pathogens in the blood of
patients with suspected sepsis: a systematic review
and meta-analysis

Aim

Chapter 3 of this report presents the results of a large independent, multicentre Phase III clinical diagnostic
accuracy study to assess the SeptiFast multipathogen real-time PCR platform in detection and identification
of health-care-associated bloodstream infection funded by the NIHR HTA programme.44 As part of the
background to this independent HTA, we report here a systematic review that was designed to focus on
the diagnostic test accuracy of SeptiFast real-time PCR for detection and simultaneous identification
of pathogens in the blood of patients with suspected sepsis. This systematic review was piloted and
registered with PROSPERO, the International Prospective Register of Systematic Reviews, in 2011
(www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42011001289) and the study protocol was
published in 2012.45

Methods

Inclusion criteria of studies

Participants
Patients suspected of developing sepsis, including adults and children, who required BCs irrespective of
where their care was being delivered, and including suspected community- or hospital-acquired infection.

Target conditions
Suspected sepsis, including severe sepsis and septic shock.46

Index test
LightCycler SeptiFast real-time PCR as the index test on blood specimens for the detection and
simultaneous identification of bacterial and fungal pathogens.29

Comparator test (reference standard)
Blood culture for the detection and identification of bloodstream bacterial and fungal pathogens was used
as the reference test.8 All diagnostic metrics were reported using this reference standard.

Types of studies
We included any clinical diagnostic accuracy study, including case–control studies, that compared the
index real-time PCR test with standard culture results performed on a patient’s blood sample during
the management of suspected sepsis.
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Search methods for identifying studies

Electronic searches
We searched the Cochrane Database of Systematic Reviews, Database of Abstracts of Reviews of Effects,
the HTA database, the NHS Economic Evaluation Database, The Cochrane Library, MEDLINE, EMBASE,
ISI Web of Science, Bioscience Information Service (BIOSIS) Previews, Medion and the Aggressive Research
Intelligence Facility database. The CE mark for the index test was announced in January 2006; therefore,
this systematic review considered only publications from this date in humans. There were no language
restrictions in the electronic search for studies.

Search terms/search strategy
Specific search strategies (see Appendix 2) were developed for each electronic database, commencing
with MEDLINE (published previously;45 see also www.crd.york.ac.uk/PROSPERO/display_record.asp?
ID=CRD42011001289). The MEDLINE strategy was adapted for each subsequent database. All electronic
searches were piloted in October 2011 prior to publication of our protocol and repeated at the end of
November 2012.

Other resources
Backward tracking was performed by hand-searching the reference lists of all relevant articles uncovered
from the electronic searches and forward tracking using the keyword ‘SeptiFast’ with ISI Citation Indices
and Google Scholar (Google Inc., Menlo Park, CA, USA) and with a conference proceedings search
using the Web of Science ISI proceedings (from January 2006 to November 2012). We requested
reference lists held by the only manufacturer of the index test (Roche Diagnostics) and requested any
clinical diagnostic accuracy data collected by Roche Diagnostics to file for the CE mark. In addition, we
searched for unpublished studies and ongoing trials involving the SeptiFast platform in the following online
registers, www.nlm.nih.gov/hsrproj, www.controlled-trials.com/mrct/, http://public.ukcrn.org.uk/search/
Portfolio.aspx and www.who.int/trialsearch, with identified corresponding authors of eligible trials and
content experts contacted to identify potentially relevant studies and associated data.

Data collection and analysis

Selection of studies (Salford, UK)
The initial selection of titles and abstracts was conducted by two reviewers (PD and GW) using the
inclusion criteria detailed above. The full papers of all abstracts deemed eligible (by any reviewer) were
obtained and read to determine their inclusion eligibility in the review. Conference abstracts and journal
correspondences were included if they met the inclusion criteria, and the corresponding author was
contacted to request any further information about their study or about full publications in preparation.
Conference abstracts were not included when reporting duplicate data contained in a subsequent paper.
We resolved any disagreement for inclusion with discussion between the reviewers.

Assessment of methodological quality (Belfast and Warwick, UK)
Independent (external) reviewers (DM and GDP) assessed the quality of each selected study using a specific
checklist, published previously45 (see Appendix 3), adapted from the quality assessment of diagnostic
accuracy studies tool.47 Each question on the checklist was answered with a yes/no response or noted as
unclear if insufficient information was reported to enable a judgement to be made, and the reasons for
the judgement made were documented. Published Standard Operating Procedures and interpretation of
the reference standard (BC), including definitions of BC contamination, were made available to the
independent reviewers for reference.8 In addition, the 2006 CE-marked index test protocol was made
available to each reviewer as provided by Roche Diagnostics to purchasers. Review authors (DFM and GDP)
assessed methodological quality independently. Any discrepancies were adjudicated and resolved by a
systematic review methods expert (BB) and an infection diagnostic expert (RM).
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Data extraction
A standard set of data was searched for and extracted where possible from each study using a tailored
data extraction form. This included information regarding the inclusion criteria detailed above, an
assessment of the evidence level for diagnostic studies48 and additional information including clinical
setting (i.e. community, emergency department, in hospital, critical care and general/specialist); participant
demographics; clinical features of the included population (e.g. significant comorbidity); intercurrent
treatment (antimicrobial therapy); reference standard methodology; supporting test results (culture of
samples other than blood); index test setting (point of care, near patient, clinical or research laboratory,
batched or individual analysis); reported index test laboratory failures; missing participant data; 2 × 2 table
of results for primary outcome and reported diagnostic accuracy metrics. Review authors (DFM and GDP)
extracted data independently. Any discrepancies were adjudicated and resolved by a systematic review
methods expert (BB) and an infection diagnostic expert (RM).

Statistical analysis and data synthesis
Statistical analysis and data synthesis were planned and performed independently by an external
statistician (SG). Estimates of the combined sensitivity and specificity, with 95% confidence intervals (CIs),
were made using Reitsma’s bivariate method.49 Results were displayed as summary receiver operating
characteristic (ROC) plots, with 95% confidence regions and 95% prediction regions defined by
Harbord et al.50 as ‘the region within which, assuming the model is correct, we have 95% confidence that
the true sensitivity and specificity of a future study should lie’. An overall summary for all studies with
useable data was produced and subgroup analyses were performed separating studies by:

(a) type of publication: full papers versus abstracts
(b) age of participants: adult versus neonate/child (this analysis omitted studies where the population was

mixed or unclear)
(c) hospital setting: emergency department versus other hospital setting, ICU versus other hospital setting

(this analysis omitted studies where settings were mixed or unclear)
(d) comorbidity: if sufficient data were available to allow comparisons
(e) commercial sponsorship: stated involvement of Roche Diagnostics versus no statement.

For all subgroup analyses, summary ROC curves were produced with pooled estimates of sensitivity and
specificity for each group. Analyses tested whether or not the subgrouping explained a significant amount
of additional variation using the difference in –2 log-likelihood statistics between the subgrouped and
overall models.

No attempts were made to quantify potential sources of study bias in this systematic review as the
available methodologies have not been validated for use in relation to diagnostic test meta-analyses.51

Analyses were performed using SAS 9.2 (SAS Institute Inc., Cary, NC, USA) and Review Manager (RevMan)
Version 5.2 (The Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, Denmark).
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Results

Study inclusion
We identified 2129 citations in total, of which 61 were considered potentially suitable (Figure 1). After
full-text review, and having contacted corresponding authors for any extra data in the case of conference
abstracts and journal correspondences, 23 studies were excluded as it proved impossible to derive a 2 × 2
table to calculate required diagnostic metrics. In addition, one abstract was removed as the study data
were coreported in a full paper and another abstract was replaced by a full paper that was sent to us by
the authors. In total, 37 studies were included in the final analysis (26 papers, nine conference abstracts
and two correspondences – summarised in Table 2).

Total citations screened
(n = 2129)

Full-text articles reviewed
(n = 61)

Total citations excluded (n = 2068)

Otherwise irrelevant, n = 1763

Not diagnostic accuracy study:
• Narrative reviews, n = 167
• Case reports, n = 21
• Healthy volunteers, n = 4

Not suspected sepsis, n = 45
Not SeptiFast index test, n = 52
Not BC reference standard, n = 16

Net total articles excluded (n = 24)

Abstract swapped for full paper following
extra information from authors

Abstract data reported within full paper, n = 1

Diagnostic metrics not derivable by
external reviewers
• Conference abstracts, n = 19
• Papers, n = 4

Number of studies included in review

Total number (n = 37)
• Papers, n = 26
• Conference abstracts, n = 9
• Journal correspondences, n = 2

FIGURE 1 Flow diagram of study selection.
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Study quality
Our independent external reviewers reported variable study quality and, although studies reported as full
papers were associated with the best quality measures, there were important deficiencies overall in study
design and reporting (Figure 2). Reviewers agreed that all of the studies selected aimed to compare test
results from SeptiFast with BC and that the reported blood sampling for these tests was such that disease
progression or regression bias would have been avoided. BC, as the reference standard, appeared to have
been applied to patients equally in a way that both partial (work-up) bias and verification bias were
probably avoided. However, the reference standard was not always adequately described, including blood
sampling methods and the prevalence of defined contamination as a potential source of false-positive
culture results. BC results were often difficult to adjudicate by reviewers, with no clear standards of
reporting followed. The chance of misclassification when comparing the reference and index tests was
therefore thought to be likely, impacting on the derived diagnostic accuracy metrics. In some studies, it
was not clear how well the CE-marked protocol for SeptiFast real-time PCR had been followed, including
how blood samples had been stored/handled prior to assay delivery. Assay failure rates were rarely
reported. There was a universal lack of reported blinding of both reference standard and index tests such
that reviewers believed that incorporation bias was highly likely. Overall, reviewers agreed that none of the
included studies, as reported, met the standards for the reporting of diagnostic accuracy studies (STARD)
criteria in full,87 and in some cases there were significant deficiencies (see Figure 2).

Study characteristics and patient populations
Studies included patient cohorts from a wide range of age and settings (see Table 2) representing a total
of 5977 patients contributing 8547 episodes of suspected sepsis. The median prevalence of BC positivity in
this group of patients was 17% [interquartile range (IQR) 13–25%]. Lack of uniform reporting made it
difficult for reviewers to classify studies, with a variety of care settings, outcomes and alternative clinical
reference standards reported alongside the direct comparison of SeptiFast with BC results. However, our
external reviewers were able to identify age classes (neonate, child and adult), setting classes (emergency
department, hospital setting, and intensive/critical care) and a group of studies that focused on
haemato-oncology patients. In addition, studies were assigned a diagnostic evidence level III in each case.

Estimated summary diagnostic accuracy of SeptiFast
Figure 3 shows the coupled forest plots of sensitivity and specificity for each study and Figure 4 displays
the scatterplot in ROC space (plotting sensitivity against 1 – specificity for each study). Summary sensitivity
and specificity for SeptiFast compared with BC, estimated using the bivariate model method, were 68%
(95% CI 62% to 74%) and 86% (95% CI 84% to 89%), respectively, suggesting that a positive blood
test at genus/species level returned by SeptiFast in the setting of a patient with suspected sepsis could have
higher diagnostic value (rule in) than a negative test result (rule out) when compared with BC.

Exploration of subgroups
Subgroups were investigated and estimated pooled diagnostic accuracy metrics produced for each group.
Table 3 summaries these results and shows that in each case subgrouping did not explain any significant
amount of additional variation in sensitivity or specificity when compared with the overall models. There
were insufficient studies reporting solely in paediatric populations to allow analysis.
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FIGURE 4 Summary ROC with 95% confidence region (dotted) and 95% prediction region (dashed).

TABLE 3 Planned subgroup analyses

Subgroup Sensitivity, % (95% CI) Specificity, % (95% CI)

Interaction test for
subgroup differences

χ2 p-value

Analysis 1

Papers 68 (61 to 74) 88 (85 to 90) 4.3 0.12

Abstracts 69 (57 to 79) 81 (74 to 87)

Analysis 2

Emergency department 69 (50 to 84) 93 (86 to 97) 3.5 0.17

Other hospital setting 66 (59 to 72) 86 (83 to 89)

Analysis 3

ICU 64 (53 to 74) 83 (78 to 87) 5.8 0.06

Other hospital setting 68 (53 to 80) 89 (84 to 93)

Analysis 4

Haemato-oncology 67 (60 to 72) 86 (83 to 89) 2.5 0.29

All other patient groups 78 (63 to 88) 88 (79 to 93)

Analysis 5

Stated Roche involvement 69 (60 to 76) 88 (85 to 91) 2.3 0.32

Not stated 68 (60 to 75) 85 (80 to 88)
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Discussion

Our comprehensive systematic review was designed to help understand the estimated combined diagnostic
accuracy of SeptiFast real-time PCR in detecting and identifying bacterial and fungal pathogens in the
blood of patients with suspected sepsis. We included 37 studies reporting on a total of 8437 SeptiFast
tests when compared with BC.

Estimated combined results for sensitivity and specificity suggested that SeptiFast has a higher specificity
than sensitivity. For the health-care team, this implies that positive blood tests returned by SeptiFast at
pathogen genus/species level could have higher diagnostic utility (as a rapid rule-in test) than negative
results (as a rapid rule-out test), at least when compared with BC. The apparent confidence in this
statement is greater for specificity than sensitivity (see Figures 3 and 4) because the median event rate of
17% BC positivity for the studies means that the majority of reference tests performed were negative.

The interpretation of these combined diagnostic accuracy results is that negative SeptiFast tests could
reasonably be false negatives, explained in part by pathogens detected in BC that were not on the PCR
test panel. In addition, despite a higher estimated combined specificity, when compared with sensitivity,
the upper CI did not reach 90%. Specificity of SeptiFast real-time PCR, when compared with culture, will
be limited by the presence of false-positive results – a positive PCR in the setting of a negative BC. In some
studies, a proportion of these false-positive results were reported to be concordant with culture positivity
from samples other than blood, suggesting that in some cases of suspected sepsis a positive SeptiFast
result may reflect infection not detectable by BC. However, there are no clear explanations for these
false-positive and false-negative SeptiFast results because no systematic investigation has been undertaken
linking laboratory performance with clinical diagnostic accuracy. In addition, it remains extremely difficult
to speculate what implications these diagnostic accuracy results may have for direct clinical care because
SeptiFast does not report antibiotic sensitivity data (other than identifying the mecA gene, confirming
meticillin resistance following detection of Staphylococcus aureus) and there have been no systematic
interventional clinical trials reported to date on the efficacy and effectiveness of supplementing or
replacing BC with SeptiFast real-time PCR.

All diagnostic metrics were reported using BC as the reference standard. We accept that there could be
limitations to this standard, particularly in the setting of intercurrent antimicrobial therapy. However, we do
not know the full extent of this problem, or indeed whether studies have deliberately included or excluded
such patients. In addition, SeptiFast real-time PCR was developed to simultaneously detect and identify a
panel of the most common pathogens based on reported international BC surveillance data.29 Therefore,
in the absence of an internationally agreed approach to an alternative reference standard for pathogen
detection from blood samples at present, we believe that a culture-based reference standard provided the
most robust approach for this review and is consistent with methods used in our independent clinical
diagnostic accuracy study described in Chapter 3.

Our review identified diagnostic accuracy studies performed within routine clinical care. Clinical diagnostic
accuracy studies, in general, are challenging to perform well and often fall short in terms of study quality.
Our independent reviewers found a similar trend for these Phase III clinical diagnostic accuracy studies
reporting on SeptiFast real-time PCR compared with BC. When assessing the quality of study design
and reporting, significant deficiencies were discovered. For both papers and abstracts, the application of
the reference and index tests were the only elements that were reported consistently, raising significant
concern about the possible effects of numerous sources of inherent study bias on the derived summary
estimates of SeptiFast test performance. Indeed, the 95% prediction region in ROC space in Figure 4
shows considerable uncertainty about the likely true sensitivity and specificity of a future study.
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During the preparation of this review, another systematic review has reported on the diagnostic accuracy
performance of SeptiFast real-time PCR. Chang and colleagues used a basic keyword search strategy for
journal papers only, risking publication bias, and they included a number of studies that were judged not
to warrant inclusion in our own review on the basis of our inclusion criterion of ‘suspected sepsis’.88

It appears that Chang reported pooled estimates of sensitivity and specificity when comparing SeptiFast
real-time PCR with BC results as composite events, not at a genus/species level – a key feature of our own
review – which may have contributed to the improved diagnostic accuracy metrics reported in Chang’s
review.88 However, we would emphasise, based on our comprehensive systematic review reported here,
that clinical diagnostic studies in this field vary in quality with the real risk of biases that could impact
seriously on the reported estimates of summary diagnostic metrics. Despite the considerable international
effort in determining the likely diagnostic accuracy of SeptiFast real-time PCR in the setting of suspected
sepsis, we are not confident in the current body of evidence because of the weaknesses in study design
and reporting outlined in our systematic review. In particular, we do not agree with Chang and colleagues,
who state that:

in the presence of a positive SeptiFast result in a patient with suspected bacterial or fungal sepsis,
a clinician can confidently diagnose bacteremia or fungemia and begin appropriate antimicrobial
therapy, while forgoing unnecessary additional diagnostic testing.88

Furthermore, we do not agree that returning a negative SeptiFast result, even within a low-prevalence
population, ‘may justify withholding antibiotics’.88 Our views, evidenced by our systematic review presented
here, supports current international guidelines on diagnosis and treatment of sepsis which state that there
is limited clinical experience with non-culture-based diagnostic methods, such as real-time PCR, and that
high-quality clinical studies are needed before any firm recommendations can be made about their
potential utility.11

We recommend that future clinical studies incorporating SeptiFast should include well-designed
and -reported clinical diagnostic accuracy elements measured against all of the features of the STARD
criteria.87 Based on the evidence reviewed here, we are concerned that clinical decisions about treatment
interventions/adjustments (notably antimicrobial chemotherapy) based on SeptiFast real-time PCR results,
potentially delivered within hours of the suspicion of sepsis, could expose patients to risk because sepsis is
associated with high mortality and rapid appropriate antimicrobial choices are crucial for survival.11
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Chapter 3 Clinical diagnostic accuracy study of
rapid detection of sepsis-related health-care-associated
bloodstream infection in intensive care using
SeptiFast multipathogen real-time polymerase chain
reaction technology

Aim

The primary aims of this Phase III clinical diagnostic accuracy study, designed to meet all the features
of the STARD criteria,87 were to (i) determine the accuracy of a multipathogen real-time PCR technology
(SeptiFast) for detection and identification of sepsis-related health-care-associated bloodstream infection in
adult critical-care patients against the current service standard of microbiological BC and (ii) assess further
the preliminary evidence that detection of pathogen DNA in the bloodstream using SeptiFast real-time PCR
may have value in detecting the presence of culture-proven infection elsewhere in the body.

Methods

The detailed protocol for this study was approved by the Trial Steering Committee and published in
advance by NIHR HTA (www.nets.nihr.ac.uk/projects/hta/081316 and in open access).44

Study design and sample size
This Phase III, prospective clinical diagnostic accuracy study was originally designed to recruit from two tertiary
referral centres within the Greater Manchester Critical Care Network. This was predicated on a sample size
estimation89 based on laboratory records showing that an average of approximately 1200 requests for BC
were made in total from the critical care units of these two centres, and the results of a pilot study indicating
an event rate of culture-confirmed bloodstream infection of approximately 12% (95% CI 6% to 16%).62

Using these data, it was estimated that a minimum sample size of 600 patients would be required to be
95% sure that the molecular test had at least a 95% specificity and sensitivity when compared with a
culture-proven diagnosis. It was anticipated that the study, which commenced recruiting in August 2010,
could be delivered within a 2-year time frame.

Following a review of trial progress by the Trial Steering Committee in May 2011, two factors were
identified that necessitated modification of the original trial design. First, the observed event rate
(culture-confirmed bloodstream infection) appeared significantly lower (7.5%) than the mean value
given by the original pilot study (12%). It is speculated that this reduction was in part due to the adoption
of more effective infection control measures within trial sites since the time of trial inception, although
the observed rate does lie within the CI of the original pilot study. Based on the actual event rate of 7.5%,
a revised sample size estimation was performed, which indicated that a minimum of 972 patients would
be required to achieve the required precision. Considering the higher recruitment target and the need
to ensure timely delivery of the study, the Trial Steering Committee agreed a number of modifications to
the original trial protocol, including increasing the number of recruitment sites and repeat sampling
of recruited patients who develop a subsequent, new episode of suspected health-care-associated
bloodstream infection during their stay in the critical-care service. Details of all changes to the original
trial protocol are provided in the section Changes to study protocol.
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Given the increased sample size, and to ensure timely delivery of the study, two additional large NHS
teaching hospitals in the north-west of England were added, one in May 2011 and one in January 2012.

Participants

Inclusion criteria
Patients, aged 16 years or older, being managed in an intensive-care setting, and in whom there is a
clinical suspicion of bloodstream infection at least 48 hours after hospital admission or recent exposure to
hospital care. Clinical suspicion of bloodstream infection was based a priori on the presence of two
or more of the following SIRS criteria:11

l body temperature > 38 °C or < 36 °C
l heart rate above 90 beats per minute
l high respiratory rate (> 20 breaths per minute) or partial pressure of arterial blood carbon dioxide of

< 32mmHg for spontaneously breathing patients or requirement for mechanical ventilation
l white blood cell count ≤ 4000 cells/mm3 or ≥ 12,000 cells/mm3 or the presence of > 10%

immature neutrophils.

Exclusion criteria
Patients were excluded from the study if:

l they had already been recruited into the study unless they had developed a subsequent, new episode
of suspected health-care-associated bloodstream infection (see Changes to study protocol)

l they had been placed on an end-of-life care pathway
l they did not consent or, alternatively, assent from their next of kin or human capacity advocate was

not obtained.

All patient exclusions based on these criteria were recorded in a screening log held at each
recruitment site.

Identification and recruitment of participants
Potential participants were identified to the study research nurse by the critical care team as part of normal
clinical surveillance and assessed for inclusion in the trial on the basis of the criteria described in
Participants. Patient inclusion in the trial was based entirely on the clinical decision to perform a BC
because of suspected sepsis-associated bloodstream infection.

International guidelines for blood sampling for infection diagnosis in emergency care state that the sample
has to be taken within 1 hour of suspecting infection. Under these circumstances, only a minority of
patients had the capacity to provide consent at study commencement. The majority of potential
participants lacked capacity owing to a combination of overwhelming illness and therapeutic interventions
such as sedation. In these patients, a process of deferred assent was adopted, in which permission for
inclusion in the trial was sought from family members/friends (consultees). The formal assent process
included a consultee information sheet, a formal interview by the clinical research team and signed assent.
Patients were not recruited where the designated consultee indicated his or her belief that it was likely to
be against the wishes of the patient. Under such circumstances, and where a research blood sample had
already been taken, the sample was removed from the study and destroyed. In the unlikely event that
consultees could not be located within 72 hours, the option to approach an appropriate designated
independent human capacity advocate was exercised or the patient was removed from the study and
any samples were destroyed. In cases where a participant regained capacity during their acute care
hospitalisation, informed consent for inclusion in the study was sought. The patient/consultee information
sheets and consent/assent forms used in the study are reproduced in Appendices 4–9.
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Laboratory-confirmed diagnosis of bloodstream infection
(reference standard)
A consensus definition of bloodstream infection was utilised,90 specifically a diagnosis of laboratory
culture-confirmed bloodstream infection required at least one of the following criteria to be met:

l Criterion 1 Patient has a recognised pathogen cultured from one or more BCs.
l Criterion 2 Patient has systemic signs of infection (defined as meeting the SIRS criteria in the present

study – see Participants, Inclusion criteria) and a common skin contaminant (diphtheroids, Bacillus
species, Propionibacterium species, CoNS or micrococci). Contamination of the BC was defined with
these common skin species outwith criterion 2.

Having identified a patient as eligible to take part in the study, two blood samples of approximately 20ml
each were taken sequentially from two separate sites, using an NHS-approved aseptic non-touch technique
(www.antt.org.uk), by suitably trained clinical service staff. This blood was inoculated into two paired
culture bottles, labelled and processed in line with standard clinical practice at the participating hospitals.
Blood drawn from in-dwelling catheters was avoided for the purposes of BC and associated SeptiFast
real-time PCR analysis. BCs entered the standard clinical pathway at the recruitment centres, with results
returned direct to the clinical service in each case.

Microbiology laboratory procedures including blood collection and processing, automated culture using
the BacT/ALERT® microbial detection system (bioMérieux UK Ltd, Basingstoke, Hampshire, UK), and
identification and sensitivity testing of isolates were undertaken by qualified microbiology service staff
subject to quality assurance through the Clinical Pathology Accreditation scheme at each recruitment site.

Research blood samples
A research sample of blood (≤ 30ml) over and above that required for routine clinical investigation was
taken at the same time. The same procedure as sampling for microbiological culture analysis
[see Laboratory-confirmed diagnosis of bloodstream infection (reference standard)] was used. The blood
sample was divided into sterile Monovette® tubes (Sarstedt Ltd, Beaumont Leys, Leicester, UK) containing
ethylenediaminetetraacetic acid (EDTA) (≤ 20ml total) for SeptiFast real-time PCR analysis of pathogen
DNA (the index test) and other assays requiring whole blood, or lithium–heparin (≤ 10ml) for subsequent
plasma isolation and analysis of circulating protein biomarkers. Blood samples were stored for up to
72 hours in a locked fridge within the critical care unit, prior to transport to the Salford Royal Biomedical
Facility research laboratories for further processing and analysis. Collection and transportation of samples
was co-ordinated by the research nurse at each recruitment site such that a maximum storage time of
72 hours at 4 °C prior to analysis and/or freezing was not exceeded. Details of the timing of sample
collection, length of storage prior to transportation, plasma isolation and further processing in the research
laboratory were recorded for all samples to facilitate quality-assurance measures for analysis.

Recording of clinical information
All potential participants who met the study inclusion criteria were identified in a screening log at each
study centre. Each patient included in the study was given a unique study identification number (ID).
Any immediately identifiable patient details were recorded once on the patient’s identification form.
Following assignment of the study ID, a case record form (CRF) was opened and the ID number copied
to all pages in the CRF (see Appendix 10). The CRF containing the ID number was then treated as a
confidential document subject to the data management procedures of the study sponsor [Salford Royal
NHS Foundation Trust (SRFT)]. The CRF contained seven sections which recorded all the clinical information
required for completion of the study, and acted as points of reference for the research nurse to ensure all
clinical study stages were complete. These were:

1. Recruitment: required confirmation that the study participant met the inclusion criteria and summarised
the patient’s admission details including the last 7 days.
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2. Trial sample data: summarised the sample data allowing tracking of the sample from the site from
which it was taken to transportation to the research laboratory.

3. Assent/consent: acted as a checklist and point of reference for the acquisition of consent or assent.
4. Patient observations:

i. Day 0 (sample day) – recorded a snapshot of the patient’s clinical condition and treatment at the
time the sample was taken. This included general and specific infection-based clinical observations,
calculation of the critical-care minimum data set and a focused overview of the previous 7 days.

ii. Antibiotics – record of any antibiotics given from 7 days prior to the sample being taken through to
study day 6.

iii. Microbiology results – a record of any microbiology results from the sample day and from the
previous 7 days.

5. Patient surveillance: provided a continuous record of relevant patient care up to and including study
day 6. This included any significant clinical events, general observations and calculation of critical-care
minimum data set.

6. Patient surveillance summary: detailed the patient’s outcome and any study-related adverse incidents.
This section is also concluded with a signature of completion by the research nurse.

7. Clinical adjudication: utilised the criteria set out in the prevalence survey of health-care-associated
infections90 to conclude and summarise the clinical opinion regarding each suspected infection episode.
As agreed with the Trial Steering Committee, this adjudication was performed in each participating
centre by two senior clinical practitioners, at least one of whom had governance responsibility for
observing and reporting health-care-associated infection within their clinical service. No between-centre
adjudication was performed as this pragmatic clinical accuracy study was designed to observe routine
clinical practice (Phase III diagnostic study).

LightCycler SeptiFast (index test)
The procedures for pathogen DNA extraction, multipathogen PCR, and subsequent data analysis and
pathogen identification set out in the SeptiFast CE-marked kit were followed precisely using standard
operating procedures authorised by the Trial Steering Committee (see Appendices 12–14).

The SeptiFast real-time PCR test was undertaken primarily by one laboratory scientist with a second
providing back-up; both were required to complete a formal training programme provided by the
manufacturer prior to the start of the trial.

To ensure the validity of the data, the SeptiFast system contains several built-in quality assurance processes
including an internal control (IC) consisting of synthetic double-stranded DNA with primer binding sites
that are identical to those of the target sequences but which bind to different sites on the probe molecule,
allowing differentiation of IC amplicons from target-specific amplicons. The IC controls for the efficiency
of pathogen DNA extraction and/or the efficiency of the PCR reaction. To minimise contamination,
procedures for pathogen DNA extraction and PCR assay set-up were undertaken in separate sterile
cabinets within a dedicated laboratory. Similarly, the LightCycler 2.0 instrument used to run the SeptiFast
real-time PCR reactions was housed in a different laboratory. Microorganisms on the SML (see Table 1)
were identified from characteristic peaks produced by the SeptiFast Identification Software and manual
analysis of melting temperature (Tm) values. To minimise operator error at the analysis stage, data from
SeptiFast real-time PCR runs were analysed by two independent operators.

DIAGNOSTIC ACCURACY OF SEPTIFAST PCR IN HEALTH-CARE-ASSOCIATED BLOODSTREAM INFECTION

NIHR Journals Library www.journalslibrary.nihr.ac.uk

22



SeptiFast real-time PCR results were not returned to clinical service and were not associated with any
clinical or culture information until completion of the data collection and completion of the clinical
adjudication for infection. The Salford Royal Biomedical Facility research laboratories are physically and
operationally separate from routine clinical service, allowing data and/or information originating from
research and clinical service to be double blinded during the study.

Blood collected in lithium-heparin tubes
A 10-ml plasma sample was stored at –80 °C and used for subsequent analyses of circulating
immune-inflammatory biomarkers.

C-reactive protein
In the majority of recruited cases, C-reactive protein (CRP) was measured in serum by the pathology
service as part of clinical diagnostic evaluation of patients with suspected bloodstream infection. In cases
where these analyses had not been performed, plasma CRP was measured after suitable dilution using a
commercial sandwich enzyme immunoassay (Human CRP Quantikine ELISA, R&D Systems, Abingdon, UK).
The measurement range of the assay is 0.78–50 ng/ml. Comparison of serum and plasma CRP values
showed a similar distribution across the study cohort suggesting that both measures were equally valid.

Procalcitonin
Plasma procalcitonin (PCT) levels were measured by the research team using a commercially available
enzyme-linked fluorescent assay (VIDAS® B.R.A.H.M.S. PCT™, bioMérieux, Marcy l’Etoile, France).
The assay is a one-step sandwich immunoassay using anti-human PCT antibodies conjugated with
alkaline phosphatase and combined with a fluorescence detection system. The assay has a measurement
range of 0.05–200 ng/ml, with a functional detection limit of 0.09 ng/ml.

Research staff undertaking these analyses followed standard operating procedures for the receipt,
processing and storage of blood samples, analytical testing, and the reporting and security of data. All
analytical tests used in this study were performed by experienced laboratory staff following the detailed
instructions provided by the manufacturers.

Data analysis plan
Summary diagnostic accuracy measures were derived using StatsDirect statistical software version 2.7.8
(StatsDirect Ltd, Altrincham, UK) and reported for the SeptiFast real-time PCR test compared with
laboratory culture-proven bloodstream infection, including sensitivity, specificity, predictive values and
likelihood ratios, including 95% CIs. A similar analysis was also planned a priori using an ‘enhanced
reference standard’, which was defined as any positive culture in blood and/or cultures from other
specimens occurring 48 hours either side of the primary research blood samples which contributed to any
independent, adjudicated infection episode identified 48 hours either side of the primary blood sample.
In this enhanced definition we also included laboratory culture-proven central venous or arterial line
colonisation based on semiquantitative cultures. Analyses of diagnostic accuracy measures were performed
for each participating hospital separately – except hospital 4 because of the small numbers involved – and
for all participating hospitals combined. It was assumed, based on the blinded clinical adjudication at
each centre, that the repeated episodes, if present, represented independent events and could be treated
as if they had been obtained from separate participants. In addition, Chapter 4 reports the results of
sensitivity analyses performed to investigate the possibility that BC may not be an adequate reference
standard for infection diagnosis in these critically ill patients including analyses using instrumental
variables91 such as clinically relevant cultures from other body sites, circulating immune-inflammatory
biomarkers (e.g. CRP and PCT) and patient treatment/response factors including antimicrobial therapy.

DOI: 10.3310/hta19350 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 35

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Warhurst et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

23



Sample and data security

Clinical samples
Detailed procedures were in place for the recording, labelling and tracking of clinical samples in the clinical
and laboratory environments. Each sample was anonymised by labelling with a unique identifier number
that remained with the sample throughout the subsequent laboratory analysis and storage procedures.
The laboratory research team conducting the PCR and other assays were blinded from all microbiological
culture data and clinical practice. Standard procedures were put in place for transporting samples from
the clinic to the laboratory. On receipt, a laboratory case record form (LCRF) was opened for each patient
sample. The LCRF contained the unique study ID number recorded in the clinical CRF to allow cross
referencing of clinical and laboratory data on completion of study recruitment. Information including
sample volumes, processing times for plasma isolation, sample storage location and results of laboratory
analyses was recorded in the LCRF.

Laboratory processing and storage of research samples was undertaken in the Salford Royal Biomedical
Facility research laboratories at SRFT, which is a secure facility with restricted access that meets regulatory
requirements under the Human Tissue Act.92 Sample storage (where required) was in dedicated –80 °C
freezers, which were fully alarmed with manual and automatic monitoring systems in place and fitted with
carbon dioxide back-up in the event of mechanical failure. All stored whole blood and plasma samples will
be destroyed at the end of a 5-year period as agreed as part of ethics review.

Data
Anonymised clinical and laboratory data for each patient were recorded in the CRF and LCRF forms
respectively. Completed forms were photocopied once and stored in a locked filing cabinet in a secure
location at each recruitment site. Electronic data (e.g. SeptiFast real-time PCR data) were stored in a
password-protected folder with electronic back-up to an encoded portable hard drive on the last working
day of the month. Paper copies of key electronic data were also stored as above.

Serious adverse events
The procedure of collecting an additional blood sample during routine sampling for BC analysis is not
usually associated with any significant increased risk to patients or their carers. Standard operating
procedures were in place to cover all aspects of blood sampling, storage, transportation and laboratory
analysis to ensure no significant risk to any of the research staff associated with the study. During the
period of clinical data monitoring (7 days), any serious adverse event reported within each recruitment
centre’s statutory reporting system was reported to the trial sponsor by the principal investigator at each
site in association with the chief investigator.

Regulatory/ethical approval
The opinion of the Medicines and Healthcare products Regulatory Agency was that this study did not require
its formal approval on the basis that it involved observation of the performance of a CE-marked assay
during routine clinical care and that the results of the test were not used to influence clinical care. The study
received favourable ethical opinion from the North West 6 Research Ethics Committee (reference number
09/H1003/109). Research and development (R&D) approval was granted by the study sponsor [SRFT;
study reference 2009/215ETt (25733/GM)] and conduct of the study was monitored regularly within their
research governance framework. During the course of the study, several substantial amendments to the trial
protocol were put forward for ethics approval; these are detailed in the following section, Changes to
study protocol.

Changes to study protocol
Four amendments to the original trial protocol approved by the North West 6 Research Ethics Committee
on 14 December 2009 were made. These were agreed by the Trial Steering Committee prior to seeking
ethical approval.
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The first amendment, on 22 July 2010, dealt with the issue of consenting with potential participants who
had capacity at study commencement and with participants who regained capacity during their acute care
hospitalisation and were able to provide retrospective consent. The appropriate participant information
sheets and consent forms approved for these situations are provided in Appendices 6–9.

The second amendment, on 15 November 2010, changed the wording in the study documentation to
widen the scope of recruitment of patients with suspected health-care-associated bloodstream infection
from ‘intensive-care’ to ‘critical care’ areas within the participating hospitals. This was to take account of
local differences in definitions of intensive care and critical care areas where critically ill patients were
normally cared for in the participating hospitals and did not change the principal inclusion criteria set out
in the original study protocol.

The third amendment, on 11 April 2011, concerned the resampling of patients already recruited into the
study who subsequently went on to develop a suspected new, separate episode of health-care-associated
bloodstream infection. Based on data from local clinical audit, approximately 25% of patients recruited to
the trial were likely to develop further episodes of suspected infection occurring some days later during
their stay in critical care. Permission was requested to include these patients in the study as a new case of
suspected infection requiring a further 25–30ml research blood sample to be taken alongside the routine
BC. Following approval of the amendment, the possibility of resampling was raised with the consultee/
potential participant at the time of recruitment and included in the written information given.

The fourth amendment, on 27 February 2012, related to the change in total recruitment from 600 to
972 participants based on the revised sample size calculation described in Study design and sample size.

Trial Steering Committee
A Trial Steering Committee was appointed to provide oversight to the study by the NIHR HTA programme.
The committee included an independent chairperson, an independent member with expertise in molecular
diagnostics of infection and representation from patients at risk of bloodstream infection and recovering
from critical illness, the investigators and the trial sponsor. Meetings were held throughout the study to
oversee progress and adherence to regulatory and governance research frameworks within the NHS
including authorisation of amendments to the trial protocol.

Peer review, funding and study monitoring
This study was extensively peer reviewed as part of the funding process by the NIHR HTA programme
(grant number 08/13/16). An independent Trial Steering Committee approved the study protocol, monitored
its progress and reviewed and approved any study amendments. SRFT R&D service were study sponsors.

Results

Recruitment
A total of 1006 new consecutive episodes of suspected health-care-associated bloodstream infection,
where simultaneous blood samples were taken for analysis by the reference and index tests, from
853 patients were recruited into the study based on confirmed consent/assent from the four recruitment
centres (Figure 5). Recruitment commenced in August 2010 in two centres; the third and fourth centres
commenced recruitment in May 2011 and January 2012 respectively. The end date for recruitment from all
centres was 31 January 2013. Analyses were performed on 922 episodes (91.7%) from 795 patients;
the distribution of analysed episodes across the four centres is shown in Table 4.
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Exclusions from the analyses
Eighty-four episodes (8.3%) were excluded from the analysis for the reasons detailed below. The site
distribution of excluded samples is shown in Table 4.

Clinical factors
Fifteen episodes (1.5%) were excluded on the basis of factors identified at sample adjudication. Eight
episodes were withdrawn because the patient did not meet the stated inclusion criteria, three were
withdrawn because no BC sample was received by the microbiology laboratory and four were withdrawn
owing to incomplete recording of clinical information in the CRF.

Research laboratory factors
Sixty-nine episodes (6.9%) were excluded owing to failure of the SeptiFast real-time PCR assay. The majority of
these (56 episodes; 5.5%) resulted from failures in the assay IC which persisted when the failed sample was
re-analysed as advised in the CE-marked assay instructions. A further 14 samples that recorded IC failure on
first analysis produced a valid PCR result on reanalysis. In each case samples returned a valid negative result for
SeptiFast real-time PCR; these samples were included in the final data analysis. The remaining 13 episodes were
excluded as a result of failure in the PCR assay reagent control (six episodes; 0.6%), or other laboratory issues
(seven episodes; 0.7%) including the presence of contamination in the PCR-negative control, or loss of the
pathogen DNA extract during sample processing. In these cases, it was not possible to reanalyse owing to
expiry of the 72-hour time limit for sample processing (as mandated in the SeptiFast real-time PCR CE-marked
instructions). PCR assay failure was not related to laboratory-confirmed diagnosis of bloodstream infection and
missing SeptiFast results were assumed to be missing completely at random and therefore not a source of bias
in the reported analyses. This is supported by comparison of the patient demographics for samples excluded
due to laboratory factors with those of the analysed episodes (see Appendix 15).

TABLE 4 Numbers recruited and analysed by hospital site

Hospital site

OverallSite 1 Site 2 Site 3 Site 4

Total patient recruitment 398 301 142 12 853

Total episode recruitment 481 343 170 12 1006

Episodes withdrawn from analysis

Clinical issues

Inclusion criteria not met 1 5 2 0 8

BCs lost 0 3 0 0 3

Lack of clinical information 4 0 0 0 4

Assay failures

Reagent control failure 2 4 0 0 6

IC failure 26 19 11 0 56

Other reasons 2 3 2 0 7

Analysed episodes 446 309 155 12 922
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Patient cohort
Of the 922 new episodes of suspected sepsis-related health-care-associated bloodstream infection,
60% occurred in male patients, which is typical of current national critical care in the UK.93 The median
age of patients was 58 years (IQR 45–68 years) compared with 70–74 years from national statistics
during this period.93 The gender (Figure 6) and age (Figure 7) distributions relating to patient episodes
were similar across the recruitment sites. Patients were exposed to a median of 8 days (IQR 4–16 days)
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of hospital care prior to each of the suspected sepsis episodes (Figure 8), which is longer than the median
stay in critical care during this period nationally.93 The range and number of patients recorded by
primary specialty are shown in Table 5, suggesting an inclusive, generalisable study cohort. The number
of organ support activities was captured at the time of blood sampling using the Critical Care Minimum
Data Set (CCMDS) national reporting system, the ranges of which are shown for the whole episode cohort
and for each centre in Figure 9.94 These data show that our patient cohort was receiving far more organ
support interventions than was recorded nationally during this period, where nationally two-thirds of
patients receive two or fewer organ support interventions and 11% have no documented organ support.93

Survival to 28 days was 87% (95% CI 84% to 89%) and to hospital discharge was 79% (95% CI 77%
to 83%) (Figure 10). These outcomes compare favourably with national audit figures for sepsis
outcomes and for critical care more generally.95 Of note, the vast majority of patients (86%) were
receiving antimicrobial and/or, on occasion, antiviral pharmaceutical therapies, within the 48 hours prior
to the suspected new sepsis episode (Figures 11–13). Antimicrobial drugs were often delivered in
combinations and included the most potent, broad-spectrum antibiotics available, usually reserved for
hard-to-treat infections.
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TABLE 5 Number of patients contributing suspected sepsis episodes recorded by primary specialty

Specialty Number of patients

Surgery

General surgery 97

Colorectal surgery 30

Hepatobiliary and pancreatic surgery 23

Upper gastrointestinal surgery 52

Vascular surgery 28

Trauma and orthopaedics 17

Ear, nose and throat 3

Maxillofacial surgery 9

Plastic surgery 3

Burns care 7

Cardiothoracic surgery

Cardiothoracic surgery 31

Cardiac surgery 17

Thoracic surgery 18

Cardiothoracic transplantation 3

Neurosurgery 113

Medical

General medicine 32

Critical-care medicine 148

Gastroenterology 28

Endocrinology 5

Hepatology 4

Cardiology 6

Respiratory medicine 19

Genitourinary medicine 9

Nephrology 31

Medical oncology 3

Neurology 6

Rheumatology 1

Care of the elderly 1

Haematology

Clinical haematology 86

Blood and marrow transplantation 8

Obstetrics and gynaecology

Obstetrics 1

Gynaecology 7

Others 7

Total 853
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FIGURE 9 Organ support activities for patients when a new sepsis episode was suspected. (a) All sites; (b) site 1;
(c) site 2; (d) site 3; and (e) site 4. Distribution of activities is shown for individual sites (sites 1–4) and combined for
all sites, and is an ordinal scale representing organ support therapy over seven organ systems with a possible score
range of 0–9 because cardiovascular and respiratory includes a level of organ support from 0 to 2.94
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FIGURE 10 Survival to (a) 28 days and (b) hospital discharge: combined (all sites) and individual (sites 1–4) site data
are shown.
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FIGURE 11 Application of antimicrobial/antiviral therapy prior to blood sampling. Data show the percentage of
analysed episodes in which antimicrobial or antiviral therapy was commenced within the 48 hours prior to blood
sampling for culture and SeptiFast real-time PCR.
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percentage of the total analysed episodes for all sites combined and for individual sites and show the numbers of
drugs administered within the 48 hours prior to blood sampling for culture and SeptiFast real-time PCR. Site 4 data
are not shown separately because of the small number of episodes (n= 12) contributed but are included in the
all-sites analysis.
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FIGURE 13 Most common antimicrobial/antiviral drugs administered. (a) All sites; (b) site 1; (c) site 2; (d) site 3; and
(e) site 4. Figure shows the most common drugs used for all sites combined and individual sites. Data are shown as
a percentage of the total analysed episodes for drugs administered within the 48 hours prior to blood sampling for
culture and SeptiFast real-time PCR. (continued )

DIAGNOSTIC ACCURACY OF SEPTIFAST PCR IN HEALTH-CARE-ASSOCIATED BLOODSTREAM INFECTION

NIHR Journals Library www.journalslibrary.nihr.ac.uk

34



30
(c)

25

20

A
n

ti
m

ic
ro

b
ia

l u
sa

g
e 

(%
 o

f 
to

ta
l)

15

10

5

0
MicafunginVancomycinGentamicinFluconazoleClarithromycinMetronidazoleAciclovirMeropenem Co-amoxiclavPiperacillin-

tazobactam

30
(d)

25

20

A
n

ti
m

ic
ro

b
ia

l u
sa

g
e 

(%
 o

f 
to

ta
l)

15

10

5

0
CiprofloxacinSeptrinFluconazoleMetronidazoleCo-amoxiclavAciclovirVancomycinGentamicinMeropenemPiperacillin-

tazobactam

30
(e)

25

20

A
n

ti
m

ic
ro

b
ia

l u
sa

g
e 

(%
 o

f 
to

ta
l)

15

10

5

0
Piperacillin-
tazobactam

Meropenem Clarithromycin Teicoplanin Benzylpenicillin Flucloxacillin Gentamicin

FIGURE 13 Most common antimicrobial/antiviral drugs administered. (a) All sites; (b) site 1; (c) site 2; (d) site 3; and
(e) site 4. Figure shows the most common drugs used for all sites combined and individual sites. Data are shown as
a percentage of the total analysed episodes for drugs administered within the 48 hours prior to blood sampling for
culture and SeptiFast real-time PCR.
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Patients studied in this report were included if a new sepsis episode was suspected, defined by clinical
criteria. Circulating CRP and PCT concentrations were measured at the time of each suspected new sepsis
episode and are reported in Figure 14. For all sites combined, the mean concentrations of CRP and PCT
were 160mg/l (95% CI 152.3 to 167.6mg/l) and 7.75 ng/ml (95% CI 6.12 to 9.39 ng/ml) respectively.
These data strongly suggest that our patient cohort had objective evidence of systemic inflammation at the
time of blood sampling.7 No serious adverse incidents involving patients or staff were reported that were
attributable to the research protocol as implemented.
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FIGURE 14 Circulating (a) CRP and (b) PCT levels in the study population: combined (all sites) and individual
(sites 1–4) site data are shown; data represent mean± 95% CI for each biomarker. Total numbers analysed for CRP
and PCT at all sites were 898 and 877 respectively.
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Clinical diagnostic accuracy metrics

SeptiFast versus culture-proven bloodstream infection
(patient episode metrics)
Concordance of the 922 suspected episodes between SeptiFast real-time PCR and BC results is reported in
Table 6 and summary diagnostic metrics in Table 7. These results take no account of concordance at a
pathogen-species level. Overall prevalence of culture-proven bloodstream infection was 8.7% (95% CI 6.9%
to 10.7%), with variation across sites. Site variation is most likely to be explained, at least in part, by
differences in case mix and prior antimicrobial use in patient cohorts. Summary metrics of specificity were
greater than sensitivity across sites, with overall sensitivity of 58.8% (95% CI 47.2% to 69.6%) and
specificity of 88.5% (95% CI 86.1% to 90.6%), suggesting that SeptiFast real-time PCR may have better
diagnostic rule-in potential than rule-out potential. However, the likelihood ratio of a positive test overall was
only 5.1 (95% CI 3.9 to 6.6), resulting in a post-test probability following a positive SeptiFast test of 32%
(95% CI 25.1% to 40.9%). Therefore the probability of a patient having a culture-proven bloodstream
infection following a positive SeptiFast test would not be greater than 41% – a low level to confidently rule in
a diagnosis. In addition, the likelihood ratio of a negative test was only 0.47 (95% CI 0.36 to 0.61), resulting
in a post-test probability following a negative SeptiFast test of 4.2% (95% CI 2.9% to 5.9%). Therefore, the
probability of a patient having a culture-proven bloodstream infection following a negative SeptiFast test
would be no more than 5.9%. This relatively low probability appears a potentially attractive rule-out test, but
given the crucial importance of delivering appropriate antibiotics to patients with sepsis, this level of
probability may be inadequate to confidently exclude a diagnosis.

TABLE 6 Episode concordance between SeptiFast real-time PCR and BC

BC positive BC negative Total

SeptiFast positive 47 97 144

SeptiFast negative 33 745 778

Total 80 842 922

Table shows combined data for all sites (1–4).

TABLE 7 Summary of diagnostic accuracy measures: episode concordance for SeptiFast real-time PCR vs. BC

Measure All sites Site 1 Site 2 Site 3

Prevalence (%) (95% CI) 8.7 (6.9 to 10.7) 11.0 (8.2 to 14.3) 4.2 (2.3 to 7.1) 12 (7.0 to 17.7)

Sensitivity (%) (95% CI) 58.8 (47.2 to 69.6) 57.1 (42.2 to 71.2) 53.8 (25.1 to 80.8) 66.7 (41.0 to 86.6)

Specificity (%) (95% CI) 88.5 (86.1 to 90.6) 92.9 (90 to 95.3) 87.2 (82.8 to 90.8) 80.3 (72.6 to 86.6)

Likelihood ratio (+) (95% CI) 5.1 (3.9 to 6.6) 8.1 (5.3 to 12.5) 4.2 (2.3 to 7.5) 3.4 (2.1 to 5.4)

Likelihood ratio (–) (95% CI) 0.47 (0.36 to 0.61) 0.46 (0.33 to 0.64) 0.53 (0.29 to 0.95) 0.42 (0.22 to 0.80)

Odds ratio (95% CI) 10.9 (6.7 to 17.9) 17.6 (8.9 to 34.7) 7.9 (2.6 to 23.8) 8.2 (2.9 to 22.9)

Positive predictive
value (%) (95% CI)

32.6 (25.1 to 40.9) 50.0 (36.3 to 63.7) 15.6 (6.5 to 29.5) 30.8 (17.0 to 47.6)

Negative predictive
value (%) (95% CI)

95.8 (94.1 to 97.1) 94.6 (91.9 to 96.6) 97.7 (95.1 to 99.2) 94.8 (89.1 to 98.1)

–, Negative test; +, positive test.
Combined (all sites) and individual site analyses (sites 1–3) are shown. Site 4 data are not shown separately due to the small
number of episodes (n= 12) contributed, but are included in the all-sites analysis.
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SeptiFast versus culture-proven bloodstream infection
(pathogen concordance metrics)
Concordance of the 956 suspected episodes (i.e. allowing for more than a single pathogen per blood
sample), including pathogen concordance, between SeptiFast and BC results is reported in Table 8 and
summary diagnostic metrics in Table 9. These results take account of concordance at a pathogen-species
level and represent more comparisons than at an episode level because PCR and/or culture may return
more than one pathogen in a blood specimen associated with each patient episode. Overall prevalence of
culture-proven pathogens in association with bloodstream infection was 9.2% (95% CI 7.4% to 11.2%),
with variation across sites. Site variation is likely to be related to differences in case mix and prior
antimicrobial use in patient cohorts. Summary diagnostic accuracy metrics of specificity were greater
than sensitivity across sites, with overall sensitivity of 50% (95% CI 39.1% to 60.8%) and specificity of
85.8% (95% CI 83.3% to 88.1%), suggesting that SeptiFast may have better diagnostic rule-in potential
than rule-out potential. Both sensitivity and specificity were slightly lower than those returned at an episode
level, explained by an imperfect concordance when comparing pathogen species. The likelihood ratio of
a positive test overall was only 3.5 (95% CI 2.7 to 4.5), resulting in a post-test probability following a
positive SeptiFast test of 26.3% (95% CI 19.8% to 33.7%). Therefore, the probability of a patient having
a culture-proven bloodstream infection following a positive SeptiFast test would not be greater than 34% – a
low level to confidently rule in a diagnosis. In addition, the likelihood ratio of a negative test was only 0.69
(95% CI 0.50 to 0.73), resulting in a post-test probability following a negative SeptiFast test of 5.6% (95% CI
4.1% to 7.4%). Therefore, the probability of a patient having a culture-proven bloodstream infection
following a negative SeptiFast test would be no more than 7.4%. This relatively low probability appears a
potentially attractive rule-out test, but given the crucial importance of delivering appropriate antibiotics in
patients with sepsis, this level of probability appears too risky to confidently rule out a diagnosis.

TABLE 8 Pathogen concordance between BC and SeptiFast real-time PCR

BC positive BC negative Total

SeptiFast positive 44 123 167

SeptiFast negative 44 745 789

Total 88 868 956

Table shows combined data for all sites (1–4).

TABLE 9 Summary of diagnostic accuracy measures: pathogen concordance for SeptiFast real-time PCR vs. BC

Measure All sites Site 1 Site 2 Site 3

Prevalence % (95% CI) 9.2 (7.4 to 11.2) 11.8 (9.0 to 15.1) 4.4 (2.4 to 7.3) 11.4 (7.0 to 17.2)

Sensitivity % (95% CI) 50.0 (39.1 to 60.8) 50.0 (36.1 to 63.9) 50.0 (23.0 to 77.0) 47.4 (24.5 to 71.1)

Specificity (%) (95% CI) 85.8 (83.3 to 88.1) 91.3 (88.2 to 93.9) 85.2 (80.6 to 89.0) 74.3 (66.5 to 81.2)

Likelihood ratio (+) (95% CI) 3.5 (2.7 to 4.5) 5.8 (3.8 to 8.6) 3.4 (1.7 to 5.5) 1.84 (1.0 to 2.9)

Likelihood ratio (–) (95% CI) 0.69 (0.50 to 0.73) 0.55 (0.40 to 0.70) 0.59 (0.31 to 0.86) 0.71 (0.42 to 0.99)

Odds ratio (95% CI) 6.1 (3.7 to 9.8) 10.5 (5.3 to 20.8) 5.7 (1.6 to 20.0) 2.6 (0.9 to 7.7)

Positive predictive
value (%) (95% CI)

26.3 (19.8 to 33.7) 43.6 (31.0 to 56.7) 13.5 (5.6 to 25.8) 19.2 (9.2 to 33.3)

Negative predictive
value (%) (95% CI)

94.4 (92.6 to 95.9) 93.2 (90.2 to 95.5) 97.4 (94.6 to 98.9) 91.7 (85.2 to 95.9)

–, Negative test; +, positive test.
Combined (all sites) and individual site analyses (sites 1–3) are shown. Site 4 data are not shown separately due to the small
number of episodes (n= 12) contributed, but are included in the all-sites analysis.
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SeptiFast versus enhanced reference standard (patient episode metrics)
Concordance of the 922 suspected episodes between SeptiFast and the enhanced reference standard which
takes into account the addition of other potential culture-proven sites is reported in Table 10 and summary
diagnostic metrics in Table 11. These results take no account of concordance at a pathogen-species level.
Overall prevalence of culture-proven enhanced reference standard was 29% (95% CI 26% to 32%),
again with variation across sites, which is likely to be related to differences in case mix and prior antimicrobial
use. Summary metrics of specificity were greater than sensitivity across sites, with overall sensitivity of 31.1%
(95% CI 25.6% to 37.0%) and specificity of 90.8% (95% CI 88.3% to 92.9%), suggesting that SeptiFast may
have better diagnostic rule-in potential than rule-out potential when compared with the enhanced reference
standard. Comparing Table 6 with Table 10 shows that introducing an enhanced reference standard is
associated with a shift from false positives with BC alone (33% of all PCR positives in Table 6) to true positives
(58% of all PCR positives in Table 10), but at the cost of a sizeable increase in false negatives. The likelihood
ratio of a positive test overall was only 3.4 (95% CI 2.5 to 4.6), resulting in a post-test probability following
a positive SeptiFast test of 58.3% (95% CI 49.8% to 66.5%). Therefore, the probability of a patient having a
culture-proven infection following a positive SeptiFast test would not be greater than 67% – a low level to
confidently rule in a diagnosis. In addition, the likelihood ratio of a negative test was only 0.76 (95% CI 0.70
to 0.83), resulting in a post-test probability following a negative SeptiFast test of 23.9% (95% CI 20.9% to
27.1%). Therefore, the probability of a patient having a culture-proven infection following a negative SeptiFast
test could be as high as 27.1% – an unacceptable level to confidently rule out a diagnosis.

TABLE 10 Episode concordance between SeptiFast real-time PCR and the enhanced reference standard

Culture positive Culture negative Total

SeptiFast positive 84 60 144

SeptiFast negative 186 592 778

Total 270 652 922

Table shows combined data for all sites (1–4). Enhanced reference standard is defined as any positive culture in blood and/or
cultures from other specimens including culture-proven central venous or arterial line colonisation occurring 48 hours either
side of the primary blood sample.

TABLE 11 Summary of diagnostic accuracy measures: episode concordance for SeptiFast real-time PCR vs. the
enhanced reference standard

Measure All sites Site 1 Site 2 Site 3

Prevalence (%) (95% CI) 29.0 (26.0 to 32.3) 26.0 (22.0 to 30.1) 25.0 (20.0 to 30.5) 45.0 (37.0 to 53.3)

Sensitivity (%) (95% CI) 31.1 (25.6 to 37.0) 33.0 (24.6 to 42.4) 23.1 (14.3 to 34.0) 34.3 (23.3 to 46.6)

Specificity (%) (95% CI) 90.8 (88.3 to 92.9) 94.6 (91.5 to 96.7) 88.3 (83.5 to 92.2) 82.4 (72.6 to 89.8)

Likelihood ratio (+) (95% CI) 3.4 (2.5 to 4.6) 6.1 (3.6 to 10.2) 2.0 (1.2 to 3.4) 1.9 (1.1 to 3.4)

Likelihood ratio (–) (95% CI) 0.76 (0.70 to 0.83) 0.71 (0.62 to 0.81) 0.87 (0.77 to 0.92) 0.80 (0.66 to 0.97)

Odds ratio (95% CI) 4.5 (3.1 to 6.4) 8.6 (4.7 to 15.8) 2.3 (1.2 to 4.4) 2.4 (1.2 to 5.1)

Positive predictive
value (%) (95% CI)

58.3 (49.8 to 66.5) 67.9 (54.0 to 79.7) 40.0 (25.7 to 55.7) 61.5 (44.6 to 76.6)

Negative predictive
value (%) (95% CI)

76.1 (72.9 to 79.1) 80.3 (76.0 to 84.1) 77.3 (71.7 to 82.2) 60.3 (50.8 to 69.3)

–, Negative test; +, positive test.
Enhanced reference standard is defined as any positive culture in blood and/or cultures from other specimens including
culture-proven central venous or arterial line colonisation occurring 48 hours either side of the primary blood sample.
Combined (all sites) and individual site analyses (sites 1–3) are shown. Site 4 data are not shown separately due to the small
number of episodes (n= 12) contributed, but are included in the all-sites analysis.
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SeptiFast versus enhanced reference standard (pathogen
concordance metrics)
Concordance of the 1041 suspected episodes, including pathogen concordance, between SeptiFast and the
enhanced reference standard is reported in Table 12 and summary diagnostic metrics in Table 13. These results
take account of concordance at a pathogen-species level and represent more comparisons than at an episode
level because PCR on blood and/or other cultures from the enhanced reference standard may return more
than one pathogen associated with each patient episode. Overall prevalence of culture-proven infection in the
enhanced reference standard was 33.5% (95% CI 30.6% to 36.4%), with variation across sites. Site variation is
likely to be related to differences in case mix and prior antimicrobial use in patient cohorts. Summary metrics of
specificity were greater than sensitivity across sites, with overall sensitivity of 18.9% (95% CI 14.9% to 23.4%)
and specificity of 85.4% (95% CI 82.6% to 88.0%), suggesting that SeptiFast may have better diagnostic
rule-in potential than rule-out potential when compared with the enhanced reference standard. Both sensitivity
and specificity were lower than those returned at an episode level, explained by an imperfect concordance
when comparing pathogen species. The likelihood ratio of a positive test overall was only 1.30 (95% CI 0.98
to 1.72), resulting in a post-test probability following a positive SeptiFast test of 39.5% (95% CI 32.0% to
47.4%). Therefore, the probability of a patient having a culture-proven infection following a positive SeptiFast
test would not be greater than 47.4% – a low level to confidently rule in a diagnosis. In addition, the likelihood
ratio of a negative test was only 0.95 (95% CI 0.89 to 1.00), resulting in a post-test probability following a
negative SeptiFast test of 32.3% (95% CI 29.2% to 35.5%). Therefore, the probability of a patient having a
culture-proven infection following a negative SeptiFast test could be as high as 35.5% – an unacceptable level
to confidently rule out a diagnosis.

TABLE 12 Pathogen concordance between SeptiFast real-time PCR and the enhanced reference standard

Culture positive Culture negative Total

SeptiFast positive 66 101 167

SeptiFast negative 283 593 876

Total 349 694 1043

Table shows combined data for all sites (1–4). Enhanced reference standard is defined as any positive culture in blood and/or
cultures from other specimens including culture-proven central venous or arterial line colonisation occurring 48 hours either
side of the primary blood sample.

TABLE 13 Summary of diagnostic accuracy measures: pathogen concordance for SeptiFast real-time PCR vs. the
enhanced reference standard

Measure All sites Site 1 Site 2 Site 3

Prevalence (%) (95% CI) 33.5 (30.6 to 36.4) 31.1 (27.0 to 35.4) 28.6 (23.9 to 33.7) 49.5 (42.2 to 56.7)

Sensitivity (%) (95% CI) 18.9 (14.9 to 23.4) 24.2 (17.6 to 31.8) 13.4 (7.3 to 21.8) 18.7 (11.5 to 28.0)

Specificity (%) (95% CI) 85.4 (82.6 to 88.0) 92.6 (89.3 to 95.2) 83.9 (78.6 to 88.3) 71.4 (61.4 to 80.1)

Likelihood ratio (+) (95% CI) 1.30 (0.98 to 1.72) 3.28 (2.06 to 5.22) 0.83 (0.46 to 1.46) 0.66 (0.39 to 1.09)

Likelihood ratio (–) (95% CI) 0.95 (0.89 to 1.00) 0.82 (0.74 to 0.89) 1.03 (0.92 to 1.13) 1.14 (0.97 to 1.34)

Odds ratio (95% CI) 1.37 (0.96 to 1.95) 4.01 (2.23 to 7.25) 0.81 (0.37 to 1.64) 0.58 (0.27 to 1.19)

Positive predictive
value (%) (95% CI)

39.5 (32.0 to 47.4) 59.7 (46.4 to 71.9) 25.0 (14.0 to 38.9) 39.1 (39.0 to 55.7)

Negative predictive
value (%) (95% CI)

67.7 (64.5 to 70.8) 73.0 (68.6 to 77.2) 70.7 (65.1 to 75.9) 47.3 (39.0 to 55.7)

Enhanced reference standard is defined as any positive culture in blood and/or cultures from other specimens including
culture-proven central venous or arterial line colonisation occurring 48 hours either side of the primary blood sample.
Combined (all sites) and individual site analyses (sites 1–3) are shown. Site 4 data are not shown separately due to the small
number of episodes (n= 12) contributed, but are included in the all-sites analysis.

DIAGNOSTIC ACCURACY OF SEPTIFAST PCR IN HEALTH-CARE-ASSOCIATED BLOODSTREAM INFECTION

NIHR Journals Library www.journalslibrary.nihr.ac.uk

40



Pathogen spectrum

Culture
The pathogen range and prevalence detected in the primary blood sample by culture in association with
independently adjudicated bloodstream infection, is shown in Table 14. Eleven out of 88 (12.5%)
pathogens in positive BC from adjudicated bloodstream infections were not found on the SML, a greater
proportion than that predicted by the manufacturer (quoted as < 5%).29 How the pathogens detected
varied by hospital site is shown in Figures 15 and 16 and Table 15. Figure 17 shows the incidence of
polymicrobial infections in positive BC. The 88 pathogens identified by culture were associated with
74 cultures containing a single organism and 7 cultures containing two organisms, a rate of polymicrobial
infection of 8.8%.

TABLE 14 Pathogens detected: BC

Pathogen species

Number of cases detected

BC only PCR only BC and PCR

Pathogens on the SML

Gram-negative bacteria

Escherichia coli 4 19 12

Klebsiella (pneumoniae/oxytoca) 3 28 10

Serratia marcescens 0 3 1

Enterobacter (aerogenes/cloacae) 2 12 1

Proteus mirabilis 0 0 0

Acinetobacter baumanii 1 0 0

Pseudomonas aeruginosa 3 1 5

Stenotrophomonas maltophilia 0 0 1

Gram-positive bacteria

Staphylococcus aureus 1 19 1

CoNS 3 6 2

Streptococcus pneumoniae 0 2 0

Streptococcus species 4 5 3

Enterococcus faecium 6 7 3

Enterococcus faecalis 1 5 3
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TABLE 14 Pathogens detected: BC (continued )

Pathogen species

Number of cases detected

BC only PCR only BC and PCR

Fungi

Candida albicans 2 9 2

Candida tropicalis 0 1 0

Candida parapsilosis 0 0 0

Candida glabrata 3 2 0

Candida krusei 0 3 0

Aspergillus fumigatus 0 1 0

Total 33 123 44

Pathogens not on the SML

Bacteroides fragilis 1 0 0

Citrobacter koseri 1 0 0

Clostridium perfringens 1 0 0

Enterobacter amnigenus 1 0 0

Leclercia adecarboxylata 1 0 0

Morganella morganii 2 0 0

Staphylococcus capitis 1 0 0

Salmonella enterica 1 0 0

Raoultella planticola 1 0 0

Candida lipolytica 1 0 0

Total 11 0 0
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FIGURE 15 Number of (a) Gram-negative and (b) Gram-positive bacteria from the SML isolated from BCs at each
hospital site (sites 1–3). No positive BCs were identified at site 4.
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FIGURE 16 Number of fungal organisms from the SML isolated from BC at each hospital site (sites 1–3). No positive
BCs were identified at site 4.

TABLE 15 Organisms detected by BC not present on SML

Hospital site 1 Hospital site 2 Hospital site 3

Bacteroides fragilis Staphylococcus capitis Clostridium perfringens

Citrobacter koseri Raoultella planticola

Enterobacter amnigenus Candida lipolytica

Leclercia adecarboxylata

Morganella morganii (n= 2)

Salmonella enterica

Organisms isolated from BC at each hospital site (sites 1–3) not on SML. No positive BCs were identified at site 4.
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Table 16 describes similar information for the enhanced reference standard. This table includes pathogens
isolated from blood and other sites, but does not include pathogens from adjudicated bloodstream
infections on sample day, which are shown in Table 14. Notably, a higher percentage of infections (23%,
59 out of 261 positive sample cultures from adjudicated infection) were due to pathogens not on the SML,
indicating that cultures from sites other than the bloodstream have a higher incidence of off-panel
organisms. The sites of infection from which pathogens included in the enhanced reference standard were
cultured are shown in Table 17; these are in addition to the pathogens isolated from BC on sample day
(shown in Table 14) which were also included in the enhanced reference standard.

SeptiFast polymerase chain reaction
The pathogen range and prevalence detected in blood specimens by SeptiFast is shown in Table 14. For
pathogens on the SML, PCR detected 167 pathogens compared with 77 by BC, with fungal species
representing only 18 (11%) of the PCR-detected pathogens.

TABLE 16 Pathogens detected at other sites: enhanced reference standard

Pathogen species

Number of episodes detected

Culture only PCR only Culture and PCR

Pathogens on the SML

Gram-negative bacteria

Escherichia coli 29 11 8

Klebsiella (pneumoniae/oxytoca) 19 24 4

Serratia marcescens 5 2 1

Enterobacter (aerogenes/cloacae) 5 11 1

Proteus mirabilis 2 0 0

Acinetobacter baumanii 0 0 0

Pseudomonas aeruginosa 12 1 0

Stenotrophomonas maltophilia 5 0 0

Gram-positive bacteria

Staphylococcus aureus 33 16 3

CoNS 9 5 1

Streptococcus pneumoniae 2 2 0

Streptococcus species 9 5 0

Enterococcus faecium 7 7 0

Enterococcus faecalis 4 4 1

Fungi

Candida albicans 29 6 3

Candida tropicalis 1 1 0

Candida parapsilosis 1 0 0

Candida glabrata 5 2 0

Candida krusei 0 3 0

Aspergillus fumigatus 3 1 0

Total 180 101 22
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TABLE 16 Pathogens detected at other sites: enhanced reference standard (continued )

Pathogen species

Number of episodes detected

Culture only PCR only Culture and PCR

Pathogens not on the SML

Anaerobes 2 0 0

Candida lipolytica 1 0 0

Clostridium difficile 8 0 0

Unidentified aerobic Gram-negative Bacillus 14 0 0

Enterococci 3 0 0

Penicillin-resistant Enterococcus 1 0 0

Vancomycin-resistant Enterococcus species 1 0 0

Haemophilus influenzae 7 0 0

Hafnia alvei 1 0 0

Influenza A (H1N1) 3 0 0

Moraxella catarrhalis 1 0 0

Morganella morganii 2 0 0

Proteus species 2 0 0

Pseudomonas species 7 0 0

Raoutella planticola 1 0 0

Streptococcus parasanguinis 1 0 0

Yeast (unidentified) 4 0 0

Total 59 0 0

Enhanced reference standard is defined as any positive culture in blood and/or cultures from other specimens including
culture-proven central venous or arterial line colonisation occurring 48 hours either side of the primary blood sample.
Figures do not include pathogens from adjudicated bloodstream infections on sample day, which are shown in Table 14.

TABLE 17 Pathogens cultured from other sites: enhanced reference standard

Pathogen species

Infection site

Blooda Lung Urinary tract Surgical site Other

Pathogens on the SML

Gram-negative bacteria

Escherichia coli 9 5 9 10 4

Klebsiella (pneumoniae/oxytoca) 3 7 4 1 8

Serratia marcescens 0 3 0 0 3

Enterobacter (aerogenes/cloacae) 0 3 0 1 2

Proteus mirabilis 1 0 1 0 0

Acinetobacter baumanii 0 0 0 0 0

Pseudomonas aeruginosa 0 5 0 1 6

Stenotrophomonas maltophilia 0 4 0 0 1
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TABLE 17 Pathogens cultured from other sites: enhanced reference standard (continued )

Pathogen species

Infection site

Blooda Lung Urinary tract Surgical site Other

Gram-positive bacteria

Staphylococcus aureus 3 19 1 1 12

CoNS 1 0 0 2 7

Streptococcus pneumoniae 1 1 0 0 0

Streptococcus species 4 1 0 2 2

Enterococcus faecium 2 0 0 5 0

Enterococcus faecalis 0 1 0 0 4

Fungi

Candida albicans 1 24 0 4 3

Candida tropicalis 0 0 0 0 1

Candida parapsilosis 0 1 0 0 0

Candida glabrata 2 3 0 0 0

Candida krusei 0 0 0 0 0

Aspergillus fumigatus 0 3 0 0 0

Total 27 80 15 27 53

Pathogens not on SML

Anaerobes 0 0 0 1 1

Candida lipolytica 1 0 0 0 0

Clostridium difficile 0 0 0 0 8

Unidentified aerobic Gram-negative Bacillus 0 4 6 3 1

Enterococci 0 0 1 2 0

Penicillin-resistant Enterococcus 1 0 0 0 0

Vancomycin-resistant Enterococcus species 0 0 0 0 1

Haemophilus influenzae 0 5 0 0 2

Hafnia alvei 0 0 0 0 1

Influenza A (H1N1) 0 3 0 0 0

Moraxella catarrhalis 0 0 0 0 1

Morganella morganii 1 0 0 0 1

Proteus species 0 0 0 2 0

Pseudomonas species 0 1 3 0 3

Raoutella planticola 0 1 0 0 0

Streptococcus parasanguinis 0 0 0 1 0

Yeast (unidentified) 0 3 1 0 0

Total 3 17 11 9 19

Figures do not include pathogens from adjudicated bloodstream infections on sample day, which are shown in Table 14.
a New bloodstream infection adjudicated as occurring 48 hours either side of the PCR sample day but not on the

sample day.
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Detection of multiple organisms was more common with SeptiFast, with PCR detecting 167 organisms in
144 blood samples with 124 blood samples containing a single organism, 20 samples containing two
organisms and one sample containing three organisms, a rate of polymicrobial PCR of 14.5% (see Figure 17).
The pathogen range detected by PCR in the enhanced reference standard appeared broadly similar to that
observed in BCs (see Table 16).

Blood culture contamination
Blood culture contamination was adjudicated independently at each site without any knowledge of the
SeptiFast results and is shown in Figure 18. These contamination rates were reported within NHS, forming
part of continuous quality improvements for BC sampling at each site. The overall BC contamination rate
was about 2% for all BCs taken within this study and provides independent evidence for blood sampling
quality when compared with national standards.96 Following study completion and calculation of the
clinical diagnostic accuracy metrics it became apparent, post hoc, that none of the adjudicated BC
contaminations were associated with a positive SeptiFast result.
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FIGURE 18 Blood culture contaminants. Percentage of BC adjudicated as contaminants for (a) all sites combined;
(b) site 1; (c) site 2; and (d) site 3. No contaminants were identified in the 12 BCs taken at site 4. (e) Species
identified as a percentage of total contaminants.
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Discussion

The comprehensive systematic review of the likely diagnostic accuracy performance of SeptiFast (see Chapter 2)
highlights significant deficiencies in the quality of design and reporting of clinical diagnostic accuracy studies in
this field. As a result, the current evidence base that underpins any recommendations on the suitability of the
test for adoption into frontline sepsis clinical care pathways is unsound. Our aim in this chapter was to report
the clinical diagnostic accuracy of SeptiFast compared with BC as the gold standard test in a defined setting of
suspected sepsis-related health-care-associated bloodstream infection employing study design, performance
and reporting that meet all the features of the STARD criteria.87 In addition, we investigated a broader
(‘enhanced’) reference standard in this study population that included adjudicated culture-proven
health-care-associated infection more inclusively than just bloodstream.

We have reported clinical diagnostic accuracy measures of SeptiFast real-time PCR against BC at two levels,
event level (i.e. concordance of PCR positivity with BC positivity) and species concordance level (i.e. PCR
detection of the same organism at species/genus level as identified by BC). Intuitively, the latter metric
would seem to be a more robust measure of the potential clinical utility of the SeptiFast test given that
organism identification at species/genus level is a routine element of culture-based diagnosis in clinical
practice and the SeptiFast test only delivers results at species level. As discussed in Chapter 2, although
some previous studies have specified the metrics used to evaluate SeptiFast real-time PCR, in other cases it
is uncertain whether data was reported at event or species level.

In the present study, sensitivity of the SeptiFast real-time PCR assay, measured at both event and species
level, was poor (58.8% and 50.0% respectively), suggesting that the assay may have little value as a
‘rule-out’ test in suspected sepsis-related health-care-associated bloodstream infection. However, our
patients had low pre-test probabilities for bloodstream infection at an event rate (8.7%) and at species
level (9.2%). Returning a negative SeptiFast test for a patient in our study would result in no more than a
5.9% and 7.4% chance of bloodstream infection at an event and species level respectively. In addition,
this information would probably be returned to clinical practice earlier than a BC result – although this was
not formally tested in this study. These relatively low levels of post-test probability might suggest that
returning a negative SeptiFast test result in one of our patients with suspected sepsis could lead to ruling
out bloodstream infection quickly and, therefore, stopping antimicrobial therapies. However, based on
these post-test probabilities, this would result in the significant risk of undertreating up to six to eight
patients with sepsis-related bloodstream infection in every 100 with suspected sepsis. Effective
management of sepsis-related bloodstream infection requires timely and adequate antimicrobial therapy
and, based on these metrics, stopping antimicrobial therapy early in this high-risk population could not be
advised on the basis of a negative SeptiFast result.

The specificity of the SeptiFast real-time PCR test was higher, 88.5% at event level and 85.8% at species
level, suggesting that the test has potential value as a ‘rule-in’ test, allowing reasonable confidence that a
positive test indicates the presence of a specific pathogen. However, as described above, our patients had
low pre-test probabilities of bloodstream infection. Returning a positive SeptiFast test for a patient in our
study was an infrequent event (less than 1 in 10 on average) but was associated with a 41% and 34%
chance of bloodstream infection at an event and species level respectively. Therefore, returning a positive
SeptiFast test in one of our patients with suspected sepsis does substantially increase the chance of
patients having a bloodstream infection, but not to a high level. A further significant limitation of SeptiFast
that is likely to restrict its impact on clinical practice is that the test does not provide information on the
antibiotic sensitivities of the identified pathogen, with the exception of meticillin resistance in S. aureus.
In the absence of this information, currently provided only by culture, clinicians may not be willing to refine
antibiotic therapy on the basis of an organism identified by SeptiFast real-time PCR alone.36 Development
of molecular platforms with the ability to detect a broad range of resistance genes direct from blood
would be an important step towards clinical utility. However, challenges remain including the broad range
of genotypes involved in some resistances (e.g. extended-spectrum beta-lactamases) and the precise
relationship between genotype and functional antibiotic resistance. Therefore, in our patients with
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suspected sepsis-related health-care-associated infection, directing antimicrobial treatment based on a
positive SeptiFast result is problematic in terms of both the post-test uncertainty in the positive test and the
lack of information about likely antimicrobial drug responses.

To date, no clinical trials have been conducted on the likely impact and safety of acting on the results of
SeptiFast real-time PCR in patients in any setting.

Based on the results reported here, the investigators have significant reservations about the likely efficacy
and safety of such a study in the setting of sepsis-related health-care-associated infection. However,
this conclusion is based solely on the assumption that culture results are an error-free reference standard,
an assumption we will explore further in Chapter 4.

Our study population focused on critically ill patients developing new clinical evidence for suspected sepsis
who had been hospitalised for at least 48 hours in the NHS in the north-west of England. Despite the
pragmatic regional focus of this study, our patients were drawn from a wide range of primary specialties,
were broadly representative in terms of age and sex of critical care patients throughout England and Wales
compared with national audit figures, but were more likely to be receiving higher levels of invasive organ
supportive interventions and had been exposed to a high level of broad-spectrum antibiotics in the
immediate period leading into study recruitment. Within this complex study-setting, there was evidence
of differences in diagnostic accuracy metrics for SeptiFast between hospital sites, particularly assay
specificity at the level of pathogen concordance. Specificity against BC across the three main contributor
sites ranged from 91.3% (95% CI 88.2% to 93.9%) at site 1 to 74.3% (95% CI 66.5% to 81.2%) at
site 3. Intriguingly, these differences were maintained when the PCR assay was compared with the
enhanced reference standard, specificity ranging from 92.6% (95% CI 89.3% to 95.2%) at site 1 to
71.4% (95% CI 61.4% to 80.1%) at site 3. The reasons for these differences are unknown; however, site
differences in antimicrobial use, which would be expected to impact on the level of false-positive results,
and/or case mix are potential explanations.

What factors limit the diagnostic accuracy of the SeptiFast test? Poor diagnostic sensitivity is driven by
the relatively high number of false-negative results produced by SeptiFast real-time PCR. A significant
proportion of false negatives (12.5%) were associated with organisms not present on the SML. This finding
is consistent with several previous studies57,63,76 and suggests that restricting the SeptiFast panel to the
most common bloodstream pathogens has a limiting effect on the diagnostic performance of the test in
practice. False negatives associated with organisms present on the SML appeared to be spread broadly
across all organisms, although there were exceptions. For example, none of three cases of Candida glabrata
found by BC were detected by SeptiFast real-time PCR, although, interestingly, two cases of infection with
this organism were detected by SeptiFast real-time PCR in the absence of confirmatory BC. The most likely
explanation of the false negatives for common, on-panel organisms is that the levels of circulating DNA may
be below the limits of detection of the assay in some infection episodes. The reported detection limit for
SeptiFast real-time PCR is 3–100 CFU/ml29 which compares relatively favourably to the microbial burden
often associated with adult sepsis (< 10 CFU/ml).23,97 However, this varies considerably between species with
some organisms including C. glabrata, being undetectable at 3 CFU/ml blood. A similar explanation could
be proposed for the performance of the test in detecting CoNS. A PCR signal was detected in 40% of cases
where a culture-confirmed bloodstream infection with CoNS was adjudicated, while no PCR signal was
detected in the 27 cases of positive BCs adjudicated as CoNS contaminants. Contamination during the
blood collection procedure is likely to be associated with low bacterial load and may therefore be below the
minimum analytical sensitivity for CoNS (30 CFUs/ml) reported for SeptiFast real-time PCR.29

In the current study, SeptiFast real-time PCR also produced a significant number (n= 123) of false-positive
results (i.e. pathogens detected by PCR in blood that are not found by BC), which lowered the specificity
of the assay. Previous studies have suggested that, in many cases, the organism detected by SeptiFast
real-time PCR can be found only on culture of specimens obtained from other sites of infection outside the
bloodstream such as urine, bronchioalveolar lavage fluid, peritoneal fluid, etc.41,69 This has led to the
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suggestion that pathogen DNA in the bloodstream may have clinical relevance in terms of the infection
status of the patient even when corresponding BCs are negative and that concordance with an enhanced
reference standard that includes cultures from blood and other significant specimens may be of value in
assessing the diagnostic utility of SeptiFast real-time PCR.36 To our knowledge, this is the first prospective
study designed around the STARD criteria87 to assess the diagnostic accuracy of SeptiFast against an
enhanced reference standard. The data show that the SeptiFast assay sensitivity was markedly lower
(33.1% and 18.1% at event and species level respectively) when other microbiological findings were taken
into account as part of blinded, independent infection adjudication, indicative of the high number of
pathogens detected at sites outside the bloodstream that were not found by SeptiFast real-time PCR.
Assay specificity was maintained using the enhanced reference standard (enhanced reference standard
vs. BC: 90.8% vs. 88.5% at event level; 85.9% vs. 85.8% at species level). These data suggest that
a positive SeptiFast result in the setting of suspected sepsis-related health-care-associated infection may
have some diagnostic ‘rule-in’ utility as an indicator of the overall infection status of the patient. However,
a negative test does not appear to have any utility in excluding infection in this setting.

The independent review and meta-analysis (see Chapter 2) of the current literature studies on SeptiFast
diagnostic accuracy indicated significant deficiencies that impact on the derived diagnostic accuracy metrics
with none, as reported, meeting the STARD criteria87 in full. The strengths of the present study are the
systematic approach taken in the design and conduct of the study. These include assessment of the test in
a defined, focused patient cohort in the setting of suspected health-care-associated bloodstream infection,
prior publication of the trial protocol,1 blinding of SeptiFast real-time PCR and culture results, independent
blinded clinical adjudication of bloodstream and other infections, strict adherence to clinical and CE-marked
laboratory protocols and reporting of assay failure rates. The investigators recognise, however, that there
remain significant weaknesses principally associated with the use of BC as the gold standard reference
test. This approach provides diagnostic accuracy measures that can be directly compared with other studies
in this field which have all used BC as the stated reference standard (reported in Chapter 2). However, in
contrast to other studies internationally, we have also taken a Bayesian approach to describing and
arguing the likely clinical utility of SeptiFast real-time PCR in the setting of a critically ill patient developing
new signs of suspected sepsis while receiving complex health care – and, for the first time, this has been
performed within the NHS.

It is, however, important to point out that the performance of SeptiFast real-time PCR in terms of clinical
diagnostic accuracy is predicated on the assumption that BC is 100% error free, which seems unlikely.
Potential sources of error include low sample volume, lack of replicate BC sets, delays in incubation and
contamination during sampling.9,98 In this study, BC was taken as part of routine clinical service and,
although training in approved procedures for taking and processing BC were promoted, we cannot be
certain that errors did not occur, although the mean level of BC contaminants across the four centres was
consistent with current quality performance standards. A further potentially important source of error
affecting the gold standard is the high level of antimicrobial use in this patient cohort. One or more
antimicrobial drugs had been given within 48 hours prior to blood sampling in > 85% of the suspected
bloodstream infection episodes included in the study. The impact on blood and other specimen culture
performance cannot be quantified, but it is highly likely that this will be a significant factor. This study
was commissioned specifically to assess the diagnostic utility of SeptiFast real-time PCR in the setting of
sepsis-related health-care-associated infection where empirical broad-spectrum antibiotic therapy is
frequently employed. This setting challenges the utility of culture in supporting complex clinical decisions.
However, given that levels of free pathogen DNA and the intact pathogen load in the circulation are likely
to be interrelated, this may also present a challenging environment for SeptiFast real-time PCR.

In Chapter 4, we will undertake a preliminary assessment of the potential impact of error in the BC gold
standard through the use of latent class statistical modelling.99 In addition, the impact on diagnostic
performance of including the commonly used circulating inflammatory biomarkers white cell count, CRP
and PCT as instrumental variables will be considered.
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Chapter 4 Challenging the assumption that
laboratory-confirmed diagnosis of bloodstream
infection is an error-free gold standard: statistical
modelling using latent class analysis

Rationale and aims

The implicit assumption underlying the standard method of analysis as reported in Chapter 3 is that the
sensitivity and the specificity of the laboratory culture-confirmed diagnosis of bloodstream infection
are both 100%. It is assumed that there are no misclassification errors – that is, if an infection is present
it will be detected and if it is absent then it is correctly recorded as being absent. Current evidence
suggests that BC has limitations that are likely to mean that both specificity and sensitivity of this test will
be less than 100%. The wide range of factors that are known to influence the diagnostic accuracy of BC,
and the supporting evidence base, are covered in detail elsewhere96 as part of the latest consensus-derived
standard operating procedures that guide NHS practice. Therefore, although we believe there is a
widespread understanding of the limitations of BC in the clinical community, BC is in routine use
worldwide and the formal definitions and guidelines relating to the diagnosis of suspected bloodstream
infection are based on this test with no currently accepted alternatives. It is therefore not surprising that
the diagnostic validity of new technologies such as PCR is judged against BC.

The standard method of analysis is merely a convention and our aim in the present chapter is to (i) challenge
current assumptions concerning the performance of BC, and their use as a reference standard to assess new
technologies, using alternative statistical methodology100–103 – which has been discussed recently by Waikar
et al.104 – and (ii) illustrate how assumptions that are more realistic (together with additional data) may lead
to different conclusions that could ultimately provide a more realistic basis for assessing the diagnostic
accuracy of emerging technologies. The guiding motivation for the work reported in this chapter is that,
if the prior assumptions concerning the performance of the reference standard (BC) are invalid, then
inferences concerning the performance of the new competitor (SeptiFast real-time PCR) will be biased, quite
possibly severely so. Full details of the proposed statistical methodology for the comparisons of two or more
fallible indicators of disease have been provided previously by one of the co-authors of the present report.99

The key to the use of the statistical methodology to be described in Statistical models is the acknowledgement
that all diagnostic indicators (including microbiologically proven BC) are almost certainly fallible (that is, subject
to classification errors). BCs might, for example, fail to detect certain infections (false negatives) or may be
subject to contamination (false positives). Instead of basing our analyses of the characteristics of the SeptiFast
real-time PCR results on unrealistic assumptions concerning the BCs, we relax these assumptions and use the
data to estimate the sensitivity and specificity of both the BC and SeptiFast real-time PCR results. However, in
order for this to be possible, we need further data on the likely infection status of the patient (in the examples
below we use infections at additional sites and/or levels of circulating immune-inflammatory biomarkers).
We also need to assume that the measurement or classification errors for the different indicators of infection
are statistically independent (uncorrelated). The latter is a strong assumption but likely to hold true if the
different indicators are founded on different biological processes. The statistical methods used are known as
latent class analyses,99 the latent classes being the presence or absence of a bloodstream infection and ‘latent’
because we have acknowledged that none of the indicators of infection allow us to be 100% confident
concerning the true infection status of the patient.
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Statistical models

Stage 1
Starting with the estimation of the prevalence of infection as indicated by the reference standard – the BC.
If the reference standard is infallible, then the prevalence of infection is the proportion of blood specimens
yielding a positive culture. Now, if we acknowledge that the laboratory culture may actually be fallible
and, in reality, it has sensitivity and specificity of αBC and βBC, respectively, then the probability of observing
an infection now becomes P·αBC+ (1 – P)·(1 – βBC), where P is the true prevalence, the first term represents
those correctly diagnosed as having an infection, and the second term represents those that are false
positives (misclassifications). Similarly, the proportion of cultures for which infection is ruled out is given
by (1 – P)·βBC+ P·(1 – αBC).

Again, the first term represents the correct assignments, the second mistakes (false negatives).
Unfortunately, if the culture is fallible, then we cannot estimate any of P, αBC or βBC. The model is said to
be under identified.

Stage 2
Now, each blood sample is classified according to the two diagnostic methods: BC and SeptiFast real-time
PCR. We assume that the assignments will be associated (hopefully, strongly so) because of and only
because of the underlying, but not directly observed, infection (misclassification errors for the two methods
are assumed to be statistically independent – the conditional independence assumption). There are now
four possibilities.

Both negative: (1−P)⋅βBC⋅βPCR þ P⋅(1−αBC)⋅(1−αPCR) (1)

BC positive; PCR negative: (1−P)⋅(1−βBC)⋅βPCR þ P⋅αBC⋅(1−αPCR) (2)

BC negative; PCR positive: (1−P)⋅(βBC)⋅(1−βPCR)þ P⋅(1−αBC)⋅αPCR (3)

Both positive: (1−P)⋅(1−βBC)⋅(1−βPCR)þ P⋅αBC⋅αPCR (4)

Here, αPCR and βPCR represent the sensitivity and specificity of SeptiFast real-time PCR respectively. Again,
it is impossible to obtain unique estimates of the prevalence of infection and of the parameters of the two
diagnostic tests from the data at hand. The only way forward is to either (a) make some simplifying
assumptions or (b) use additional data to help rescue us from the problem.

Simplifying assumptions
The conventional analysis carried out in Chapter 3 assumes that αBC= βBC= 1 (i.e. 100%). However, it could
be argued that a far more realistic (but perhaps still imperfect) set of assumptions would be that
βBC= βPCR= 1 (i.e. 100%). Here there are no false positives – if either of the two tests yields a positive result
then the assumption is that there is an infection present. This has a very simple and straightforward
implication for the estimation of the two remaining test characteristics (the sensitivities αBC and αPCR).
With the new pair of assumptions the expected patterns are the following.

Both negative : (1−P)þ P⋅(1−αBC)⋅(1−αPCR) (5)

BC positive; PCR negative: P⋅αBC⋅(1−αPCR) (6)

BC negative; PCR positive: P⋅(1−αBC)⋅αPCR (7)

Both positive: P⋅αBC⋅αPCR (8)
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It immediately follows that αBC is the proportion when both are positive divided by the overall proportion of
SeptiFast real-time PCR positives. Similarly αPCR is the proportion when both are positive divided the overall
proportion of BC positives.

We now return to the data on episode concordance between LightCycler SeptiFast real-time PCR and BC
(Table 18; originally presented in Table 6).

The estimate of the sensitivity of the SeptiFast real-time PCR (αPCR) is 47/80= 0.588 (i.e. ≈60%) – exactly
the same as in the main analysis of Chapter 3. As already noted, this is not as high as we would wish and
will have significant impact on SeptiFast predictive value when applied to an episode of suspected
infection. The corresponding estimate of the sensitivity of BC (αBC), however, is 47/144= 0.326 (≈33%),
which is much worse and not what would be expected of a reliable, well-performing reference standard.
If the new assumptions are correct, the implications are that both tests are failing to detect a significant
proportion of the true infections present. Of course these remain arbitrary assumptions.

Additional data
We will now consider the impact of introducing a third diagnostic test that is assumed to be conditionally
independent of the first two. This is the presence of microbiologically proven infections at additional body
sites, addressed in Chapter 3 as a component of the enhanced reference standard. The sensitivity and
specificity of the additional infection sites (ASs) are represented by αAS and βAS respectively. We now have
eight possibilities for the test results.

All three negative: (1−P)⋅βBC⋅βPCR⋅βAS þ P⋅(1−αBC)⋅(1−αPCR)⋅(1−αAS) (9)

BC negative; PCR negative; AS positive: (1−P)⋅βBC⋅βPCR(1−βAS)þ P⋅(1−αBC)⋅(1−αPCR)⋅αAS (10)

BC negative; PCR positive; AS negative: (1−P)⋅βBC(1−βPCR)⋅βAS þ P⋅(1−αBC)⋅αPCR⋅(1−αAS) (11)

BC positive; PCR negative; AS negative: (1−P)⋅(1−βBC)⋅βPCRβAS þ P⋅αBC(1−αPCR)⋅(1−αAS) (12)

BC negative; PCR positive; AS positive: (1−P)⋅βBC⋅(1−βPCR)⋅(1−βAS)þ P⋅(1−αBC)⋅αPCR⋅αAS (13)

BC positive; PCR positive; AS negative: (1−P)⋅(1−βBC)⋅(1−βPCR)⋅βAS þ P⋅αBC⋅αPCR⋅(1−αAS) (14)

BC positive; PCR negative; AS positive: (1−P)⋅(1−βBC)⋅βPCR⋅(1−βAS)þ P⋅αBC(1−αPCR)⋅αAS (15)

All three positive: (1−P)⋅(1−βBC)⋅(1−βPCR)⋅(1−βAS)þ P⋅αBC⋅αPCR⋅αAS (16)

This model can be fitted to the count data without any further assumptions. The model could be further
refined by allowing the prevalence of infection, P, to vary from one hospital site to another, thereby
eliminating confounding effects of hospital site. Unfortunately, there are no simple arithmetic ways of
fitting these models, making it necessary to use computationally intense optimisation procedures, which

TABLE 18 Episode concordance between SeptiFast real-time PCR and BC

BC positive BC negative Total

SeptiFast positive 47 97 144

SeptiFast negative 33 745 778

Total 80 842 922
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are described in Model fitting and parameter estimation. Additionally, instead of using infection at an
additional site as the third diagnostic test we could use circulating inflammatory biomarker data
(e.g. circulating CRP and PCT levels) on the assumption that they are related to true infection but
conditional on true infection, independent of the other two diagnostic tests. This is using biomarker data
as an instrumental variable, which will also be covered in the following section.

Count data for the three diagnostic tests (BC, SeptiFast real-time PCR and AS) are shown in Table 19. In
the current analysis, models were fitted to the combined data from three hospital sites; hospital 4 was
excluded on the grounds of too few data.

Model fitting and parameter estimation

The statistical model provided by description in Statistical models is an example of a latent class or
finite mixture model. Unless we are prepared to assume that one of the tests is providing the truth,
presence or absence of infection cannot be directly observed but is inferred from the observed pattern of
test results. Fitting the model was carried out using maximum likelihood – specifying the Maximum
Likelihood Robust option – via the expectation–maximisation algorithm using Mplus version 7.0 software
(Muthén & Muthén, Los Angeles, CA, USA).105 All models allowed for the prevalence of infection to
vary with hospital, thus eliminating the latter as a source of confounding. Appendix 16 provides a listing of
a typical Mplus command (input) file. Dunn99 provides full details of the rationale and technical aspects
of latent class/finite mixture models for diagnostic test data. Data from hospital 4 (12 subjects) were
excluded from all analyses on the grounds of too few data (resulting n= 910).

TABLE 19 Distribution of counts from the three diagnostic testsa

Pattern

Observed count

Hospital 1 Hospital 2 Hospital 3 Total

All three –ve 317 211 78 606

BC –ve, PCR –ve, AS +ve 52 47 32 131

BC –ve, PCR +ve, AS –ve 24 28 16 63

BC +ve, PCR –ve, AS –ve 19 4 4 27

BC –ve, PCR +ve, AS +ve 9 10 11 30

BC +ve, PCR +ve, AS –ve 19 4 5 33

BC +ve, PCR –ve, AS +ve 2 2 2 6

All three +ve 4 3 7 14

–ve, negative; +ve, positive.
a Excluding hospital 4 on the grounds of too few data.
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Results

First, the model was fitted using data from only two indicators (BC and SeptiFast real-time PCR), allowing
infection prevalence to vary with hospital. Assuming that the laboratory culture is infallible, the following
parameter estimates for SeptiFast real-time PCR are obtained: sensitivity, αPCR,= 58.8% (95% CI 49.7% to
67.8%) and specificity, βPCR,= 88.8% (95% CI 87.0% to 90.6%) and the prevalence of infection is
estimated to be 8.7%. Assuming the specificities of both BC and SeptiFast real-time PCR to be 100%
yields the following estimates: αBC= 33.6% (95% CI 27.0% to 40.1%) and αPCR= 58.8% (95% CI 49.7%
to 67.8%). The estimated prevalence of infection has now risen to 26.2%. Note that, as indicated earlier,
the data cannot be used to distinguish these two models, or allow the relaxation of the competing
assumptions, without the use of further information as illustrated below.

Second, the model was fitted for data from three different indicators of infection (BC, SeptiFast real-time
PCR and infection at ASs). As there are now three indicators, assumed to be conditionally independent
(i.e. with uncorrelated misclassification errors) the model can be fitted without any unrealistic assumptions
concerning the performance of any of the three tests. Six parameters representing the sensitivities and
specificities of the three tests (plus the prevalence of infection) can be estimated. The results are shown in
Table 20(a).

TABLE 20 Estimated characteristics from a latent class model using three indicators of infection

Test Sensitivity, % (95% CI) Specificity, % (95% CI)

(a) Using AS as the third indicator of infection

BC 33.3 (25.2 to 41.3) 96.8 (93.6 to 99.9)

SeptiFast real-time PCR 83.0 (44.1 to 100) 100 (100 to 100)

AS 31.7 (24.0 to 39.4) 82.8 (79.6 to 86.0)

Prevalence of infection ≈18.5%

(b) Using dichotomised PCT as the third indicator of infection

BC 32.7 (24.1 to 41.2) 97.1 (95.1 to 99.2)

SeptiFast real-time PCR 77.4 (52.9 to 100) 100 (100 to 100)

PCT 37.1 (29.2 to 45.1) 88.0 (84.8 to 91.1)

Prevalence of infection ≈19.9%

(c) Using AS and dichotomised PCT as the third and fourth indicator of infection respectively

BC 31.6 (24.1 to 41.2) 97.4 (95.4 to 99.5)

SeptiFast real-time PCR 69.5 (40.3 to 98.7) 99.4 (91.8 to 100)

AS 33.2 (20.0 to 46.4) 83.8 (79.9 to 87.6)

PCT 38.4 (24.3 to 52.6) 88.8 (84.6 to 93.1)

Prevalence of infection ≈21.4%

(d) Using a combination of SeptiFast real-time PCR and dichotomised PCT as a combined indicator of infection

BC 21.7 (16.3 to 27.0) 96.2 (93.4 to 98.9)

Combined (SeptiFast real-time PCR/PCT) 96.6 (57.4 to 100) 100 (100 to 100)

AS 28.8 (22.6 to 35.0) 83.5 (79.5 to 87.5)

Prevalence of infection ≈27.7%
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Finally, the potential utility of circulating levels of CRP and PCT measurements was investigated. The
summary statistics for each of the two measures is presented according to BC status and again by
SeptiFast real-time PCR status. The results are shown in Table 21. CRP does not appear promising but the
PCT measurements are associated (in the right direction) with both BC and SeptiFast real-time PCR
outcomes. To use PCT as an instrumental variable it is assumed that this association arises solely from
PCT’s association with the underlying infection status. The advantage of using this measure as an
instrument as opposed to ASs is that it is a marker determined by a completely different process from
those used to assess BC and PCR positivity. Although it is not absolutely certain that PCT is a valid
instrument (i.e. its measurement errors are not associated with the misclassification errors for BC and/or
SeptiFast real-time PCR), the assumption does have a degree of face validity.

When PCT was included in the model for the two binary indicators, the results (not shown) indicated that
the estimated mean PCT for those without infection (as predicted by the model) was 4.0 ng/ml (standard
error 0.5 ng/ml) and was, for the infected participants, very much higher at 129.5 ng/ml (standard error
17.5 ng/ml). Estimated sensitivities for the BC and SeptiFast real-time PCR were 18.8% (95% CI 2.5% to
35.0%) and 50.0% (95% CI 29.6% to 70.3%) respectively. Corresponding specificity estimates were
91.5% (95% CI 89.7% to 93.4%) and 85.7% (95% CI 83.4% to 88.0%). Accordingly, the PCT
measurements were dichotomised to create a binary indicator of infection in the setting of suspected
sepsis (positive if PCT> 6 ng/ml – reflecting the median PCT level that indicates systemic inflammation
resulting from severe systemic infection such as in the bloodstream;106 negative if PCT≤ 6 ng/ml). No
attempt was made to optimise the value of this cut-point – the idea being to simply illustrate the power of
the method. The latent class/finite mixture model was refitted using dichotomised PCT measurements as a
third, independent indicator of infection status. As before, both the sensitivity and specificity of the BC and
of the SeptiFast real-time PCR were left free to be estimated. The results are given in Table 20(b). Note
that the model fitting does not require that all 910 participants have PCT data – the model is fitted to all
available data. Concordances between the BC and dichotomised PCT, and between SeptiFast real-time
PCR and dichotomised PCT, are shown in Tables 22 and 23, respectively.

A latent class/finite mixture model was then fitted to all four indicators of infection (BC, SeptiFast real-time
PCR, AS and PCT). The resulting estimates are shown in Table 20(c).

TABLE 21 Association between CRP and PCT measurements with BC and SeptiFast real-time PCR results

Variable Observed Mean Standard deviation Minimum Maximum

BC negative

CRP (mg/l) 819 163.30 116.40 1 690

PCT (ng/ml) 799 7.274 23.479 0.05 200

BC positive

CRP (mg/l) 79 141.88 123.11 0.5 534

PCT (ng/ml) 78 12.487 31.451 0.05 163.22

SeptiFast real-time PCR negative

CRP (mg/l) 756 157.82 116.64 0.5 690

PCT (ng/ml) 741 5.809 19.807 0.05 200

SeptiFast real-time PCR positive

CRP (mg/l) 142 180.57 118.031 2.7 539

PCT (ng/ml) 136 18.244 39.434 0.052 200
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How might one develop a better biomarker of infection? Clearly, a combination of the diagnostic test
results has the potential to have a considerably higher sensitivity than when they are used alone, although
specificity might be lowered. In order to illustrate the promise of this approach the SeptiFast real-time PCR
and PCT results were combined: an infection was indicated if the SeptiFast real-time PCR result was
positive or if the PCT result was positive, or if both were positive. If neither test was positive then the
combined test result was negative. Table 20(d) provides estimates of the sensitivity and specificity of the
combined SeptiFast real-time PCR/PCT marker obtained through fitting a latent class model using BC and
infection at an additional site as the other two conditionally independent indicators. Table 24 summarises
the estimated diagnostic accuracy characteristics of SeptiFast real-time PCR incorporating different

TABLE 22 Concordance between BC and dichotomised PCT

BC positive BC negative Total

Dichotomised PCT positive 20 139 159

Dichotomised PCT negative 58 660 718

Total 78 799 877

TABLE 23 Concordance between SeptiFast real-time PCR and dichotomised PCT

SeptiFast PCR positive SeptiFast PCR negative Total

Dichotomised PCT positive 52 107 159

Dichotomised PCT negative 84 634 718

Total 136 741 877

TABLE 24 Summary of estimated characteristics for BC and SeptiFast real-time PCR results

Assumptions
Additional information
[instrumental variable(s)] Estimates for BC

Estimates for SeptiFast
real-time PCR

1

BC sensitivity 100% – Sensitivity 58.8%

BC specificity 100% Specificity 88.5%

2

BC specificity 100% – Sensitivity 32.6%

SeptiFast real-time
PCR specificity 100%

Sensitivity 58.8%

Independent errors

3

Independent errors AS Sensitivity 33.3% Sensitivity 83.0%

Specificity 96.8% Specificity 100%

4

Independent errors Dichotomised PCT Sensitivity 32.7% Sensitivity 77.4%

Specificity 97.1% Specificity 100%

5

Independent errors AS and dichotomised PCT Sensitivity 31.6% Sensitivity 69.5%

Specificity 97.4% Specificity 99.4%
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instrumental variables. The performance of the combined SeptiFast real-time PCR/PCT marker looks very
promising as both sensitivity and specificity are at, or very close to, 100%. We stress, however, that this is
only a preliminary result – further work needs to be done on algorithms for the optimal combination of
indicators of infection, using both existing data to generate well-performing algorithms and new data for a
thorough validation of their performance.

Conclusion and implications

Overall, the results of the latent class/finite mixture modelling lead us to conclude the following:

1. The reference standard (BC) used routinely to assess the diagnostic accuracy of new tests of bloodstream
infection, including in the present study, should not be assumed to be a perfect – infallible – indicator of
infection. In particular, BC appears to have a worryingly low sensitivity (≈ 40%, at most).

2. The sensitivity of the SeptiFast test of 60–80% is also less than ideal for a useful diagnostic test but
appears much better than that of the reference standard (BC).

3. The specificities of BC and SeptiFast PCR are both high (> 95%) with blood samples identified as
positive by either method from our study population of suspected sepsis-related health-care-associated
bloodstream infection having a high probability of infection. Data from additional body sites and from
circulating biomarkers such as PCT appear to be additional indicators of infection and a dichotomised
PCT measurement appears to be as sensitive as BC and only marginally less specific.

4. It appears likely that the lone use of the reference (BC) in clinical settings could lead to seriously
misleading estimates of the prevalence of infection. Data reported here suggest that in the clinical
setting of suspected health-care-associated sepsis, BC might be failing to detect 60–70% of
all infections.

5. The less than ideal clinical diagnostic sensitivity of SeptiFast real-time PCR will impact on the associated
likelihood ratios and predictive values, even in the presence of high specificity, resulting in more limited
diagnostic utility when translating evidence derived from our study population to an individual patient
episode. These results indicate that SeptiFast real-time PCR should not replace traditional BC but could
be added to the diagnostic test battery together with data on infections from other body sites and on
levels of biomarkers such as PCT. Algorithms for the optimal use of such a test battery should be the
subject of further work as illustrated by the final latent class model to assess the performance of a
combined SeptiFast real-time PCR/PCT marker, above.

6. Other investigators should seriously consider abandoning the assumption that BC is an infallible gold
standard for infection.

7. Based on the provisional analysis results reported in this chapter, there are two situations that might be
worthy of consideration for future intervention studies based on the potential for SeptiFast real-time
PCR as a more accurate rapid ‘rule-in’ test for pathogens in blood samples:

i. In the setting of suspected sepsis-related bloodstream infection, what is the impact on antimicrobial
stewardship in the setting of a positive SeptiFast test?

ii. In the setting of interventional studies investigating bloodstream infection (e.g. a clinical trial
investigating the effectiveness of different durations of antimicrobial therapy), what is the utility of
identifying patient cohorts rapidly based on SeptiFast testing rather than relying solely on the results
of BC?
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Chapter 5 Conclusions and recommendations

Main findings

Systematic review of clinical diagnostic accuracy studies for SeptiFast
A wide range of clinical diagnostic accuracy studies have been performed internationally comparing
SeptiFast real-time PCR with BC in the setting of suspected sepsis. No diagnostic accuracy studies have
focused solely on health-care-associated infections and very few NHS patients have had the opportunity to
contribute to this evidence base. Synthesising reported data suggests that, although the diagnostic
accuracy is not ideal, SeptiFast may provide better rule-in than rule-out utility for the rapid detection and
identification of pathogens in patients’ blood samples. However, independent review of the quality of
these studies revealed important design and reporting deficiencies that rendered this body of work
potentially unsafe owing to a high risk of bias from a variety of sources.

Phase III multicentre clinical diagnostic accuracy study performed within
the NHS
In the setting of suspected sepsis-related health-care-associated bloodstream infection, SeptiFast real-time
PCR, when compared with BC as reference standard, showed higher specificity (85.8%, 95% CI 83.3%
to 88.1%) than sensitivity (50%, 95% CI 39.1% to 60.8%) at pathogen genus/species level suggesting
better rule-in than rule-out utility for the rapid detection and identification of pathogens in blood samples
from a population of patients. When compared with the synthesised combined diagnostic metrics derived
from our systematic review, this new Phase III clinical data revealed lower overall test accuracy of SeptiFast
mainly as a result of an unacceptably low diagnostic sensitivity. Furthermore, there was a very low prevalence
of culture-proven bloodstream infection in this patient cohort such that the post-test probabilities of both a
positive and a negative SeptiFast test indicate the potential limitations to confidently rule in or rule out,
respectively, a diagnosis for an individual patient. When compared with a culture-proven enhanced reference
standard, including bloodstream and other infection sources, the specificity of SeptiFast real-time PCR was
maintained although sensitivity was markedly lower, suggesting that a positive SeptiFast real-time PCR result
may have some diagnostic utility as an indicator of the overall infection status of the patient. However, the
test does not appear to have any utility in excluding infection in this setting.

An important caveat to all of the conclusions from the Phase III study is that SeptiFast diagnostic accuracy
was, by convention, measured against culture reference standards that are prone to error, particularly in
the setting of high antimicrobial use.

Latent class analysis of Phase III NHS study data
Using latent class analysis to take account of error in the culture reference standard, BC was shown to
have a low diagnostic sensitivity in the setting of suspected sepsis-related health-care-associated
bloodstream infection. The sensitivity of the SeptiFast real-time PCR test is also less than ideal for a useful
diagnostic test but appears much better than BC. Blood samples identified as positive by either BC or
SeptiFast real-time PCR in our study population have a high probability of having infection. Data from
additional body sites and from circulating biomarkers, such as PCT, appear to be additional indicators of
infection and a dichotomised PCT measurement appears to be as sensitive as the BC and only marginally
less specific. Preliminary investigations suggest that combinations of these biomarkers show promise in
terms of achieving higher diagnostic accuracy in our patient cohort.
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Limitations

Study limitations

Reference standard
Blood culture should not be assumed to be a perfect (infallible) indicator of infection and, as demonstrated
in our latent class analyses, provides a worryingly poor reference standard against which new molecular
technologies are compared. This is likely to be particularly relevant in our setting of high antimicrobial use
which will have a significant negative impact on the bacterial load and, therefore, the analytical sensitivity
of BC. Conventional clinical diagnostic accuracy test analyses in this setting may derive unsafe results, even
when the clinical study has been designed and reported adequately. In addition, systematic reviews of
studies based on a tarnished reference standard will also produce potentially unreliable results. We have
attempted to mitigate these limitations with our new clinical data using additional latent class and
instrumental variable analyses, providing new insights into clinical diagnostic accuracy studies in this field.

Patient cohort
By design, our clinical diagnostic accuracy study was focused on health-care-associated bloodstream
infection in critically ill patients developing new clinical signs of suspected sepsis. This focus was
determined by the funding body and aligns with the international consensus on sepsis diagnosis and
management which is that non-culture-based rapid diagnostic technologies are likely to have the greatest
utility in settings where patients have been exposed to antimicrobial therapies.11 Our patient cohort had
been exposed to high levels and a wide range of combination antimicrobial therapies immediately before
study sampling, providing an opportunity to investigate clinical diagnostic accuracy in a challenging setting,
but with the added complexity of a tarnished traditional culture-based reference standard (as described
above). Although we have attempted to mitigate these limitations using the alternative analytical
approaches of latent class and instrumental variable analyses, we do not know how well our results will
generalise to a community-acquired sepsis cohort, that are less likely to have been exposed to
broad-spectrum antibiotics usually reserved for hard to treat infections.

Technology limitations
Limitations in the SeptiFast real-time PCR technology may have contributed to its modest diagnostic
performance observed in this clinical setting, particularly related to low diagnostic sensitivity.

Limits of detection
Previous evidence suggests that the numbers of organisms present in the blood of patients with
culture-confirmed bloodstream infection can often be relatively low (in the range 1–10 CFU/ml). Published
data on the laboratory analytical performance of the SeptiFast real-time PCR platform suggest that, for
some species, these levels could be at, or below, the lower limits of detection of the assay which may
explain the relatively high number of false negatives returned by the assay panel. This situation may be
exacerbated in settings such as the current one, where there is significant prior use of broad-spectrum
antimicrobials that may be expected to lower pathogen load further.

Pathogen coverage
SeptiFast real-time PCR is designed to detect 25 of the most commonly reported pathogens causing
bloodstream infections. Although the majority of pathogens detected in our study were found on the
SeptiFast panel, a significant percentage of the episodes of bloodstream infection were associated with
organisms not present on the panel and therefore undetectable by SeptiFast real-time PCR, contributing to
poor assay sensitivity. Though individual off-panel organisms may not be common at a population level in
this setting, the impact of not detecting these organisms would have a significant impact at the individual
patient level and, thus, a lack of clinical confidence in acting on negative SeptiFast real-time PCR results.
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Assay failures
The SeptiFast assay was associated with a relatively high percentage of assay failures with the majority of
these (5.5% of analysed samples) associated with failure of the IC. The IC monitors the efficiency of the
PCR reaction and is particularly important for ensuring the validity of negative assay results. The reasons for
IC failure are unknown, although it is interesting that the majority of such samples analysed for a second
time continued to report IC failure. Assay failure rates for SeptiFast real-time PCR are rarely reported,
although two recent studies have shown even higher failure rates of 12.5%31 and 24.2%.32

Implications for practice

When compared with NHS service culture standards, the clinical diagnostic accuracy of SeptiFast
appears unlikely to result in sufficient diagnostic utility in the setting of suspected sepsis-related
health-care-associated infection, despite its potential to deliver results more rapidly.

Using preliminary analyses that take into account the possibility that culture standards are not completely
error free, SeptiFast real-time PCR may have a greater ability to rule in infection than may be apparent
from conventional analyses – although its diagnostic sensitivity remains inadequate such that clinical utility
may remain significantly compromised.

In further preliminary analyses, other circulating biomarkers, such as PCT, when used in combination with
SeptiFast real-time PCR, may improve clinical diagnostic accuracy to levels where clinical utility is far
more likely.

Based on the present study, we found no evidence that SeptiFast real-time PCR should replace traditional
BC but the assay could be added to the diagnostic test battery (together with data on infections from
other body sites and levels of biomarkers such as PCT). Algorithms for the optimal use of such a test
battery should be the subjects of further work.

We do not know whether our findings are relevant to patients with suspected community-acquired sepsis
as they were not investigated and there is a lack of high-quality diagnostic evidence in relation to
this setting.

Recommendations for research

Clinical research

1. Develop new strategies for assessing the clinical validity of diagnostic tests that do not rely exclusively
on evidence derived from traditional analyses of diagnostic accuracy where reference standards are
known to be prone to error (e.g. BC in the setting of high antimicrobial use).

2. Explore further the application of multivariate modelling techniques (e.g. latent class analysis) in
diagnostic accuracy studies to assess the potential value of additional biomarkers and/or account for
error in reference standards.

3. Validate diagnostic pathways in stratified populations of patients with health-care-associated and
community-acquired sepsis.

4. Conduct further analyses using diagnostic and therapeutic data from stratified populations, using
techniques such as risk–benefit analyses and decision analyses, to develop an understanding of the
likely effectiveness of SeptiFast real-time PCR and other emerging rapid diagnostic tests in the clinical
setting of sepsis.
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5. Based on the current study data and outcomes from the above recommendations, consider future
intervention studies based on the potential for SeptiFast real-time PCR as a rapid ‘rule-in’ test for
pathogens in blood samples in the setting of:

i. suspected sepsis-related bloodstream infection, asking what is the impact on antimicrobial
stewardship in the setting of a positive SeptiFast test?

ii. interventional studies investigating bloodstream infection (e.g. a clinical trial investigating the
effectiveness of different durations of antimicrobial therapy), asking what is the utility of identifying
patient cohorts rapidly based on SeptiFast testing rather than relying solely on the results of BC?

6. Develop collaborative guidelines and funding initiatives with NHS stakeholders, including the NIHR, to
co-ordinate biobanking of samples and, crucially, clinical information/phenotype from patients with
sepsis. This will put the NHS in a prime position to lead on co-ordinating HTA of the vast array of
technologies emerging in this field aimed at meeting the Chief Medical Officer’s challenges laid out in
her recent report on infection and antibiotic resistance.2

7. Encourage better adherence to internationally recognised guidelines in the reporting of results of
diagnostic accuracy studies.

Technology development
Each of the following generic recommendations are informed by our considerable experience with
SeptiFast real-time PCR and a range of other assays, and are aimed at improving the accuracy of nucleic
acid amplification tests, particularly focused on improving clinical diagnostic sensitivity.

1. Increase analytical sensitivity of nucleic acid amplification assays through more efficient pathogen DNA
extraction techniques and/or increasing volume of blood extracted.

2. Widen pathogen coverage or develop tests in which the pathogen panel can be more easily modified to
account for differences in pathogen spectrum in particular settings.

3. Explore alternative paradigms for use of different nucleic acid amplification tests to support clinical
decision-making at different stages of patient management. For example, development of rapid,
low-cost screening tests capable of detecting a broad range of bacterial and fungal DNA that could be
performed more frequently. Such tests could be used to support, for instance, rule-out decisions at an
early stage. There is also the potential to combine nucleic acid amplification tests with other circulating
biomarkers to improve diagnostic accuracy. This approach could inform selective deployment of
higher-cost molecular platforms designed to subsequently identify pathogen species and microbial
resistance genes.
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Appendix 1 Standards for the reporting of
diagnostic accuracy studies checklist for reporting of
studies of diagnostic accuracy

Section and topic Item no. On page #

Title/abstract/keywords 1 Identify the article as a study of diagnostic accuracy
(recommend MeSH heading ‘sensitivity and specificity’)

19

Introduction 2 State the research questions or study aims, such as
estimating diagnostic accuracy or comparing accuracy
between tests or across participant groups

19

Methods

Participants 3 The study population: the inclusion and exclusion
criteria, setting and locations where data were collected

19–20

4 Participant recruitment: was recruitment based on
presenting symptoms, results from previous tests, or
the fact that the participants had received the index
tests or the reference standard?

19–20

5 Participant sampling: was the study population a
consecutive series of participants defined by the
selection criteria in item 3 and 4? If not, specify how
participants were further selected

19–20

6 Data collection: was data collection planned before the
index test and reference standard were performed
(prospective study) or after (retrospective study)?

19–20

Test methods 7 The reference standard and its rationale 21

8 Technical specifications of material and methods
involved including how and when measurements were
taken, and/or cite references for index tests and
reference standard

22–23

9 Definition of and rationale for the units, cut-offs and/
or categories of the results of the index tests and the
reference standard

22–23

10 The number, training and expertise of the persons
executing and reading the index tests and the
reference standard

21–23

11 Whether or not the readers of the index tests and
reference standard were blind (masked) to the results
of the other test and describe any other clinical
information available to the readers

24

Statistical methods 12 Methods for calculating or comparing measures of
diagnostic accuracy, and the statistical methods used
to quantify uncertainty (e.g. 95% CIs)

23

13 Methods for calculating test reproducibility, if done ND
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Section and topic Item no. On page #

Results

Participants 14 When study was performed, including beginning and
end dates of recruitment

25

15 Clinical and demographic characteristics of the study
population (at least information on age, gender,
spectrum of presenting symptoms)

28–36

16 The number of participants satisfying the criteria for
inclusion who did or did not undergo the index tests
and/or the reference standard; describe why
participants failed to undergo either test (a flow
diagram is strongly recommended)

27

Test results 17 Time-interval between the index tests and the
reference standard, and any treatment administered
in between

21

18 Distribution of severity of disease (define criteria) in
those with the target condition; other diagnoses in
participants without the target condition

28–36

19 A cross tabulation of the results of the index tests
(including indeterminate and missing results) by the
results of the reference standard; for continuous
results, the distribution of the test results by the results
of the reference standard

37–40

20 Any adverse events from performing the index tests or
the reference standard

36

Estimates 21 Estimates of diagnostic accuracy and measures of
statistical uncertainty (e.g. 95% CIs)

37–40

22 How indeterminate results, missing data and outliers of
the index tests were handled

27

23 Estimates of variability of diagnostic accuracy between
subgroups of participants, readers or centers, if done

37–40

24 Estimates of test reproducibility, if done ND

Discussion 25 Discuss the clinical applicability of the study findings 49–51 and
61–64

MeSH, medical subject heading; ND, not done.
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Appendix 2 Search strategy for the systematic
review

MEDLINE search strategy

URL: http://ovidsp.uk.ovid.com/sp-3.14.0b/ovidweb.cgi

Date range searched: January 2006 to November 2012.

Date of search: 31 October 2011 (updated 30 November 2012).

#1 sepsis.mp. or exp Sepsis/

#2 septic shock.mp. or Shock, Septic/

#3 fung?emia.mp. or Fungemia/

#4 bacter?emia.mp. or Bacteremia/

#5 blood?stream infection$.mp.

#6 blood poison$.mp.

#7 Systemic Inflammatory Response Syndrome/ or SIRS.mp.

#8 septic?emia.mp.

#9 “severe sepsis”.mp.

#10 (presumed adj4 sepsis).mp.

#11 (suspected adj4 sepsis).mp.

#12 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11

#13 PCR.mp. or Polymerase Chain Reaction/

#14 SeptiFast.mp.

#15 LightCycler.mp.

#16 multiplex PCR.mp.

#17 real time PCR.mp.

#18 real?time PCR.mp.

#19 Molecular Diagnostic Techniques/ or molecular diagnosis.mp.

#20 molecular identification.mp.
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#21 #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20

#22 blood cultur$.mp.

#23 Bacteriological Techniques/mt [Methods]

#24 Blood/mi [Microbiology]

#25 #22 or #23 or #24

#26 #12 and #21 and #25

#27 Animals/

#28 #26 not #27

#29 Viruses/

#30 #28 not #29

#31 limit #30 to (humans and yr=“2006 -Current”)

(mp=protocol supplementary concept, rare disease supplementary concept, title, original title, abstract,
name of substance word, subject heading word, unique identifier)
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Appendix 3 Quality assessment of diagnostic
accuracy studies methodology table

Quality indicator Notes

1. Was the spectrum of patients representative of the
spectrum of patients who will receive the test in
practice?

‘Yes’ if the characteristics of the participants are well
described and probably typical of patients with suspected
sepsis. ‘No’ if the sample is unrepresentative of people with
suspected sepsis. ‘Unclear’ if the source or characteristics of
participants is not adequately described

2. Were the selection criteria described? 2a ‘Yes’ by international sepsis definitions, ‘No’ otherwise:
2b ‘Yes’ by some other specified sepsis definition ‘No’
otherwise or 2c ‘Unclear’ if insufficient information provided

3. Is the time period between reference standard and index
test short enough to be reasonably sure the target
condition did not change between the two tests

‘Yes’ if reference and index tests performed on blood
samples drawn at the same time. ‘No’ if tests were
performed on blood samples taken at different times.
‘Unclear’ if insufficient information is provided

4. Is partial verification avoided? ‘Yes’ if all participants who received the index text also
underwent the reference test. ‘No’ if not all the participants
who received the index test also underwent the reference
test. ‘Unclear’ if insufficient information is provided. If not all
participants received the reference tests, how many did not
(of the total)?

5. Is differential verification avoided? ‘Yes’ if the same reference test was used regardless of the
index test results. ‘No’ if different reference tests are used
depending on the results of the index test. ‘Unclear’ if
insufficient information is provided

If any participants received a different reference test, what
were the reasons stated for this, and how many participants
were involved?

6. Was the execution of the index test done in accordance
with the CE-mark protocol?

‘Yes’ as per CE-marked protocol described by manufacturer
(Roche Diagnostics) from January 2006. ‘No’ if CE-mark
protocol breached. ‘Unclear’ if insufficient information
provided. (CE-marked protocol will be provided to the
independent reviewers)

7. Was the execution of the reference standard described
in sufficient detail to permit its replication?

‘Yes’ if clinical standard described and is consistent with
published standard operating procedures. ‘No’ if reference
standard falls short of standard operating procedures.
‘Unclear’ if insufficient information provided. Also comment
on how culture contaminations were defined and reported?

8. Are the reference standard test results blinded? ‘Yes’ if the report stated that the person undertaking the
reference test did not know the results of the index tests, or
if the two tests were carried out in different places. ‘No’ if
the report stated that the same person performed both
tests, or that the results of the index tests were known to
the person undertaking the reference tests. ‘Unclear’ if
insufficient information provided

9. Are the index test results blinded? ‘Yes’ if the report stated that the person undertaking the
index test did not know the results of the reference tests, or
if the two tests were carried out in different places. ‘No’ if
the report stated that the same person performed both
tests, or that the results of the index tests were known to
the person undertaking the reference tests. ‘Unclear’ if
insufficient information provided
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Quality indicator Notes

10. Were uninterpretable results reported? ‘Yes’ if the number of participants in the two-by-two table
matches the number of participants recruited into the study,
or if sufficient explanation is provided for any discrepancy.
‘No’ if the number of participants in the two-by-two table
does not match the number of participants recruited into
the study, and insufficient explanation is provided for any
discrepancy. ‘Unclear’ if insufficient information is given to
permit judgement. Report how many results were
uninterpretable (of the total)

11. Were any withdrawals explained? ‘Yes’ if there are no participants excluded from the analysis,
or if exclusions are adequately described. ‘No’ if there are
participants excluded from the analysis and there is no
explanation given. ‘Unclear’ if not enough information is
given to assess whether or not any participants were
excluded from the analysis. Report how many participants
were excluded from the analysis, for reasons other than
uninterpretable results
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Appendix 4 Consultee information sheet

Molecular diagnosis of hospital infection research project

Introduction
Your relative/friend is being treated in our critical-care service and we understand that this is a difficult
time for you and we appreciate that you are taking time to read this information sheet. Our Critical Care
team aims to provide the best care to all patients and we continually look for better ways to help patients
recover from serious illnesses. Therefore, we have developed a programme of research work that helps
us achieve these aims. We feel your relative/friend is unable to decide for himself/herself whether to
participate in our research at this time. To help decide if he/she should join our current study about
diagnosing infection, we would like to ask your opinion whether or not they would want to be involved.

Why have I been approached at this difficult time?
As a relative/friend of a potential participant in our Critical Care research study, you will have an interest in
your relative/friend’s wellbeing and welfare. We wish to discuss with you whether your relative/friend
would like to take part, because as a result of their critical illness they are unable to understand, consider
and communicate their wishes.

We would ask you to consider what you know of their wishes and feelings, and to consider their interests.
Please let us know of any advance decisions they may have made about participating in research. These
should take precedence. If you decide your relative/friend would have no objection to taking part in our
research study, we will ask you to read the following information sheet and sign the Consultee Declaration
on the last page. We will then give you a copy to keep. When thinking about the wishes of your friend/
relative, it is important that you should set aside any of your own views about the project.

If you decide that your friend/relative would not wish to take part it will not affect the standard of care
they receive in any way. If you are unsure about taking the role of Consultee, we would be happy to
answer any questions you may have and you may seek independent advice. Alternatively, if you would
like further information about being a Consultee please contact . . . . . . . . . . . . . . .. in our hospital
(Tel: . . . . . . . . . . . . . . . . .) who is experienced in this area. We will understand if you do not want to take on
this responsibility.

Before you decide, it is important for you to understand why the research is being done and what it will
involve. Please take time to read the following information carefully. Talk to others about the study if
you wish.

Part 1 tells you the purpose of this study and what will happen to your relative/friend if you agree for
them to take part, Part 2 gives you more detailed information about the conduct of the study.

Ask us if there is anything that is not clear or if you would like more information. Take time to decide
whether or not you want your relative to take part.

The following information is the same as would have been provided to your relative/friend.
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Part 1

What is the purpose of the study?
We know that patients receiving critical care are much more likely to develop infections. Diagnostic tests
are available to help us detect infections but, due to the nature of the tests, results may not be available
for several days. New diagnostic tests are being developed that are designed to produce results in a matter
of hours that could allow patients to be treated more effectively. However, these new tests have to be fully
evaluated in clinical research studies to see how well they perform in detecting infections compared with
the tests we currently use.

The purpose of this study is to evaluate a new molecular test that tells us whether or not bacteria or
bacterial fragments are present in the blood of patients receiving critical care who are suspected of having
an infection.

Why has my relative/friend been chosen?
Your relative/friend has been chosen because they are receiving critical care and may develop an infection.
If you agree, your relative/friend will be one of over 300 patients taking part in this study in this hospital.

Do they have to take part?
No. It is up to you to decide whether or not your relative/friend will take part. If you do agree, you will be
given this information sheet to keep and be asked to sign a form (a Consultee Declaration Form). A
decision to withdraw at any time, or a decision not to take part can be made by you and will not affect
the standard of care your relative/friend will receive. Any samples taken will be destroyed.

What will happen to my relative/friend if they take part?
All patients receiving critical care have frequent blood samples taken as part of their routine clinical care
for diagnostic testing. If your relative/friend is in the study, an additional volume of blood (equivalent to
1–2 tablespoons) will be removed on each occasion an infection is suspected and where a blood sample is
being taken as part of routine critical care. Only about 1 in 4 patients will require further investigation for
infection and therefore it is most likely that your relative/friend will only provide one research sample of
1–2 tablespoons of blood during their critical care. This sample will be taken to the research laboratory for
analysis. In addition, part of the blood sample will be stored until the end of the study so that it can be
re-analysed using other infection tests currently being developed. At the end of this 5-year project, all
blood samples will be disposed of.

What are the possible disadvantages and risks of taking part?
We do not feel there are any risks or disadvantage of taking part. The care and treatment of your partner,
relative or friend will be the same whether they are included in the study or not.

What are the possible benefits of taking part?
There will be no immediate benefit to your relative/friend. We will need to analyse the results in all
patients in the study very carefully before we will know how well the new tests perform compared with
existing tests. We hope that the information gathered will benefit future patients.

Will being part of the study be confidential?
Yes. All the information about your relative/friend’s participation in the study will be confidential.
See Part 2.

Contact details
If you require any further information about the study, please contact Dr . . . . . . . . ., Consultant in Intensive
Care Medicine by telephoning . . . . . . . . . . . . . . . and requesting contact by bleep.
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Part 2

Complaints
If you have any complaints about any aspect of this study, you should ask to speak with the researchers
who will do their best to answer your questions. (contact number Dr . . . . . . . . . . . Tel: . . . . . . . .). If you
remain unhappy and wish to complain formally, you can do this through the NHS complaints procedure.
Details can be obtained from the hospital.

Harm
We do not foresee any harm occurring to your relative/friend. However, in the event that something does
go wrong and your relative/friend is harmed during the research, there are no special compensation
arrangements. If your partner, relative or friend is harmed and this is due to negligence then you may have
grounds for a legal action against Salford Royal NHS Foundation Trust. The normal National Health Service
complaints mechanism will still be available to you.

Confidentiality
Any information that is collected about your relative/friend during the course of the research will be kept
strictly confidential. Any information about your relative/friend that leaves the hospital will have any
identifying information removed from it.

All procedures for handling, processing storage and destruction of data are compliant with the Data
Protection Act 1998.107

All research samples will be labelled with a unique number so your relative/friend cannot be identified
by our research team. The Principal Clinical Investigator of this study (. . . . . . . .) will be able to link,
confidentially, this unique number with your relative’s hospital records, to help us discover how well our
new test performs compared with the results of routine tests recorded in the hospital notes.

Samples
One additional blood sample (1–2 tablespoons) over and above those taken for routine clinical diagnostic use
will be taken on a single day of your relative’s stay on the critical care unit. On average, about 1 in 4 patients
may require this sample to be repeated on subsequent days during critical care as explained above.

What will happen to the results of the research study?
Results may be presented in local or regional medical meetings. They may also be published in relevant
medical journals. No information that could identify your relative/friend will be contained in any published
or presented material.

Who is funding the research?
The National Institute for Health Research, Health Technology Assessment programme.

Who has reviewed the study?
This study was given a favourable ethical opinion for conduct in the NHS by Greater Manchester South
Research Ethics Committee.

Thank you for reading this information sheet at this difficult time.
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Appendix 5 Consultee declaration form

Centre Number:  

Study Number:  
 
Patient Identification Number for this study: 

CONSULTEE DECLARATION FORM 
Title of Project: Molecular diagnosis of hospital infection 
Name of Researcher:   
                                                                                                                          Please initial box 
1. I ………………………………………..(name of consultee) have been consulted  
about ………………………………… (name of potential participant) participation 
in this research project. I have had the opportunity to ask questions about the study  
and understand what is involved . 
 
 
2. In my opinion, he/she would have no objection to taking part in the above study 
 
 
3. I understand that the participation of my relative/friend in this study is voluntary                                       
and that I am free to withdraw he/she from the study at any time, without giving any         
reason and without their medical care or legal rights being affected. 
 
 
4. I understand that relevant sections of his/her care record and data collected during  
the study may be looked at by responsible individuals involved in this study.  
In my opinion, he/she would not have objected to these individuals having access to  
his/her care records.                              
 
5. I understand that the results of this study will be saved by us for up to 5 years to  
allow direct comparison with similar studies performed by others. Any saved results  
will remain confidential and the identity of your relative will not be revealed. 
 
 
---------------------------------   ---------------  ---------------------- 
Name of Consultee    Date   Signature 
 
Relationship to participant --------------------------------- 
 
 
---------------------------------                                  ---------------  ---------------------- 
Person undertaking consultation   Date   Signature 
(if different from researcher) 
 
 
---------------------------------   ---------------  ------------------- 
Name of researcher    Date   Signature 
I copy for consultee, 1 copy for researcher, 1 copy (original) to be kept with hospital notes 
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Appendix 6 Participant information sheet:
capacity at study commencement

Centre number:

Study number:

Patient consent at commencement: patient information sheet

Title of project: molecular diagnosis of hospital infection
We would like to inform you about our research study involving patients receiving critical care in this
hospital and to ask if you would read the following information sheet. It is important for you to
understand why the research is being done and what it involves. Please read the following information
carefully and, if you wish, discuss it with your relatives or friends. Ask if there is anything that is unclear or
if you would like any more information. Thank you for reading this.

What is the purpose of the study?
Patients receiving critical care in this hospital are at high risk of developing an infection due to the
seriousness of their illness and because of the support treatments required. Diagnostic tests are available to
help us detect infections but, due to the nature of the tests, results may not be available for several days.
New diagnostic tests are being developed that are designed to produce results in a matter of hours that
could allow patients to be treated more effectively. However, these new tests have to be properly
evaluated in clinical research studies to see how well they perform in detecting infections compared to the
tests we currently use. The purpose of this study is to evaluate new molecular tests that tell us whether or
not bacteria or bacterial fragments are present in the blood of patients receiving critical care who are
suspected of having an infection.

Why was I chosen and what happened to me?
You have developed signs and symptoms that can indicate infection and therefore you require a routine
blood sample to be taken from you. This sample is sent to the microbiology laboratories in the hospital to
try to determine whether this is the case. This is done as part of your routine care. In addition, as part of
our research study, we wish to take an extra sample of blood equivalent to about two tablespoons at
the same time. This sample will be included in our study of new diagnostic tests of infection in our
laboratories. Should it be necessary to take further samples to investigate new infection we would also
wish to repeat the research sample of 1–2 tablespoons blood, however it is most likely that this will not
occur because only about 1 in 4 patients require resampling. Your inclusion will not influence in any way
the care that you receive.

What if something had gone wrong?
Samples of blood are taken from patients receiving critical care most days as part of the routine tests and
monitoring of a patient’s condition and progress. Sampling of blood is associated with very low risk to the
patient. This study involves taking one extra blood sample on one occasion only. However, if you wish to
complain about any aspect of the way you have been approached or treated during the course of this
study, the normal National Health Service complaint mechanism is available to you.

What happens now?
Your remaining treatment and stay in hospital will continue as normal. There is no need for you to
undergo any special tests or investigations or for you to be inconvenienced in any way.
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Why are you explaining this to me?
As part of this study, a blood sample and medical information about your care will be collected. If you give
your permission, the stored blood sample and medical information can be used in the research study and you
will be asked to sign a consent form. This research project will run for a maximum of 5 years and will include a
large number of patients treated in our critical-care service. All blood samples and related information will be
destroyed at the end of this period. Information in your hospital record remains unaffected.

Will my taking part be kept confidential?
Any information that is collected about you during the course of the research will be kept strictly
confidential. Any information about you that leaves the hospital will have any identifying information
removed from it. All procedures for handling, processing storage and destruction of data are compliant
with the Data Protection Act 1998.107

All research samples will be labelled with a unique number so you cannot be identified by our research
team. The Principal Clinical Investigator of the study at this hospital (. . . . . . . . . . . . . . .) will be able to link,
confidentially, this unique number with your hospital records, to help us discover how well our new test
performs compared with the results of routine tests recorded in the hospital notes.

What will happen to the results of the research study?
Although this study is planned over a 5-year period, early important results will be available after the first
2 years, which will be published by the summer of 2013, with subsequent more detailed results over the
following 3 years. If you would like a copy of the published results please contact the Principal Clinical
Investigator at this hospital (. . . . . . . . . . . . . . .).

Please ask us if there is anything that is unclear or if you would like any more information. We thank you
for reading this information sheet.

Who is funding the research?
The National Institute for Health Research, Health Technology Assessment programme.

Who has reviewed the study?
This study was given a favourable ethical opinion for conduct in the NHS by Greater Manchester South
Research Ethics Committee.

Contact details
If you require any further information about the study, please contact . . . . . . . . . . . . . ., Consultant in
Intensive Care Medicine by telephoning . . . . . . . . . . . . . . . . . . and requesting contact by bleep.

Complaints
If you have any complaints about any aspect of this study, you should ask to speak with the senior
researcher (. . . . . . . . . . . .) who will do his best to answer any queries. If you would like to speak to
someone who is independent of the study please contact . . . . . . . . . . . . . . . . . Tel: . . . . . . . . . . . If you remain
unhappy and wish to complain formally, you can do this through the NHS complaints procedure. Details
can be obtained from the hospital.
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Appendix 7 Participant consent form: capacity at
study commencement

Centre Number:  

Study Number:  
 
Patient Identification Number for this study:  

PATIENT CONSENT FORM AT STUDY COMMENCEMENT-  
 
Title of Project: Molecular diagnosis of hospital infection 
 
Name of Researcher:  
                                                                                                                                      Please initial box 
1. I confirm that I have read and understand the information sheet dated …………. 
 (V…) for the above study. I have had the opportunity to consider the information, 
 ask questions and have had these answered satisfactorily. 
 
 
2. I understand that my participation is voluntary and that I am free to withdraw at any                                      
time without giving any reason, without my medical care or legal rights being affected. 
 
 
3.  I understand that relevant sections of my medical notes and data collected  
during the study may be looked at by responsible individuals involved in this study.  
I give my permission for these individuals to have access to my records.  
 
 
4. I understand that the results of this study will be saved for up to 5 years to allow  
direct comparison with similar studies performed by others. I give my permission  
for this to occur. 
 
 
5. I agree to take part in the above study 
 
 
 
---------------------------------   ---------------  ---------------------- 
Name of Patient     Date   Signature 
 
 
 
 
---------------------------------   ---------------  ------------------- 
Name of researcher taking consent  Date   Signature 
 
1 copy for participant, 1 copy for researcher, 1 copy (original) to be kept with hospital notes 
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Appendix 8 Participant information sheet:
recovered capacity

Centre number:

Study number:

Patient consent at recovery: patient information sheet

Title of project: molecular diagnosis of hospital infection

Introduction
When you became ill, we felt you were unable to say whether or not you should join a study we are
conducting. We asked . . . . . . . . . . . . . . . . . . . for his/her advice. Now you are recovering, we want to ask
whether you would agree to continue in the study. You are free to withdraw from the study if you wish
to. It is important for you to understand why the research is being done and what it involves. Please read
the following information carefully and, if you wish, discuss it with your relatives or friends. Ask if there is
anything that is unclear or if you would like any more information. Thank you for reading this.

What is the purpose of the study?
Patients receiving critical care in this hospital are at high risk of developing an infection due to the
seriousness of their illness and because of the support treatments required. Diagnostic tests are available to
help us detect infections but, due to the nature of the tests, results may not be available for several days.
New diagnostic tests are being developed that are designed to produce results in a matter of hours that
could allow patients to be treated more effectively. However, these new tests have to be properly
evaluated in clinical research studies to see how well they perform in detecting infections compared to the
tests we currently use. The purpose of this study is to evaluate a new molecular test that tells us whether
or not bacteria or bacterial fragments are present in the blood of patients receiving critical care who are
suspected of having an infection.

Why was I chosen and what happened to me?
During your stay, you developed signs and symptoms that can indicate infections that required the taking
of routine blood samples. These samples were sent to the microbiology laboratories in the hospital to try
to determine whether this was the case. This was done as part of your routine care. In addition, as part of
our research study, extra samples of blood equivalent to about two tablespoons were taken at the same
time. Research samples were taken from you on . . . . . . occasions. These samples were included in our
study of new diagnostic tests of infection. Your inclusion did not influence in any way the care that you
received and no research samples were taken or required from you.

What if something had gone wrong?
Samples of blood are taken from patients receiving critical care most days as part of the routine tests and
monitoring of a patient’s condition and progress. Sampling of blood is associated with very low risk to the
patient. This study involved taking one extra blood sample on . . . . . . occasion(s). However, if you wish to
complain about any aspect of the way you have been approached or treated during the course of this
study, the normal National Health Service complaint mechanism is available to you.

What happens now?
Your remaining stay in hospital will continue as normal. There is no need for you to undergo any special
tests or investigations or for you to be inconvenienced in any way.
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Why are you explaining this to me?
As part of this study, blood samples and medical information about your care were collected. If you give your
permission, the stored blood samples and medical information can be used in the research study and you
will be asked to sign a consent form. This research project will run for a maximum of 5 years and will include
a large number of patients treated in our critical-care service. All blood samples and related information will
be destroyed at the end of this period. Information in your hospital record remains unaffected.

Will my taking part be kept confidential?
Any information that is collected about you during the course of the research will be kept strictly
confidential. Any information about you that leaves the hospital will have any identifying information
removed from it. All procedures for handling, processing, storage and destruction of data are compliant
with the Data Protection Act 1998.107

All research samples will be labelled with a unique number so you cannot be identified by our research
team. The Principal Clinical Investigator of the study at this hospital (. . . . . . . . . . . Tel: . . . . . . . . .) will be able
to link, confidentially, this unique number with your hospital records, to help us discover how well our new
test performs compared with the results of routine tests recorded in the hospital notes.

What will happen to the results of the research study?
Although this study is planned over a 5-year period, early important results will be available after the first
2 years, which will be published by the summer of 2012, with subsequent more detailed results over the
following 3 years. If you would like a copy of the published results please contact the Principal Clinical
Investigator at this hospital (. . . . . . . . . Tel: . . . . . . . . .).
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Appendix 9 Participant consent form:
recovered capacity

Centre Number:    

Study Number: 
 
Patient Identification Number for this study: 

PATIENT CONSENT FORM 
 
Title of Project: Molecular diagnosis of hospital infection 
 
Name of Researcher:                                                        
                                                                                                                         Please initial box 
1. I confirm that I have read and understand the information sheet dated …………. 
 (V……..) for the above study. I have had the opportunity to consider the information, 
 ask questions and have had these answered satisfactorily. 
 
 
2. I understand that my participation is voluntary and that I am free to withdraw at any                                      
time without giving any reason, without my medical care or legal rights being affected. 
 
 
3.  I understand that relevant sections of my medical notes and data collected during  
the study may be looked at by responsible individuals involved in this study. I give  
my permission for these individuals to have access to my records.  
 
 
4. I understand that the results of this study will be saved by us for up to 5 years                                          
to allow direct comparison with similar studies performed by others. I give my  
permission for this to occur. 
 
 
5. I agree to take part in the above study 
 
 
 
---------------------------------   ---------------  ---------------------- 
Name of Patient     Date   Signature 
 
 
 
 
---------------------------------   ---------------  ------------------- 
Name of researcher taking consent  Date   Signature 
 
1 copy for participant, 1 copy for researcher, 1 copy (original) to be kept with hospital notes 
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Appendix 10 Clinical data collected for SeptiFast
diagnostic validity study

Clinical case record form

Molecular diagnosis of hospital infection –  Case Record Form Version 2.4 Minor Corrections 22/09/11 
HTA – 08/13/16           
 S/W/M/B Patient Trial 

Number 
 Last four digits 

of Patient ID 
 Date of Sample  Time of Sample 

Sample ID 
Number 

                      

 

 
 

 
Case Record Form (Final Version 1.1 - 29/07/2010) 

 
The clinical diagnostic validity of rapid detection of healthcare-associated 

blood stream infection in intensive care using multi-pathogen real-time 
polymerase chain reaction (RT-PCR) technology 

 
HTA project No: 08/13/16 

Investigators:  
 

Dr G Warhurst1 
Consultant NHS Scientist 
Tel:  
 

Dr PM Dark2 
Senior Lecturer / Honorary Consultant Intensivist 
Tel:  
Pager:  
 

Dr A Bentley3 

Consultant in Respiratory & Critical Care Medicine 
Tel:  
 

Dr J Eddleston4 

Consultant in Intensive Care Medicine 
Tel:  
 

Dr P Dean5 
Consultant Anaesthesia and Intensive Care Medicine 
Tel:   
 
1 Clinical Sciences Building, Salford Royal NHS Foundation Trust, M6 8HD 
2  Intensive Care Unit, Salford Royal NHS Foundation Trust, M6 8HD 
3 Acute Intensive Care Unit, University Hospital of South Manchester M23 9LT 
4 Intensive Care Department, Central Manchester University Hospitals, M13 9WL 
5 Intensive Care Department, Royal Blackburn Hospital, BB2 3HH 
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Molecular diagnosis of hospital infection –  Case Record Form Version 2.4 Minor Corrections 22/09/11 
HTA – 08/13/16           
 S/W/M/B Patient Trial 

Number 
 Last four digits 

of Patient ID 
 Date of Sample  Time of Sample 

Sample ID 
Number 

                      

 

 
 

SIRS Criteria  
 
HR:  > 90 bpm      Temp: <36 or >38    
 
RR:  > 20 breaths/min   WBC:  > 12,000 or < 4,000 c/mm 

or PaCO2 < 4.3 kPa      or > 10% bands   
or Mechanically ventilated 
 

Recruitment 
 
 
Inclusion criteria 
 
Patient must meet all the following criteria to be eligible for recruitment into the study 
 

· Patient currently receiving critical care 
 

· Patient 16yrs or over 
 

· Suspected HCAI infection  
 

· Patient meets the SIRS Criteria 
 
Exclusion criteria:  
 
Any patient must be excluded if they are any of the following 
 

· Patient admitted to hospital < 48 hours  
 

· Patient under 16yrs 
 

· Patients is on care of the dying pathway 
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Molecular diagnosis of hospital infection –  Case Record Form Version 2.4 Minor Corrections 22/09/11 
HTA – 08/13/16           
 S/W/M/B Patient Trial 

Number 
 Last four digits 

of Patient ID 
 Date of Sample  Time of Sample 

Sample ID 
Number 

                      

 

 
 

 
Significant admission details & specific details regarding last 7 days 
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Molecular diagnosis of hospital infection –  Case Record Form Version 2.4 Minor Corrections 22/09/11 
HTA – 08/13/16           
 S/W/M/B Patient Trial 

Number 
 Last four digits 

of Patient ID 
 Date of Sample  Time of Sample 

Sample ID 
Number 

                      

 

 
 

Trial Sample Data 
 
 
Reason for BC / significant events 
 
 
 
 
 
 
 

 

 
Sample Labelling  
 

          
         

Primary PCR Sample  Secondary PCR Sample    Whole Blood      Plasma    
                      
                      
Number of Plasma aliquots   Date  spun             Time spun       
                 

 
 
Sample transport 

 
Transport arranged with trials office for: 
(Tel: 0161 206 0145) 
Samples given to courier    

 
Nurse:      Recipient:    

 
Signature:     Signature: 
 
 
 

 Date Site Time Designation 
Primary BC      /     /         

 

   

Primary PCR 
samples 4ml 

    /     /         
 

   

Secondary PCR 
Sample   

    /     /         
 

   

Whole Blood 1     /     /         
 

   
Whole Blood 2     /     /         

 

   
Secondary BC     /     /         

 

   

Date:     /     /         

Date:     /     /         
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Molecular diagnosis of hospital infection –  Case Record Form Version 2.4 Minor Corrections 22/09/11 
HTA – 08/13/16           
 S/W/M/B Patient Trial 

Number 
 Last four digits 

of Patient ID 
 Date of Sample  Time of Sample 

Sample ID 
Number 

                      

 

 
 

Assent/Consent 
 
 
Assent Checklist 
        Yes  No    
 
Can patient consent at approach  
 
Relative / Patients information sheet reviewed     
 
Written and informed assent obtained      
 
Copy of assent form given to relative/ patient   * 
* (If ‘no’ arrange for deferred assent from Independent mental capacity advocate) 
 
Patient Consent obtained from survivors       
 
Assent appointments & Notes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*
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Molecular diagnosis of hospital infection –  Case Record Form Version 2.4 Minor Corrections 22/09/11 
HTA – 08/13/16           
 S/W/M/B Patient Trial 

Number 
 Last four digits 

of Patient ID 
 Date of Sample  Time of Sample 

Sample ID 
Number 

                      

 

 
 

Patient Observations 
Day Zero 

 
a) Patient’s observations at initial sampling 

Critical Care minimum dataset derived score 
 

Score 0 1 2   
 No support Basic Support Advanced 

Support 
  

Respiratory support      
Cardiovascular support      
Renal Support      
Neurological Support      
GI Support      
Dermatological Support      
Liver Support      CCMDS Score 

SubTotal    =  
 

Yes No Yes No
Indwelling urinary catheter in-situ      Urinary catheter within last 7 days   

 

  
    
Other bladder instrumentation in-situ     Other bladder instrumentation with last 7days    
    
Peripheral intravascular catheter in-situ     Peripheral intravascular catheter within last 7 days   
    
Peripheral venous in-situ    Peripheral venous in-situ within last 7 days  
    
Peripheral Arterial in-situ     Peripheral Arterial in-situ within last 7 days     
    
Central intravascular catheter in-situ     Central intravascular catheter within last 7 days    
    
Mechanical ventilation     Mechanical ventilation within last 7 days    
    
Parenteral nutrition     Parenteral nutrition within last 7 days    
    
Currently receiving systemic antibiotics     IV antibiotics within last 7 days    
    
Picc Line      Picc Line within last 7 days 
       

 Surgery within last 30 days      Other invasive procedure within last 7 days    

  

  

 

 

  

  

  

  

  

  
 
  

Date:     /     /         

  Supporting Treatments 
WCC   

BP   
HR   

Temp   
FiO2   
PaO2   
CRP   
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Molecular diagnosis of hospital infection –  Case Record Form Version 2.4 Minor Corrections 22/09/11 
HTA – 08/13/16           
 S/W/M/B Patient Trial 

Number 
 Last four digits 

of Patient ID 
 Date of Sample  Time of Sample 

Sample ID 
Number 

                      

 

 
 

 
Patient Observations 

Day Zero 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Any relevant imaging for infection source identification? 
 
 
 
Any relevant procedures for infection source identification? 
 
 

Date:     /     /         

Clinical Pulmonary infection score calculation  

Temperature (°C) 
Circle corresponding 

score 
Between 36.5 and 38.4  0 
Between 38.5 and  38.9 1 
Less than 36  or greater than 39 2 

Blood leukocytes, mm3  
Between  4,000 and 11,000  0 
Less than 4,000 or greater than 11,000  1 
+ band forms > equal to 50% 1 
Tracheal secretions  
Absence of tracheal secretions 0 
Presence  of non-purulent tracheal secretions 1 
Presence of purulent tracheal secretions  2 
Oxygenation: PaO2/FiO2, KPa (may need to ask Consultant or Registrar) 
  
Greater than 32 or ARDS (ARDS defined as PaO2/FiO2, or equal to 26.7, pulmonary 
arterial wedge pressure less than 18 mmHg and acute bilateral inflitrates) 0 
Less than  or equal to 32 and no ARDS  2 
 
Pulmonary radiography (ask Consultant or Registrar  on Unit)  
No infiltrate 0 
Diffuse (or patchy infiltrate) 1 
Localized infiltrate 2 
Progression of pulmonary infiltrate  
No radiographic progression 0 
Radiographic progression (after CHF and ARDS excluded) 2 
 
Culture of Tracheal aspirate (can be scored at Clinical Adjudication)  
Pathogenic bacteria cultured in rare or light quantity or no growth 0 
Pathogenic bacteria cultured in moderate or heavy quantity  1 
Same pathogenic bacteria seen on Gram stain 1 

Total  
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Molecular diagnosis of hospital infection –  Case Record Form Version 2.4 Minor Corrections 22/09/11 
HTA – 08/13/16           
 S/W/M/B Patient Trial 

Number 
 Last four digits 

of Patient ID 
 Date of Sample  Time of Sample 

Sample ID 
Number 

                      

 

 
 

Patient Surveillance 
Study Day  1 

 
 

Significant Clinical events  
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 

Critical Care minimum dataset derived score 
 

Score 0 1 2   
 No support Basic Support Advanced 

Support 
  

Respiratory support      
Cardiovascular support      
Renal Support      
Neurological Support      
GI Support      
Dermatological Support      
Liver Support      CCMDS Score 

SubTotal    =  

 
 

Date:     /     /         

Observations 
 

 Supporting Treatments 

WCC   
Temp   

HR   
BP   

FiO2   
PaO2   
CRP   
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Molecular diagnosis of hospital infection –  Case Record Form Version 2.4 Minor Corrections 22/09/11 
HTA – 08/13/16           
 S/W/M/B Patient Trial 

Number 
 Last four digits 

of Patient ID 
 Date of Sample  Time of Sample 

Sample ID 
Number 

                      

 

 
 

Patient Surveillance 
Study Day  2 

 
 

Significant Clinical events  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Critical Care minimum dataset derived score 
 

Score 0 1 2   
 No support Basic Support Advanced 

Support 
  

Respiratory support      
Cardiovascular support      
Renal Support      
Neurological Support      
GI Support      
Dermatological Support      
Liver Support      CCMDS Score 

SubTotal    =  
 
 

     

 

Date:     /     /         

Observations 
 

 Supporting Treatments 

WCC   
Temp   

HR   
BP   

FiO2   
PaO2   
CRP   
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Molecular diagnosis of hospital infection –  Case Record Form Version 2.4 Minor Corrections 22/09/11 
HTA – 08/13/16           
 S/W/M/B Patient Trial 

Number 
 Last four digits 

of Patient ID 
 Date of Sample  Time of Sample 

Sample ID 
Number 

                      

 

 
 

 
 
 

Patient Surveillance 
Study Day  3 

 
 

Significant Clinical events  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Critical Care minimum dataset derived score 
 

Score 0 1 2   
 No support Basic Support Advanced 

Support 
  

Respiratory support      
Cardiovascular support      
Renal Support      
Neurological Support      
GI Support      
Dermatological Support      
Liver Support      CCMDS Score 

SubTotal    =  

Date:     /     /         

Observations 
 

 Supporting Treatments 

WCC   
Temp   

HR   
BP   

FiO2   
PaO2   
CRP   
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Molecular diagnosis of hospital infection –  Case Record Form Version 2.4 Minor Corrections 22/09/11 
HTA – 08/13/16           
 S/W/M/B Patient Trial 

Number 
 Last four digits 

of Patient ID 
 Date of Sample  Time of Sample 

Sample ID 
Number 

                      

 

 

 
 
 

Patient Surveillance 
Study Day  4 

 
 

Significant Clinical events  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Critical Care minimum dataset derived score 
 

Score 0 1 2   
 No support Basic Support Advanced 

Support 
  

Respiratory support      
Cardiovascular support      
Renal Support      
Neurological Support      
GI Support      
Dermatological Support      
Liver Support      CCMDS Score 

SubTotal    =  

Date:     /     /         

Observations 
 

 Supporting Treatments 

WCC   
Temp   

HR   
BP   

FiO2   
PaO2   
CRP   
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Molecular diagnosis of hospital infection –  Case Record Form Version 2.4 Minor Corrections 22/09/11 
HTA – 08/13/16           
 S/W/M/B Patient Trial 

Number 
 Last four digits 

of Patient ID 
 Date of Sample  Time of Sample 

Sample ID 
Number 

                      

 

 
 

 
 
 

Patient Surveillance 
Study Day  5 

 
 
Significant Clinical events  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Critical Care minimum dataset derived score 
 

Score 0 1 2   
 No support Basic Support Advanced 

Support 
  

Respiratory support      
Cardiovascular support      
Renal Support      
Neurological Support      
GI Support      
Dermatological Support      
Liver Support      CCMDS Score 

SubTotal    =  

Date:     /     /         

Observations 
 

 Supporting Treatments 

WCC   
Temp   

HR   
BP   

FiO2   
PaO2   
CRP   
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Molecular diagnosis of hospital infection –  Case Record Form Version 2.4 Minor Corrections 22/09/11 
HTA – 08/13/16           
 S/W/M/B Patient Trial 

Number 
 Last four digits 

of Patient ID 
 Date of Sample  Time of Sample 

Sample ID 
Number 

                      

 

 
 

 
 

Patient Surveillance 
Study Day  6 

 
 
Significant Clinical events  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Critical Care minimum dataset derived score 
 

Score 0 1 2   
 No support Basic Support Advanced 

Support 
  

Respiratory support      
Cardiovascular support      
Renal Support      
Neurological Support      
GI Support      
Dermatological Support      
Liver Support      CCMDS Score 

SubTotal    =  

Date:     /     /         

Observations 
 

 Supporting Treatments 

WCC   
Temp   

HR   
BP   

FiO2   
PaO2   
CRP   
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Molecular diagnosis of hospital infection –  Case Record Form Version 2.4 Minor Corrections 22/09/11 
HTA – 08/13/16           
 S/W/M/B Patient Trial 

Number 
 Last four digits 

of Patient ID 
 Date of Sample  Time of Sample 

Sample ID 
Number 

                      

 

 
 

 
Patient Surveillance Summary 

 
Patient Outcome 
 

· Critical care length of stay (total) on this admission  
 

· 28 day survival  
 

· Survival to hospital discharge 
 
Any Study related adverse or critical incidences No   …if No this form is now ready for clinical sign off 
 Yes  …if yes Detail below 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Signature of Completion  
 
 
 
All relevant sections of CRF is complete  
Any loose sheets stapled to rear of CRF  
Emailed trials office to signify completion    

 
 
Name: ______________________________       

 
 
Signature: ____________________________ 

 

Y/

Y/
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 S/W/M/B Patient Trial 

Number 
 Last four digits 

of Patient ID 
 Date of Sample  Time of Sample 

Sample ID 
Number 

                      

 

 
 

Summary of definitions of levels of organs support in the critical care minimum data set  
 

Organ System Definition of level support 
Basic Respiratory • > 50% oxygen delivered by face mask 

 
• Close observation due to the potential for acute deterioration 
 
• Physiotherapy or suction to clear secretions at least two hourly 
 
• Patients recently extubated after a prolonged period of intubation and mechanical ventilation 
 
• Mask CPAP or non-invasive ventilation. 
 
• Patients who are intubated to protect the airway but needing no ventilatory support and who 
are otherwise stable 

Advanced Respiratory • Invasive mechanical ventilatory support 
 
• Extracorporeal respiratory support 

Basic Cardiovascular • Treatment of circulatory instability due to hypovolaemia 
 
• Use of a CVP line for basic monitoring or central access 
 
• Use of an arterial line for basic monitoring or sampling 
 
• Single intravenous vasoactive 
 
• Intravenous drugs to control cardiac arrhythmias 
 
• Non-invasive measurement of cardiac 

Advanced cardiovascular • Multiple intravenous vasoactive and/or rhythm controlling drugs 
 
• Patients resuscitated after cardiac arrest where intensive therapy is considered clinically 
appropriate. 
 
• Observation of cardiac output and derived 
 
• Intra aortic balloon pumping. 
 
• Temporary cardiac 
 
• Placement of a gastrointestinal tonometer 

Renal • Acute renal replacement therapy 
Neurological • Central nervous system depression sufficient to prejudice the airway and protective reflexes 

 
• Invasive neurological monitoring 
 
• Severely agitated or epileptic patients requiring constant nursing attention and/or heavy 
sedation 

Gastrointestinal • Feeding with parenteral or enteral nutrition 
Dermatological • Patients with major skin rashes, exfoliation or burns 

 
• Use of multiple, large trauma dressings 
 
• Use of complex dressings 

Liver • Extracorporeal liver replacement device 
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 S/W/M/B Patient Trial 

Number 
 Last four digits 

of Patient ID 
 Date of Sample  Time of Sample 

Sample ID 
Number 

                      

 

 
 

-Use handbook definitions please- 
Clinical Adjudication (Within previous 7 days from sample date) 

 
No Yes Yes No 

Bloodstream infection (BSI)       Picc Line Related      
         
     Central line related    
         
     Peripheral line related    
         
     Cannula Related    
         
     Arterial line related    

 
 

No Yes Yes No 
Pneumonia           

Type of pneumonia   
 
    

Clinically defined pneumonia     Secondary bloodstream infection    
Pneumonia with specific laboratory findings       
Pneumonia in immunocompromised patients      Ventilator related pneumonia    

 
 
 
  

No Yes Yes No 
Urinary tract infection           

Type of UTI   
 
    

Symptomatic urinary tract infection     Secondary bloodstream infection    
Asymptomatic bacteraemia       
Other infection of the urinary tract     Catheter related    

 
 
 

No Yes Yes No 
Surgical site infection           

Type of SSI   
 
    

Superficial incisional     Secondary bloodstream infection    
Deep incisional        
Organ/Space     Procedure category (Appendix )    
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Molecular diagnosis of hospital infection –  Case Record Form Version 2.4 Minor Corrections 22/09/11 
HTA – 08/13/16           
 S/W/M/B Patient Trial 

Number 
 Last four digits 

of Patient ID 
 Date of Sample  Time of Sample 

Sample ID 
Number 

                      

 

 
 

 
-Use handbook definitions please- 

 
 
 
Other healthcare associated infections (within previous 7 days from sample date) 
 

 Device/procedure 
related 

Secondary BSI 

   
No Yes Yes No Yes No 

Bone and Joint            
            
Central nervous system            
            
Cardiovascular system            
            
Eyes, ENT or Mouth            
            
Gastrointestinal system            
            
Reproductive tract            
            
Skin & Soft tissue            
            
Systemic infection            
            
Lower respiratory tract –not pneumonia            
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 S/W/M/B Patient Trial 

Number 
 Last four digits 

of Patient ID 
 Date of Sample  Time of Sample 

Sample ID 
Number 

                      

 

 
 

-Use handbook definitions please- 
Clinical Adjudication (sample day only) 

 
No Yes Yes No 

Bloodstream infection (BSI)       Picc Line Related      
         
     Central line related    
         
     Peripheral line related    
         
     Cannula Related    
         
     Arterial line related    

 
 

No Yes Yes No 
Pneumonia           

Type of pneumonia   
 
    

Clinically defined pneumonia     Secondary bloodstream infection    
Pneumonia with specific laboratory findings       
Pneumonia in immunocompromised patients      Ventilator related pneumonia    

 
 
 
  

No Yes Yes No 
Urinary tract infection           

Type of UTI   
 
    

Symptomatic urinary tract infection     Secondary bloodstream infection    
Asymptomatic bacteraemia       
Other infection of the urinary tract     Catheter related    

 
 
 

No Yes Yes No 
Surgical site infection           

Type of SSI   
 
    

Superficial incisional     Secondary bloodstream infection    
Deep incisional        
Organ/Space     Procedure category (Appendix )    
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 S/W/M/B Patient Trial 

Number 
 Last four digits 

of Patient ID 
 Date of Sample  Time of Sample 

Sample ID 
Number 

                      

 

 
 

 
 

-Use handbook definitions please- 
 
 
Other healthcare associated infections (sample day only) 

 Device/procedure 
related 

Secondary BSI 

   
No Yes Yes No Yes No 

Bone and Joint            
            
Central nervous system            
            
Cardiovascular system            
            
Eyes, ENT or Mouth            
            
Gastrointestinal system            
            
Reproductive tract            
            
Skin & Soft tissue            
            
Systemic infection            
            
Lower respiratory tract –not pneumonia            
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 S/W/M/B Patient Trial 

Number 
 Last four digits 

of Patient ID 
 Date of Sample  Time of Sample 

Sample ID 
Number 

                      

 

 
 

-Use handbook definitions please- 
 

Clinical Adjudication (within 7 days following sample day) 
 

No Yes Yes No 
Bloodstream infection (BSI)       Picc Line Related      
         
     Central line related    
         
     Peripheral line related    
         
     Cannula Related    
         
     Arterial line related    

 
 

No Yes Yes No 
Pneumonia           

Type of pneumonia   
 
    

Clinically defined pneumonia     Secondary bloodstream infection    
Pneumonia with specific laboratory findings       
Pneumonia in immunocompromised patients      Ventilator related pneumonia    

 
 
 
  

No Yes Yes No 
Urinary tract infection           

Type of UTI   
 
    

Symptomatic urinary tract infection     Secondary bloodstream infection    
Asymptomatic bacteraemia       
Other infection of the urinary tract     Catheter related    

 
 
 

No Yes Yes No 
Surgical site infection           

Type of SSI   
 
    

Superficial incisional     Secondary bloodstream infection    
Deep incisional        
Organ/Space     Procedure category (Appendix )    
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 S/W/M/B Patient Trial 

Number 
 Last four digits 

of Patient ID 
 Date of Sample  Time of Sample 

Sample ID 
Number 

                      

 

 
 

 
 
 

-Use handbook definitions please- 
 
 
 
Other healthcare associated infections (within 7 days following sample day) 

 Device/procedure 
related 

Secondary BSI 

   
No Yes Yes No Yes No 

Bone and Joint            
            
Central nervous system            
            
Cardiovascular system            
            
Eyes, ENT or Mouth            
            
Gastrointestinal system            
            
Reproductive tract            
            
Skin & Soft tissue            
            
Systemic infection            
            
Lower respiratory tract –not pneumonia            
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 S/W/M/B Patient Trial 

Number 
 Last four digits 

of Patient ID 
 Date of Sample  Time of Sample 

Sample ID 
Number 

                      

 

 
 

Adjudication/Clinical Summary 
 
 

 
Summary notes on adjudication  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Adjudicator 1:______________   Adjudicator 2: ______________   

 
 
Signature: ________________   Signature:______________ 
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Appendix 11 Completing the laboratory case
record form

 
 
Standard Operating Procedure  
Completing the  Laboratory Case Record Form  
 
 
Version: 1.1 

 
Date: 08/07/2010 

 
Author: ………..    Approved by: ………… 
 
Signature:     Signature: 
 
Date:      Date: 
 
 
Introduction and Purpose:  
 
The Laboratory Case Record Form (LCRF) is a paper record of all the relevant laboratory 
data to the trial including how and where they are stored, what analyses are performed on the 
sample and the results of these analyses. It forms vital part of the clinical study data collection 
and therefore must follow a set protocol. This standard operating procedure (SOP) describes 
the procedure for completion of the Laboratory CRF from receipt of the samples into the 
laboratory.  
 
 
Who? 
 
This SOP applies to those members of the laboratory research team involved in sample 
analysis and storage in the laboratory. 
These include the following 

• Senior Scientist 
• Other laboratory workers involved in this study 
 
 

When? 
 
A new LCRF is opened for every patient from whom samples are received in the laboratory 
and updated as samples are stored and/or analysed.  
 
Procedure: 

1. A new Laboratory Case Record Form (LCRF) is opened by the Senior Scientist (or 
other designated person) as soon as practically possible after receipt of the samples 
into the laboratory. 

 
2. The unique Sample ID number present on the patient samples is written on the front 

page and copied throughout the LCRF 
 

3. The Sample History (Page 2) is completed with a record: 
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Section A 
a. The date and time the samples were taken 
b. The date and time the samples were received  
c. The type and number of aliquots received  
d. The date and time of further sample processing  
 
Section B 
e. Complete an initial screen to ensure that whole blood samples are within the 

CE-mark time-frame for SeptiFast (ie commence processing no later than 72h 
after collection). All whole blood samples and any prepared plasma samples 
that are outside this time limit cannot be used for SeptiFast, storage or further 
analyses and should be rejected and disposed of.  Should samples be rejected 
for any other reason, this should be noted here. 
 

Section C 
f. Details of the subsequent processing and/or storage of all samples retained 

following the initial screening process are entered 

4. Update the relevant sections of Sample Storage Log (Page3) when EDTA Blood, 
Plasma or Pathogen DNA Extracts are stored. Please note that when storing samples 
the relevant aliquot number (ie #B1, #P1, #D1) is clearly shown on the tube label.  
Also note, the date of storage, the volume of each aliquot stored. When aliquots are 
removed, the date of removal and the intended use of the removed aliquot must be 
noted.  

5. The LSRF will hold a summary of the laboratory analyses performed on the samples 
from Cach patient. Complete the Laboratory Results – SeptiFast Sheet (Page 4) 
after each SeptiFast run. A copy of the SeptiFast report provided at the end of the 
assay is appended to the LCRF. Record the lot# and expiry date of the kit used.  

6. Report any adverse events which required re-analysis of SeptiFast in the text box – 
also indicate whether problems have been addressed and by whom. 
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Appendix 12 SeptiFast assay: lysis of whole
blood and deoxyribonucleic acid extraction

 
Standard Operating Procedure: 
SeptiFast: Lysis of whole blood and DNA extraction. 
 
 
Version Number: 1.1 
 

 
Date: 08/07/2010 

 
Author: ………     Approved by: ………. 
 
Signature:     Signature: 
 
Date:      Date: 
 
Introduction and Purpose:  
 
This SOP details the procedures specified by Roche Diagnostics for the extraction of bacterial 
and fungal DNA from whole blood using SeptiFast Lys Kit MGRADE and SeptiFast Prep Kit 
MGRADE kit. The extract will be subsequently used for amplifying, detecting and identifying 
bacterial and fungal DNA of the microorganisms specified in the SeptiFast Test Master List 
(SML) using the LightCycler® 2.0 Instrument. The user instructions contained in this SOP 
were as supplied by the manufacturer following formal training by Roche Diagnostics of the 
laboratory scientists undertaking the SeptiFast assay. 
 
Who:  
To be used by all users of the SeptiFast kit. All users must have undergone verified training 
by Roche Diagnostics in the use of the SeptFast system. Training logs can be viewed in the 
Trial Master File located in the trial office A306. 
 
When:  
This SOP is used whenever the SeptiFast assay is being performed within the Biomedical 
Facility, Clinical Sciences Building, Salford Royal NHS Trust. It is taken directly from the 
user instructions of the CE-marked SeptiFast kit and must be followed exactly to ensure that 
the assay is performed according to the regulatory standard. IMPORTANT – Before 
starting, consult the Adverse Incidents Log located next to the LightCycler 2.0 to check 
for any recently identified incidents with the SeptiFast system and guidance on what to 
do in the event of an incident 
 
Risk assessment 
 
Infection 
All blood samples sent to the laboratory should be considered potentially infectious. All 
laboratory safety rules apply and laboratory coats/gowns and gloves must be worn, as 
appropriate. 
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Chemical 
Some chemicals may be harmful by inhalation, ingestion and skin adsorption, and also by 
direct contact with skin and eyes. If splashes occur to skin wash with water, and if to eyes use 
Eye Wash fluid located at the First Aid Station 
 
Equipment/materials required 
1.5 mL EDTA blood 
Disposable gloves 
Two separate lab coats  
Centrifuge with swing out rotor for 15mL tubes min. 4200 g-force 
• 1x Centrifuge 5810 
• 2x adaptors (1pair) with inserts for 15mL tubes with conical bottoms 
• 1x Swing out rotor min. 4200 x g 
• MiniSpin Centrifuge Eppendorf  
• 2x Thermomixer Comfort incl. 
• 1x Thermo Block for 24 x 2.0mL vials and 
• 1x Thermo Block for 8 x 15mL vials 
• 1x Roller Mixer 
• 1x Vortex mixer 
 
DNA free tips MGRADE  
• 20μL Filter Tips MGRADE • 100μL Filter Tips MGRADE   
• 1mL Filter Tips MGRADE  • 5mL Filter Tips MGRADE 
 
DNA free vials  
• 1.5mL Tubes MGRADE  • 1.5mL Screw-cap Tubes 
 
Working cabinets 
Laminar Flow Box (Labcare)   PCR-workstation (Labcare) 
 
DNA decontamination reagent – LTK-008™ solution; Biodelta GmbH 
 
Before you start 

• Clean and decontaminate the laminar flow box and the PCR workstation thoroughly 
DNA decontamination reagent e.g. LTK-008™ solution; Biodelta GmbH. 

• Turn on laminar flow box UV-light and air stream for at least 30 min. Turn off UV 
whilst working. 

• Turn on PCR workstation UV-light for at least 30 min 
• Turn off UV-light while working. 
• Thaw the LightCycler2.0 SeptiFast Kit reagents at 2-8°C in the SeptiFast Cooling 

Block. 
• Mix gently and centrifuge briefly. 
• Prepare all consumables, tools (pipettes) and reagents needed and a waste container 

under the PCR workstation and arrange them in a suitable way. 
• Turn on Ependorf Thermomixer and set to 56oC for 15 min. 

 
Proceed with the MagNA Lyser Instrument 
Starting volume of whole blood = 1.5ml. 
Put the blood collection tubes on a bottle roller and mix for 30min and then process 
immediately 
Use a white pen for labelling of the SeptiFast Lys Kit tubes. Do not label on top. 
Add 1 x 1.5 ml of whole blood per sample or Negative control (NC) into 1 SeptiFast Lys Kit 
tube. 
Close SeptiFast Lys Kit tubes. 
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Transfer tubes to MagNA Lyser rotor.  
Run MagNA Lyser at 7000 rpm for 70 sec. 
Leave samples for approximately 10 min on the rotor stand. 
 
Nucleic Acid Preparation 
Change gloves or treat with DNA decontamination reagent e.g. LTK-008™ solution; Biodelta 
GmbH solution during the process as necessary. 
 
BET1 (Blood Extraction Tube) 
Pipette 150μL Proteinase K (PK) – (Vial 2 - Brown) into BET1. 
Add 1mL whole blood or NC lysed with the MagNA Lyser Instrument into BET1 (use 1mL 
pipette). 
Close BET1. 
Vortex each BET immediately. 
Add 10μL Internal Control (IC) directly to the whole blood or the NC (use 100 μL pipette). 
Pipette it on the inside wall of BET1 
Add the contents of 2 vials of Lysis Buffer (LB) - (LB; 2 xVial 1- Orange). 
Close and vortex each BET immediately to ensure all contents including IC are mixed 
thoroughly. 
Incubate for 15 min at 56°C with gentle mixing at 500 rpm in the Eppendorf Thermomixer. 
Add the contents of 1 vial Binding Buffer (BB) – (1 x Vial 3 - Grey) to BET1. Close each 
BET immediately. Do this for all samples and then vortex BET1 tubes briefly. 
 
BET 2 
Transfer a filter column (FC) to BET2. 
To avoid contamination, do not touch the lower part of the FC. 
Pipette half of the specimen preparation mixture from BET 1 to the FC. 
Close each BET2 immediately. 
Centrifuge for 1 min at 1900 xg.  
Pipette the remaining sample volume from BET1 to the FC. Use a fresh pipette tip each 
specimen or NC 
Close each BET2 immediately. Centrifuge for 3 min at 1900 x g. 
 
BET3 
Change gloves. 
Transfer the FC to BET3. 
To avoid contamination, do not touch the lower part of the FC. 
Add one vial Inhibition Removal Buffer (IRB) – (Vial 4 - Black) onto the FC. 
Close BET3. 
Centrifuge for 2 min at 4200g. 
Add one vial Wash Buffer (WB) – (Vial 5 - Turquoise) onto the FC.  
Close BET3 and centrifuge for 10 min at 4200 x g. 
Put the Elution Buffer (EB; Vial 6; Colourless) to pre-heat in the heat block at 700C. 
 
BET4 
 Transfer the FC to BET4. 
 To avoid contamination, do not touch the lower part of the FC. 
 Close BET4. 
 Centrifuge for 1 min at 4200 x g. 
 
BET5 
 Transfer the FC to BET5. 
 To avoid contamination, do not touch the lower part of the FC. 
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 Pipette 300μL of the pre-heated Elution Buffer (EB; 70°C) directly to the centre of the FC. 
Close BET5.  
 Incubate for 5 min at room temperature. 
 Centrifuge for 2 min at 4200 x g.   
 Discard FC. 
 Transfer elute to 1.5mL DNA free reagent tube using a DNA free serum pipette.  
 
Eluates may be used as templates for the LightCycler2.0 SeptiFast Kit immediately or stored 
for up to 8 days at 2-8°C or 30 days at -15 to -25°C. At 15 to 25°C elutes are stable for a 
maximum of 4 hours. 
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Appendix 13 SeptiFast assay: polymerase chain
reaction set-up

 
Standard Operating Procedure: 
Setting up PCR for SeptiFast run. 
 
 
Version Number: 1.1 
 

 
Date: 08/07/2010 

 
Author: …………    Approved by: …………. 
 
Signature:     Signature: 
 
Date:      Date: 
 
 
Purpose 
This SOP details the procedures specified by Roche Diagnostics for the setting up of the 
SeptiFast PCR run using the DNA extract prepared from blood (see S/Fast #11). The PCR 
will amplify, detect and identify bacterial and fungal DNA of the microorganisms list 
specified in the SeptiFast Test Master List (SML) present in the extract using the 
LightCycler® 2.0 Instrument. The user instructions contained in this SOP were as supplied by 
the manufacturer following formal training by Roche Diagnostics of the laboratory scientists 
undertaking the SeptiFast assay. 
 
When: This SOP is used whenever the SeptiFast assay is being performed. It is taken directly  
from the user instructions of the CE-marked SeptiFast kit and must be followed exactly to 
ensure that the assay is performed according to the regulatory standard. .  IMPORTANT – 
Before starting consult the Adverse Incidents Log located next to the LightCycler 2.0 to 
check for any recently identified incidents with the SeptiFast system and guidance on 
what to do in the event of an incident 
 
Who: To be used by all users of the SeptiFast kit. All users must have undergone verified 
training by Roche Diagnostics in the use of the SeptiFast system. Training logs can be viewed 
in the Trial Master File located in the trial office A306. 
 
Where: This procedure will be operated within the Biomedical Facility, Clinical Sciences, 
Salford Royal NHS Trust. 
 
Risk assessment 
Infection 
All blood samples sent to the laboratory should be considered potentially infectious. All 
laboratory safety rules apply and laboratory coats/gowns and gloves must be worn, as 
appropriate. 
 
Chemical 
Chemicals harmful by inhalation, ingestion and skin; also by direct contact with skin and 
eyes. If splash occurs to skin wash with water, and if to eyes use Eye Wash Station fluid. 
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Equipment/materials required 
SeptiFast PCR preparation cooling block 
Disposable gloves 
 
DNA free tips MGRADE  
• 20μL Filter Tips MGRADE • 100μL Filter Tips MGRADE   
• 1 mL Filter Tips MGRADE   
 
Pipets MGRADE 
• 1 mL Serum Pipette   • Pipette 100-1000L  • 2x Reference 10-100μL   
 
 
Working cabinets 
PCR-workstation (Labcare) 
 
DNA decontamination reagent – e.g. LTK-008™ solution; Biodelta GmbH 
 
Before you start 

• Clean and decontaminate the laminar flow box and the PCR workstation thoroughly 
using e.g. LTK-008™ solution; Biodelta GmbH. 

• Turn on laminar flow box and air stream for at least 30 min. 
• Turn on PCR workstation (UV-light) for at least 30 min 
• Turn off UV-light while working. 
• Thaw the LightCycler2.0 SeptiFast Kit reagents at 2-8°C in the SeptiFast Cooling 

Block. (this should be done during DNA extraction) 
• Mix gently and centrifuge briefly. 
• Prepare all consumables, tools (pipettes) and reagents needed and a waste container 

under the PCR workstation and arrange them in a suitable way. 
 
DNA from the target organisms of the LightCycler® SeptiFast Test is present in the 
environment. In order to avoid false positive results by detection of such as environmental 
DNA (DNA contamination) it is necessary to establish a workflow free of contaminating 
DNA. In particular the operator may be a source of DNA contamination, since the human skin 
and upper respiratory tract are populated with different microorganisms which are also target 
organisms of the SeptiFast Test [e.g. Streptococci and Coagulase-Negative Staphylococci 
(CoNS)]. 
 
Always use MGRADE consumables such as filter tips, tubes. 
 
Clothes and Gloves 
Wear powder-free gloves and a lab coat during the entire workflow. 
Avoid exposure of skin, wear the gloves over the sleeves of the lab coat. 
Change gloves immediately if contaminated or treat with DNA decontaminating reagent (e.g. 
LTK-008™ solution; Biodelta GmbH), gloves must be resistant to the reagent. 
Do not touch the palm and fingers of gloves when putting them on. 
 
Care of PCR workstation 
Clean surfaces of workspace in the PCR workstation with DNA decontamination reagent after 
each PCR setup. 
Clean all surfaces inside the PCR workstation in regular time intervals. 
Turn on UV-light for at least 30 minutes before working. 
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Make sure UV-light is turned off while working. 
 
SeptiFast Test . 
GSS / Feb 2008 V 1.1 8 / 20 
Treatment of Devices and Consumables 
Leave specific consumables and devices used for the SeptiFast Test in the laminar flow, if 
possible. 
Irradiate all items for at least 30 minutes with UV light before starting the procedure. 
Use DNA free disposables only. 
Use them once only. 
Use Capping Tool to close capillaries (for handling instructions please refer to the  
LightCycler® 2.0 Instrument Operator’s Manual). 
In case of capillary breakage please refer to the Operator’s Manual of the  
 LightCycler® 2.0 Instrument (Chapter: Maintenance). 
Briefly vortex thawed reagents (except RM 1a) and spin down )if precipitates have formed, 
warm the solution at 37oC for 5 minand mix gently until dissolved. 
 
Precautions during Pipetting 
Open the reagent vials, pipette tip boxes and capillary boxes only under the laminar flow / 
PCR workstation. 
Do not use the same pipette tips and capillaries outside the laminar flow/PCR workstation. 
Do not touch rim or threads of an open vial. 
Arrange all items used during the procedures under the laminar flow/PCR workstation in a 
logical order (no criss-cross pipetting) 
In case of spillage, finish the current working step and treat the working space immediately 
afterwards with DNA decontamination reagent (e.g. LTK-008™ solution ; Biodelta GmbH). 
 
Setting up the PCR  
 
N.B. These instructions should be followed in conjunction with the appropriate diagram(s) in 
the Roche SeptiFast kit instruction booklet. 
 
Use the SeptiFast cooling block which has been pre-cooled.  
 
Verify that the vials RM  
1a and 1b are in the respective position  
 
Verify that the G+/G-/F Detection Mixes (DM) are in the respective position  
 
NOTE: 
Depending on the volume of leftover Master Mix (MM) from a previous run as well as the 
number of samples to be analyzed in the current run, one or two vials of 1a, 1b and of the 
DMs are needed. MM reused as described by the left-over MM concept must be used 
immediately. 
 
Place the closed RCs (G+;G- and F) in the appropriate position of the SeptiFast Cooling 
Block. 
 
Place the NC as well as the eluates of the specimens to be analyzed in the appropriate position 
of the SeptiFast Cooling Block. 
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Pipetting of MM: 
Example for seven samples (no left-over MM) 
Pipette 2 x 600μL of vial 1b into 2 x vial 1a  
Mix by pipetting up and down 3-4 times. 

The resulting mix is called the Reaction Mix (RM). 

 
Pipette 200μL of the upper RM into the first column of DM  
(G+/G-/F)  
Mix gently by pipetting up and down 3-4 times.  
Change the tip after each pipetting step. 
Pipette 200μL of the lower RM into the second column of DM  
(G+/G-/F). 
Mix gently by pipetting up and down 3-4 times 
Change tip after each pipetting step. 
This step results in two identical MM for each assay (G+; G- and F). 
 
Combine both corresponding MM (G+ with G+; G- with G-; F with F) with a new pipette tip 
for each MM 
 
Mix by pipetting up and down 3-4 times 
 
Close the MM vials with their respective lids 
 
Pipetting of the MM, the Samples and the Controls 
 

The following procedures are carried out in a Class II cabinet 

Place the 100μL capillaries in their respective positions in the cooling block using  

tweezers. 

Avoid criss-cross handling. 

 

Transfer 50μL of the G+ MM to each capillary of the top row  

Close leftover MM vial. 
Change the pipette tip.  
Transfer 50μL of the G- MM to each capillary of the middle row. 
Close leftover MM. 
Change the pipette tip. 
Transfer 50μL of the F MM to each capillary of the bottom row. 
 
Close the leftover MM vials with their respective lids and label                            
all leftover MM vials with the number of left-over reactions and the date. 

Store all three left-over MM vials at 2-8°C (Stability of leftover MM: 3d at 2-8°C). 
 
Pipette 50μL of the specimen eluate to each capillary of the corresponding column above 
Start from the vial at the right side of the SeptiFast Cooling Block. 
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Change the pipette tip after each pipetting step. 
Close each capillary immediately after completing the pipetting step for that capillary using 
the capping tool. 
Close the specimen vial when the corresponding three capillaries are pipetted. 
Proceed with the remaining specimen eluates as described for the first. 
Pipette 50μL of the NC (blue) to each capillary of the corresponding column (second from 
left). 
Change the pipette tip after each pipetting step. 
Close each capillary immediately after completing the respective pipetting step for that 
capillary. Use the capping tool. 
Close the NC vial when the corresponding three capillaries are pipetted. 
 
Pipette 50μL of the respective RC (G+;G-; F) to the capillaries of the left-hand column  
Change the pipette tip after each pipetting step. 
Close each capillary immediately after completing the respective pipetting step for that 
capillary as well as each RC vial.  
 
Transfer the capillaries to the LightCycler 2.0 Sample Carousel. Make sure not to mix up the 
order of the capillaries. 
Start with RC G(+) at position 1 of the LightCycler 2.0 Sample Carousel. Proceed in the 
following order RC G(-) , RC F, NC G(+) , NC G(-) , NC F , sample1 G(+) , sample 1 G(-) 
etc. 
 
Remove lab coat, change gloves and take the carousel to the Light Cycler 2.0 instrument 
room. 
Transfer the LightCycler Sample Carousel to the LC 2.0 Carousel Centrifuge. 
 
Centrifuge and transfer the LightCycler Sample Carousel to the LightCycler 2.0 Instrument. 
 
Activate the LightCycler SeptiFast Kit Macro using the Roche Macro button on the Front 
Screen. 
Type in the Assay Catalogue Number. Make sure you type in the right number. 
Do not use the field <assay lot number>. If, you want to add the assay lot number to the run, 
insert information into the respective field in the sample editor (sample; <capillary view>). 
The Experiment Kit Wizard starts the process. Follow the instructions of the Kit Wizard 
referring to the diagram shown in the SeptiFast instruction booklet 
 

The Kit Wizard window moves to the upper left corner of the work pane. 
Edit the number of samples and the sample names within the brackets. 

Complete the starting process with “Start run”.  
 
The Macro automatically starts the run. 
During the Run a window indicates “Running Experiment”. 
Do not perform any software operations while a run is proceeding. 
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Appendix 14 SeptiFast assay: data analysis
and reporting

 
Standard Operating Procedure: 
Use of Data Analysis Macro after SeptiFast PCR  
 
 
Version Number: 1.2 
 

 
Date: 21/09/2010 

 
Author: ……….    Approved by: ………. 
 
Signature:     Signature: 
 
Date:      Date: 
 
 
Introduction and Purpose 
 
This SOP details the procedures specified by Roche Diagnostics for the analysis of the data 
automatically stored following the SeptiFast PCR. This involves a process of manual editing 
and analysis of the PCR data using Light Cycler 2.0 software (version 4.1) and export to the 
SeptiFast Identification Software (SIS). This is the final step in identifying the bacterial and 
fungal DNA of the organisms present in patient blood samples from a list specified in the 
SeptiFast Test Master List (SML). When this is complete a report is generated showing the 
result and whether it is valid or not based on internal QA processes. The user instructions 
contained in this SOP were as supplied by the manufacturer following formal training by 
Roche Diagnostics of the laboratory scientists undertaking the SeptiFast assay. 
 
When:  
 
This SOP is used whenever the SeptiFast assay is being performed. It is taken directly from 
the user instructions of the CE-marked SeptiFast kit and must be followed exactly to ensure 
that the assay is performed according to the regulatory standard.  IMPORTANT – Before 
starting consult the Adverse Incidents Log located next to the LightCycler 2.0 to check 
for any recently identified incidents with the SeptiFast system and guidance on what to 
do in the event of an incident 
 
Who:  
 
To be used by all users of the SeptiFast kit. All users must have undergone verified training 
by Roche Diagnostics in the use of the SeptiFast system. Training logs can be viewed in the 
Trial Master File located in the trial office A306. 
 
Where:  
 
This procedure will be operated within the Biomedical Facility, Clinical Sciences, Salford 
Royal NHS Trust. 
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Risk assessment 
Infection 
Although there is no risk of direct infection, all laboratory safety rules, safe handling of 
materials rules will apply.  
 
 
Data Analysis 
 
N.B. These instructions should be followed in conjunction with the appropriate diagram(s) in 
the Roche SeptiFast kit instruction booklet. 
 
After the run is completed the user is prompted to edit the manual Tm values before the report 
can be displayed. 
 
Pull the window down to the bottom of the screen to edit manual Tm values as described 
below.  
 
The LightCycler2.0 SeptiFast Kit Macro contains 12 Tm calling modules (3 assays, 4 
channels) as well as two Absolute Quantification modules. 

The user only has to manually reprocess/edit the Tm Calling module analysis.  
All Tm Calling analyses are listed in the module bar. Each analysis is named with the channel 
and the respective assay (G+; G- or F). 
 
Activation of an analysis module shows all samples included in the respective analysis. 
Samples included are marked in the sample list. Tm values are default values. The channel 
and assay specific baseline value are predefined (see baseline table in SeptiFast instruction 
booklet). A predetermined data set (multicolour compensation data), as defined by the Roche 
Macro, will be displayed. 
 
General Rules for manual Tm Calling 
Only Peak maxima above the following baseline values should be marked with a Tm bar -  
RC G- channel 610 and 670 and RC F channel 705 are exceptions  (refer to example graphs in 
SeptiFast instruction booklet). 
  
Default Tm bars have to be adjusted to the real peak maxima. 
 
Peak maxima must be selected between channel specific valid Tm ranges (see table in 
SeptiFast instruction booklet). 
 
Default Tm bars are deactivated if no peak is detected or if a peak is below the baseline. 
 
How to perform manual Tm analysis. 
Start with the first analysis in the module bar by clicking on the analysis icon. 

Melting Peaks are shown in the image on the lower right side 

Open the view for the melting peak window and the table containing Tm values by pulling the 
flexible screen positioner. 

Mark all sample positions that correspond to the chosen analysis from the module bar. (e.g. 
All G(+) samples if performing an analysis for gram positive results. 

Mark only the respective RC [e.g. G(+) #RC#] and adjust the default peak value by pulling 
the bar to the peak 
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Delete the Tm bars that are not used 

Mark the RC and the NC together to evaluate whether the NC is below the baseline 

Mark only the NC and deactivate all bars if there is no peak as expected 

 If a peak above the baseline is observed, adjust the bar as described for the RC. 

Proceed with each sample as described for the NC. 

After the first analysis module is complete, proceed with the remaining Tm analysis modules 
in the same way. 

At the end of the Tm Calling (for a specific capillary), there must be only peak maxima with 
Tm bar. 

Low concentrations of Enterococcus faecium (G+, CH 705, Tm 51.8 – 55.9) and Candida 
albicans (F, CH 640, Tm 53.4 – 57.5) may appear as shoulders of the respective IC peaks 
(G+, CH 705, Tm 45.5 – 49.6; F, CH 640,Tm 44.8 – 48.0). Mark these shoulders with Tm 
bars at Tm 53.9 (G+, CH 705) and Tm 55.5 (F, CH 640). 

After the manual Tm analyses are finished, press <Finish> in the wizards’ message window. 
The file is saved automatically. The Report can be viewed on the Front Screen. Print out two 
copies of the report and close it afterwards. 

SeptiFast Identification Software (SIS) 

For final automated analysis with the SeptiFast Identification Software proceed as described 
in the following. 

Export the *.ixo file from the LightCycler SW 4.1 using the <File>,<Export>,<.ixo File> 
function from the menu bar. Select the target folder <C:\Export to SIS> to store the .ixo file. 

Do not change the name of your experiment. 

Activate the SIS by double clicking on the desktop icon. 

The <Start> button opens the .ixo file saved last. 

Select “Yes” or “No” for the decision whether the LightCycler® Report contains the flag 
<User Developed or Modified Test Method> 

The result sheet for the experiment contains the following information: 

 (refer to figures in SeptiFast instruction booklet) 

1. Information about invalid samples/assays or runs [marked with a red cross] 

2. Information about valid samples/assays or runs containing the data about the detected peak 
and the corresponding analyte from the SeptiFast Master List (SML). 

3. Information about valid samples containing no analyte [marked with a θ]. 
 
Print three copies of the SIS Report – First copy to be appended to the appropriate LCRF.  
 
Second copy to be kept in a SeptiFast data master file along with the report printed above in 
the trial office. 
 
Third copy to be kept along with the report printed above in the ‘SeptiFast Study’ file near the 
Light Cycler 2.0. 
 
Cross verification of the software analysis 
The software analysis performed as above should be verified by a second person. However 
raw data is not available for a second analysis from the same test run because the SeptiFast 
test is processed via a macro. The following method is to be used for analysis verification.  
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The person responsible for the analysis will unmark all the Tm calling bars and invite the 
second person to do an independent analysis. This second analysis is saved with the second 
operator’s name added to the initial file name. All the .ixo files should be stored in the C:\ 
drive with in the folder name ‘Export to SIS’. 
Once the second analysis is complete, the person responsible signs the laboratory CRF and 
attaches a copy of the analysis to the laboratory CRF.  
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Appendix 15 Patient demographics of episodes
excluded from laboratory analyses

Patient demographics Analysed (n= 922) Not analysed (lab factors) (n= 69)

Sex (% male) 60.1 59.42

Age in years, mean (IQR) 55.82 (45–68) 57.2 (43–69)

Days in hospital (IQR) 8 (4–16) 9 (5–16)

Degree of care (IQR)a 4 (4–7) 5 (4–6)

Antimicrobial use in 48 hours prior to sample (%)

Yes 85.7 83.3

No 12.3 13.6

Unknown 2.0 3.1

CRP, mg/l (95% CI) 160.0 (152.3 to 167.6) 154.6 (121.9 to 187.2)

PCT, ng/ml (95% CI) 7.75 (6.12 to 9.39) 5.29 (2.99 to 7.58)

a Data were captured using the Critical Care Minimum Dataset (CCMDS) that is embedded in NHS England Critical Care
practice. CCMDS output includes a daily ordinal score representing the presence (1) or absence (0) of organ support
therapy over seven organ systems. The possible score range is 0–9 with cardiovascular and respiratory including a level of
organ support from 0 to 2. Comparator national data collected within the study period are available at www.hscic.gov.uk/
catalogue/PUB06193/adul-crit-care-data-eng-apr-10-mar-11-rep.pdf.

Table compares summary demographic data for the 922 analysed episodes with the 69 episodes that were not analysed as
a result of laboratory issues as described in Chapter 3, Exclusions from the analyses.
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Appendix 16 Latent class/finite mixture model
specification in Mplus

Title

SeptiFast PCR trial

Data

File is SeptiFast.dat;

Variable

Names are LC PCR AS Hospital WCC CRP PCT H1 H2;

! H1 and H2 are binary dummy variables distinguishing the three hospitals

Missing are all (–9999);

Classes C(2);

Categorical LCC PCR AS;

Usevariables LC PCR AS H1 H2;

Analysis

Type=mixture;

Estimator=mlr;

Starts= 1000 20;

Model:

%overall%

C#1 on H1 H2;

%C#1%
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[LC$1*3 PCR$1*3 AS$1*3];

%C#2%

[LC$1*–3 PCR$1*–3 AS$1*–3];

Output

Tech10; Cinterval;
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Appendix 17 Statement of patient and public
involvement

A patient group (PINNT, Patients on Intravenous and Nasogastric Nutrition Therapy) with a special
interest in severe health-care-associated infection and sepsis was involved in the conception and

conduct of the study. The NIHR HTA application was developed in collaboration with Mrs Rosemary
Martin, a representative of PINNT, who was an applicant on the funding proposal. As a member of the
Trial Steering Committee throughout the trial, Mrs Martin was directly involved in the governance of
the research study.

The study team has collaborated actively with the Salford Citizen Scientist (SCS) Project (www.citizenscientist.
org.uk), an innovative public engagement in research initiative, which was launched in 2012 by SRFT. The
programme aims to inform local people about research in their local area, gives opportunities to take part in
research studies and helps link research scientists and clinicians to the public and patients as stakeholders. The
study team arranged for a group of citizen scientists to tour clinical and laboratory facilities at Salford Royal
Hospital and talk directly to researchers about the background to the trial, its objectives and to discuss ideas
about future research and innovation. This was communicated to the wider community through articles on
the SCS website which also hosts a permanent webpage for the Infection, Injury and Inflammation Research
Group, which led the current NIHR HTA trial, to alert the local community to further opportunities for
involvement in research in this area.

As a direct result of interacting with SCS as part of this project, we have worked with them to develop a
new NIHR HTA grant to investigate molecular diagnostics to community-acquired sepsis [shortlisted by
NIHR HTA (11/136/64) but not funded in 2012] and they are currently involved in helping us develop
funding bids within our national networked communities of Critical Care, and Infectious Diseases and
Microbiology aimed at the current NIHR themed call in antimicrobial resistance. In addition, Dr Dark was
invited to take part in a number of initiatives led by SCS in the local community, including talks to
advanced-level school and college learners about the core translational science and clinical challenges
linked to this current project, while helping promote bioscience and health-care careers.
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