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Abstract

Background

The immediate need for appropriate antimicrobial therapy in septic patients requires the

detection of the causative pathogen in a timely and reliable manner. In this study, the real-

time PCR Septifast MGrade test was evaluated in adult patients meeting the systemic inflam-

matory response syndrome (SIRS) criteria that were treated at standard care wards.

Methods

Patients with clinical suspected infection, drawn blood cultures (BC), the Septifast MGrade

test (SF) and sepsis biomarkers were prospectively screened for fulfillment of SIRS criteria

and evaluated using the criteria of the European Centre of Disease Control (ECDC) for

infection point prevalence studies.

Results

In total, 220 patients with SIRS were prospectively enrolled, including 56 patients with

detection of bacteria in the blood (incidence: 25.5%). BC analysis resulted in 75.0% sensi-

tivity (95% confidence interval, CI: 61.6%– 85.6%) with 97.6% specificity (CI: 93.9%–

99.3%) for detecting bacteria in the blood. In comparison to BC, SF presented with 80.4%

sensitivity (CI: 67.6%– 89.8%) and with 97.6% specificity (CI: 93.9%– 99.3%). BC and SF

analysis yielded comparable ROC-AUCs (0.86, 0.89), which did not differ significantly (p =

0.558). A trend of a shorter time-to-positivity of BC analysis was not seen in bacteremic

patients with a positive SF test than those with a negative test result. Sepsis biomarkers,

including PCT, IL-6 or CRP, did not help to explain discordant test results for BC and SF.
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Conclusion

Since negative results do not exclude bacteremia, the Septifast MGrade test is not suited to

replacing BC, but it is a valuable tool with which to complement BC for faster detection of

pathogens.

Introduction
Sepsis is a frequent and severe condition with a high mortality rate [1]. Rapid identification of
septic patients is of major importance for their survival, since they immediately need appropri-
ate antimicrobial therapy [2]. Therefore, a timely and reliable detection of the causative patho-
gen(s) is essential for the proper management of septic patients. The gold standard in sepsis
diagnostics is blood culture (BC) analysis, which enables antimicrobial resistance testing [3, 4].
However, a median time to a positive report of three days is necessary to detect pathogens [5,
6]. In this period of time, patients are treated with an empiric antimicrobial therapy, using
broad spectrum antibiotics, which often do not appropriately cover the causative pathogens
[7]. Moreover, unnecessary medication with broad spectrum antibiotics is associated with the
emergence of multidrug-resistant pathogens, a higher rate of adverse drug effects as well as
higher overall costs [8, 9]. Further, the sensitivity and time-to-detection of BC depends on pre-
analytical factors, including administration of antimicrobial therapy before sample taking, or
sufficient sample volume [10].

The Septifast MGrade test (Roche Diagnostics International AG, Rotkreuz, Switzerland) is a
CE (Conformité Européene) certified multiplex real-time PCR test able to detect bacterial and
fungal DNA sequences of 25 pathogens directly from single whole blood sample with high
specificity (98.8%) [11, 12]. In several studies, the use of such PCR tests tend to lead to an adap-
tion of the antimicrobial therapy, a shorter length of stay in hospital, a decrement of drug side
effects or a better outcome [13–18]. However, a considerable variation in the diagnostic accu-
racy of this test can be observed, which depends—amongst others—on the clinical setting [19].
Most studies were conducted in emergency departments or on intensive care units, neglecting
standard care wards [20]. Therefore, this study aims to evaluate the diagnostic accuracy of the
Septifast MGrade test (SF) in SIRS patients treated on standard care wards using infection defini-
tions of the European Centre for Disease Prevention and Control (ECDC) established for point
prevalence studies [21].

Materials and Methods

Study design and endpoints
This prospective monocentric cohort study was conducted during a 14-month period at the
Vienna General Hospital, Austria, a 2,116-bed tertiary hospital. As described before [7, 22],
patients with clinically suspected sepsis on 13 surgical or 14 medical standard care wards were
screened for fulfilment of at least two SIRS criteria, as defined by the ACCP/SCCM conference
[23]. Clinically suspected sepsis patients were consecutively identified by screening BC
requests. Iatrogenic neutropenia related to myelosuppressive therapy was not counted as a
valid SIRS criterion. The study included those patients for whom BC and SF analysis were
requested within a time frame of 24 hours. The study excluded patients under 18 years of age,
patients with fever within 72 hours after surgical procedures, patients with HIV-positive status
or patients unable to give informed consent. Prior to recruitment, written informed consent
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was obtained from all patients. The study was approved by the local ethics committee of the
Medical University Vienna (EC-Nr: 518/2011) and conducted in accordance to the declaration
of Helsinki, the Good Scientific Practice guidelines of the European Commission as well as rec-
ommendations of the STARD (Standards for Reporting of Diagnostic Accuracy) initiative [24].
After a patient’s hospital discharge, the case was reviewed using the definition criteria for hos-
pital-acquired infection of the European Centre of Disease Control (ECDC), which include
clinical, microbiological, biochemical and radiological data [21]. Bacteremia was specified as
detection of bacterial species not representing contaminants in blood culture. Similarly, detec-
tion of DNAemia by applying the SF test using EDTA whole blood was considered as a means
of increasing the information available. Thus, cases with a negative BC result and a positive SF
result for species not representing contaminants were regarded as a true positive SF result in
patients with a corresponding clinical presentation (ECDC criteria), although no vital pathogen
may be present in the whole blood at the time of analysis. Potential contaminating microorgan-
isms of the skin flora, defined according to Hall and Lyman [4], were considered as causative
pathogens only when detected in at least two blood samples taken on separate occasions within
the same episode. The ECDC criteria were used as a reference standard to compare the results
of BC and SF analysis. According to these results, patients were allocated into six outcome
groups. In non-bacteremic patients (including positive results representing contaminations per
definition) the following groups were established: (1) BC negative—SF negative, (2) BC nega-
tive—SF positive, (3) BC positive—SF negative. In bacteremic patients, the groups were as fol-
lows: (4) BC negative—SF positive, (5) BC positive—SF negative, (6) BC positive—SF positive.
Furthermore, the results of infection biomarkers were evaluated regarding their capacity to
ascribe cases with discrepant microbiological results to true positive or true negative bacter-
emia. Patients that could not be allocated to outcome groups (e.g. uncertainty with respect to
infection vs contamination in case of coagulase-negative Staphylococci (CoNS) detected in one
single BC, without other evidence of infection) were also excluded from the analysis.

Data collection
Clinical data was gathered from the medical chart at the time of study enrollment and after a
patient’s hospital discharge. Blood specimens were cultured in the BacT/ALERT 3D automated
BC system (bioMérieux, Marcy l'Etoile, France), utilizing sets of FA Plus (aerobic) and FN Plus
(anaerobic) bottles (bioMérieux). Matrix-assisted laser desorption ionisation (MALDI) time of
flight (TOF) mass spectrometry (MALDI-TOF MS) using the microflex LT together with the
Biotyper database (MBT 2.2 IVD, IVD Library vers. 3.1, Bruker Daltonik GmbH, Bremen, Ger-
many) was applied for the identification of isolates. In the case of isolates which cannot be
clearly identified by MALDI-TOF MS, biochemical identification with VITEK 2 (bioMérieux),
or—in the case of Streptococcus pneumonia—optochin susceptibility as a supplementary crite-
rion were used. Additionally to BC, the SF was conducted according to the manufacturer’s
instructions. Results obtained during thermal analysis of the probe/amplicon duplexes were
analyzed automatically by the Septifast Software Set (Roche Diagnostics International AG).
Further, the following infection biomarkers were evaluated: procalcitonin (PCT, Roche Diag-
nostics International AG, lower limit of quantification (LLOQ): 0.03 ng/ml), CRP (C-reactive
protein, Beckman Coulter, Brea, USA, LLOQ: 0.04 mg/dl) and lipopolysaccharide binding pro-
tein (LBP, Siemens Healthcare, Erlangen Germany, LLOQ: 0.8 μg/ml). White blood cell counts
(WBC) were analyzed on a Sysmex XE-2100 or XE-5000 (Sysmex, Kobe, Japan; LLOQ: not
provided). All infection biomarkers were assessed within 18 hours of the BC request. No blind-
ing techniques were applied to mask results of BC, SF or laboratory parameters. All laboratory
work was accomplished in an ISO 9001:2008 certified medical laboratory. Raw data cannot be
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made openly available to protect the privacy of participants. Further information about the
data and conditions for access to anonymized (de-identified) raw data can be requested from
the corresponding author.

Statistical analysis
Data were statistically analyzed using SPSS 21.0 (IBM, Hercules, USA) and MedCalc (Version
14.8.1, MedCalc Software bvba, Ostend, Belgium). Data following a Gaussian distribution
(assessed using the Shapiro-Wilk test) are presented as mean ±standard deviation (SD) and
analyzed using the Student's t-test or ANOVA with Dunnett’s test for post-hoc comparisons.
Other continuous data are given as the median and interquartile range (Q1–Q3) and analyzed
with the Mann-Whitney U-test or the Kruskal-Wallis test. Categorical parameters are
described by counts and percentages and analyzed using the generalized Fisher exact test. Fur-
ther, for the BC and SF evaluation, ROC-AUC (receiver operating characteristics—area under
the curve) analysis was conducted and the results were compared by applying the DeLong test.
The diagnostic performances of BC and SF are given by the sensitivity, the specificity, the nega-
tive and positive likelihood ratio (LR-, LR+) as well as the negative and positive predictive value
(NPV, PPV). Their 95% confidence intervals were computed by applying a bootstrapping pro-
cedure (n = 2000). Statistical significance was defined as p-values less than 0.05 (two-sided).
The Bonferroni-Holm method was applied to correct for an increase of the type I error proba-
bility related to multiple testing.

Results

Demographic characteristics of the study population
Between July 2011 and September 2012, a total of 3,370 patients with suspected sepsis were
screened. Of these, 2,750 patients fulfilled less than two SIRS criteria and 140 patients met
exclusion criteria. After study inclusion, 14 patients were excluded that could not be allocated
to the proposed outcome groups. In total, 220 SIRS patients were enrolled in this study. Fig 1
presents the recruitment process of the final study cohort.

According to the ECDC criteria applied, 149 SIRS patients (67.7%) suffered from an infec-
tion and 71 patients (32.3%) suffered from SIRS due to a non-infectious cause. The most

Fig 1. Patient recruitment process of the study population. *including cases with coagulase-negative
Staphylococci in a single blood culture analysis without any evidence of infection.

doi:10.1371/journal.pone.0151108.g001
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prevalent causes of non-infectious SIRS were hematological malignancies (disease or treat-
ment-related, 33.8%), solid organ malignancies (19.7%), auto-immune diseases (14.1%) and
bleeding or embolism (7%). The most frequent infections were pneumonia (n = 44, 29.5%), uri-
nary tract infections (n = 22, 14.8%) and gastrointestinal system infections (n = 21, 14.1%). S1
Table presents the distribution of ECDC classes of patients with infections to make more the
percentages of infections understandable. In DNAemic BC-/SF+ cases, special attention was
given to the fulfillment of the corresponding ECDC criteria. In one patient with endocarditis
(echocardiographic and histological confirmation), Streptococcus spp. was detected by the SF
test, while six sets of BC analyses remained negative. Due to the PCR result, the antibiotic ther-
apy was changed to Penicillin G, which led to a substantial increase of the patient’s status and
to a normalization of CRP. Therefore, this case was regarded as a true positive SF result.
Among the study population, eight patients were suffering from endocarditis (3.6%).

In total, (true positive) pathogens detected in blood specimens were found in 56 patients
(25.5%). The most common sources were gastrointestinal system infections (n = 12, 21.4%), an
unknown infection site (n = 10, 17.9%), as well as catheter-related infections (n = 8, 14.3%). S2
Table displays the pathogens detected by BC and SF. Within patients with a positive BC or SF
result, Gram-positive pathogens were found in 26 participants (46.4%), whereas Gram-nega-
tive pathogens were detected in 25 cases (44.6%). In further five patients (8.9%), Gram-positive
pathogens were detected together with Gram-negative bacteria (n = 4) or with fungi (n = 1).
The most prevalent pathogens detected were Staphylococcus aureus and Escherichia coli (both:
n = 11, individual cases). Table 1 presents data regarding the distribution of pathogens in the
outcome groups.

Among the 220 patients, 127 patients (57.7%) were males and 93 (42.3%) were females. Par-
ticipants had a median age of 56.5 years (41.5–68.0) and a median BMI of 25.3 (21.5–29.0).
The median length of hospital stay was 15.5 days (9.0–27.5 days). Within the study population,
187 patients (85.0%) were treated on a medical standard care ward and 33 patients (15.0%)
were treated on surgical standard care wards. Of the 220 patients, 93 (42.3%) presented with
two SIRS criteria, 108 patients (49.1%) with three and 19 patients (8.6%) with four. No signifi-
cant differences were found in patients’ characteristics or in the individual (numerically scaled)
SIRS parameters between SIRS patients with positive BC or SF test and those having both tests
negative. Among the study population, 45.5% patients (n = 100) suffered from a neoplasm and
a large proportion presented with leukopenia (47 patients, 21.4%,< 4 G/L WBC count).
Table 2 presents the clinical and epidemiological data of the study cohort.

Evaluation of the test performance
Amongst the study population, 31 patients (14.1%) had a concordant positive result in BC as
well as in SF. In 156 patients (70.9%), concordant negative results were found in both analyses.
Discordance between both tests was found in 33 patients (15.0%).

The blood samples of 18 participants provided a positive SF result, while the BC remained
negative and in 15 patients the BC analysis was positive while the SF yielded a negative test
result. Among the patients with detected pathogens in blood specimens (true positives), there
were 42 participants (75.0%) with a positive BC and 45 patients (80.4%) with a positive SF
result. 160 patients in BC and also 160 participants in SF were found to be true negatives. False
negative results were found in 14 patients by BC and in further 11 patients by SF. Four patients
were false positive in BC only, with CoNS and a further four patients were false positive in SF
with CoNS. Within the true positive SF results with negative BC, Klebsiella pneumoniae/oxy-
toca (n = 5), Enterococcus faecium, S. aureus and Streptococcus pneumoniae (each: n = 2) were
most commonly detected. Additionally, S3 Table presents data of SF+/BC- cases. Within the
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patients with true positive BC and negative SF results, E. coli (n = 3) and S. aureus (n = 2) were
most frequently isolated (Table 1).

BC analysis resulted in 75.0% sensitivity with 97.6% specificity and SF resulted in 80.9% sen-
sitivity with 97.6% specificity (see: Table 3). BC yielded 0.863 ROC-AUC (CI: 0.810 to 0.905,
Fig 2) and SF 0.890 ROC-AUC (CI: 0.841 to 0.928). The difference between both ROC-AUCs
was not found to be statistically significant (p = 0.558).

In non-bacteremic patients with positive BC and negative SF, the mean time to positivity
was 37.75 hours (±39.1 hours). In bacteremic patients with positive BC and negative SF the
mean time to positivity was 15.7 hours (±12.5 hours) and in bacteremic patients having a posi-
tive result in both tests, the mean time to positivity was 15.8 hours (±11.4 hours). These differ-
ences were found to be statistically significant (ANOVA, p = 0.031). In post-hoc analysis,
bacteremic patients for whom both tests were positive differed significantly from non-bacter-
emic patients with positive BC (p = 0.026), but not from bacteremic patients with negative SF
(p = 0.999).

Table 1. Distribution of detected pathogens.

Group Pathogens

no bacteremia
-BC-/SF- n = 156
(70.9%)

none

-BC-/SF+ n = 4
(1.8%)

CoNS (n = 4)

-BC+/SF- n = 4
(1.8%)

CoNS (n = 4)

detected pathogens in blood specimens

- BC-/SF+ n = 14
(6.4%)

Klebsiella pneumoniae/oxytoca (n = 5), Staphylococcus aureus (n = 2)1,
Enterococcus faecium (n = 2), Streptococcus pneumoniae (n = 2),
Streptococcus species (n = 1), Pseudomonas aeruginosa (n = 1), Enterobacter
cloacae/aerogenes (n = 1)

- BC+/SF- n = 11
(5.0%)

Escherichia coli (n = 3), Staphylococcus aureus (n = 2), Staphylococcus
epidermidis (n = 1), Citrobacter koseri (n = 1), Klebsiella pneumoniae (n = 1),
Pseudomonas aeruginosa (n = 1), Raoultella ornithinolytica (n = 1),
Streptococcus mutans (n = 1)

- BC+/SF+ n = 31
(14.1%)

Staphylococcus aureus (n = 7)1, Escherichia coli (n = 5)2, Pseudomonas
aeruginosa (n = 4)3, Klebsiella pneumoniae/oxytoca (n = 3)4, CoNS (n = 3),
Enterobacter cloacae/aerogenes (n = 2)5, Enterococcus faecalis (n = 2)6,
Candida albicans (n = 1)7, Enterococcus faecium (n = 1), Streptococcus
pyogenes (n = 1), Streptococcus mitis (n = 1), Streptococcus constellatus
(n = 1)

BC = blood culture, SF = Septifast MGrade test,

[–] negative,

[+] positive,

*detected in a localized CNS infection, excluded in comparison analysis,
1one cases with additional CoNS in BC and SF,
2one case with additional Staphylococcus epidermidis in BC,
3one case with additional detection of Enterococcus faecalis in SF and E. coli in BC,
4one case with polymicrobial infection: Escherichia coli (SF and BC), Bacteroides thetaiotaomicron (BC),

Corynebacterium species (BC),
5one case with additional detection of Citrobacter freundii in BC,
6one case with additional detection of Escherichia coli ESBL (BC),
7additonal detection of Streptococcus pneumoniae in SF

doi:10.1371/journal.pone.0151108.t001
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Performance of sepsis biomarkers
For discriminating between SIRS patients with positive and negative BC/SF test, PCT was the
best parameter (p<0.001) with a median of 0.27 ng/ml (Q1–Q3: 0.13–0.73) in non- bacteremic
SIRS patients and 1.79 ng/ml (Q1–Q3: 0.41–4.78) in bacteremic SIRS patients with detected
pathogens. When using a cut-off value of 0.37 ng/ml pre-defined in the literature [25], 35

Table 2. Patient characteristics of the study population and their distribution between non-bacteremic and bacteremic participants.

n All BC- and SF- BC+ and/or SF+ p-value

Male 220 127 (57.7%) 92 (56.1%) 35 (62.5%) 0.436

Wards medical 220 187 (85%) 142 (86.6%) 45 (80.4%) 0.281

Antibiotics before BC taken 220 50 (22.7%) 40 (24.4%) 10 (17.9%) 0.360

SIRS criteria* 220 93:108:19 68:79:17 25:29:2 0.306

Catheter 223 52 (23.6%) 35 (21.3%) 17 (30.4%) 0.281

Neoplasm 220 100 (45.5%) 71 (43.3%) 29 (51.8%) 0.281

In-hospital mortality 220 28 (12.7%) 18 (11.0%) 10 (17.9%) 0.244

Age 220 56.5 (41.5–68.0) 56 (40.0–67.0) 57.5 (45.0–68.0) 0.284

BMI 220 25.3 (21.5–29.0) 25.3 (21.6–29.2) 25.4 (21.0–27.8) 0.413

Respiration rate 216 21.0 (16.0–24.0) 21(16.0–24.0) 21 (16.0–24.0) 0.722

BT 220 38.5 (38.1–39.0) 38.5 (38.1–39.0) 38.8 (38.1–39.2) 0.109

Heart rate 220 100.0 (92.0–110.0) 100.0 (92.5–110.0) 100.0 (88.5–110.0) 0.772

LOS 220 15.5 (9.0–27.5) 15.5 (8.5–27.5) 16 (10.0–28.5) 0.465

WBC 220 10.29 (5.2–15.3) 10.2 (4.9–15.1) 10.5 (6.2–16.1) 0.592

IL-6 216 49.5 (22.3–15.2) 46.4 (21.1–109.0) 57.5 (32.4–172.6) 0.058

PCT 217 0.36 (0.15–1.45) 0.27 (0.13–0.73) 1.79 (0.41–4.8) <0.001**

CRP 213 14.7 (9.0–22.0) 13.7 (8.5–20.3) 15.9 (9.4–25.2) 0.027

LBP 218 27.0 (18.6–40.3) 25.8 (17.1–38.4) 34.2 (21.2–52.2) 0.004**

*2:3:4 SIRS criteria, BC = blood culture, BMI = body mass index, BT = body temperature, WBC = white blood count, LOS = length of hospital stay, IL-

6 = interleukin 6, CRP = C-reactive protein, LBP = lipopolysaccharide binding protein,

**statistically significant after application of the Bonferroni-Holm method

doi:10.1371/journal.pone.0151108.t002

Table 3. Diagnostic outcomemeasures of BC and SF analysis.

BC SF

negative positive negative positive

No Bacteremia 160 4 160 4

Bacteremia 14 42 11 45

Sensitivity 75.0% (61.6%– 85.6%) 80.4% (67.6%– 89.8%)

Specificity 97.6% (93.9%– 99.3%) 97.6% (93.9%– 99.3%)

AUC 86.3% (81.0%– 90.5%) 89.0% (84.1%– 92.8%)

LR+ 30.8 (11.5–81.9) 33.0 (12.4–87.5)

LR- 0.26 0.20–0.40 0.20 0.10–0.30

PPV 91.3 (79.2–97.6) 91.8 (80.4–97.7)

NPV 92.0 (86.9–95.5) 93.6 (88.8–96.7)

bacteremia was defined according to the codebook of the PPS survey of the ECDC (21) BC: blood culture analysis, SF: polymerases chain reaction

analysis (here: Septifast MGRADE test, Roche), 95% confidence intervals are given in brackets, LR+: positive likelihood ratio, LR-: negative likelihood ratio,

PPV: positive predictive value, NPV: negative predictive value;

doi:10.1371/journal.pone.0151108.t003
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patients with a positive SF test and also 35 patients with a positive BC were found in the higher
PCT group (p<0.001). Nevertheless, if in 113 patients with low PCT levels the SF analysis had
not been conducted accordingly, ten patients with a true positive SF test result and eight
patients with a true positive BC would have been missed. S4 Table presents data of the 13
patients with PCT levels<0.37 ng/ml.

Further, LBP and CRP levels differed significantly between bacteremic and non-bacteremic
patients (p = 0.001, p = 0.027, Table 2). PCT was the only parameter with a significant differ-
ence in the distribution between the six outcome groups analyzed (p<0.001, see Table 4). In
post-hoc analysis, only non-bacteremic patients with negative BC and negative SF results

Fig 2. ROC-AUC curves of blood culture (BC) and SF analysis. BC: 0.863ROC-AUC (CI: 0.810–0.905),
SF: 0.890 ROC-AUC (CI: 0.841–0.928); the difference between both ROC-AUCs was not found to be
statistically significant (p = 0.558 DeLong test).

doi:10.1371/journal.pone.0151108.g002

Table 4. Distribution of sepsis biomarkers within the six outcome groups.

No bacteremia Bacteremia

Parameter n BC-/SF- BC-/SF+ BC+/SF- BC-/SF+ BC+/SF- BC+/SF+ p-value1

PCT 224 0.27 (0.13–0.73) 0.23 (0.14–1.03) 0.39 (0.17–1.10) 0.65 (0.16–4.78) 4.26 (0.38–9.49) 1.87 (0.62–3.43) <0.001

LBP 225 25.3 (16.6–38.4) 28.9 (23.6–31.5) 38.4 (23.9–51.0) 24.9 (20.6–64.7) 36.9 (22.0–61.9) 36.0 (21.8–50.4) 0.058

CRP 220 13.9 (8.5–20.3) 13.7 (13.4–14.3) 18.6 (8.6–28.5) 17.6 (8.7–31.9) 18.8 (10.3–21.9) 15.6 (10.3–26.0) 0.381

IL-6 223 46.4 (21.1–110.4) 40.3 (18.2–51.3) 48.8 (26.6–73.3) 60.4 (32.4–222.1) 51.4 (44.4–172.6) 60.8 (22.5–170.5) 0.466

BC = blood culture, SF = Septifast MGrade test,

[–] negative,

[+] positive,
1Global test: Kruskal-Wallis test; post-hoc testing applied for PCT using nonparametric Dunn´s test (implemented in Graph Pad Prism; No bacteremia BC-/

SF- vs. No bacteremia BC-/SF+: p = > 0.999, No bacteremia BC-/SF- vs No bacteremia BC+/SF-: p = > 0.999, No bacteremia BC-/SF- vs. Bacteremia

BC-/SF+: p = 0.342, No bacteremia BC-/SF- vs. Bacteremia BC+/SF-: p = 0.0267, No bacteremia BC-/SF- vs. Bacteremia BC+/SF+ p< 0.001.

doi:10.1371/journal.pone.0151108.t004
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significantly differed from bacteremic patients for whom both tests were positive (p<0.001) or
only BC positive (p = 0.027).

Discussion
The aim of the study was to evaluate the Septifast MGrade test in adult patients with suspected
sepsis treated on the standard care ward in a tertiary hospital. Prior to this undertaking, various
studies have been performed including patients in the emergency department or on the inten-
sive care unit, neglecting standard care wards. Since a relevant proportion of septic patients are
treated on standard care wards, with a major economic impact, and many physicians on these
wards are not specialized in the management of infectious diseases, these patients warrant spe-
cial attention. To increase the pre-test probability of bacteremia and to focus on a relevant
patient cohort, exclusively patients fulfilling two or more SIRS criteria were included in this
study. In total, 220 SIRS patients including 56 patients with detected pathogens in blood speci-
mens (= 25.5% prevalence) were prospectively enrolled. Related to the collection site, partici-
pants were rather young (in median: 56.5 years), with a high rate of neoplasms (45.5%) and a
high rate of catheters (23.6%), which elevated the rate of S. epidermidis (12.5%) detected in
blood specimens. These pathogens were considered as true positives when detected in more
than one independent blood draw. No significant differences in patients’ characteristics were
found, indicating an appropriate matching of non-bacteremic SIRS patients to SIRS patients
with detected pathogens. Further, no bacteremic BC-/SF+ case was found that did not fulfill
the corresponding ECDC infection criteria. BC yielded 75.0% sensitivity and 97.6% specificity
for detecting bacteria in blood specimens, whereas SF presented a higher sensitivity and with a
similar specificity (80.4%, 97.6% respectively). In ROC-curve analysis, both tests resulted in a
comparable ROC-AUC (0.863 vs. 0.890, p = 0.558).

In comparison to the literature, we found a better performance of the SF test. Two meta-
analyses on the diagnostic performance of the Septifast MGrade test are published. Chang et al.
published a meta-analysis determining 75% sensitivity (95% CI: 65%–83%) and 92% specificity
(90%–95%) for detecting bacteremia or fungemia [19]. In a recent meta-analysis by Dark et al.,
SF showed 68% sensitivity (63%–73%) and 86% specificity (84%–89%) [20]. Some methodo-
logical differences between both meta-analyses exist, which might clarify these differences in
the outcome results. The analysis of Dark et al. restricted the analysis to those publications
using exclusively BC as the reference standard, whereas Chang et al. also accepted publications
with clinically documented infections and various reference standards. The prevalence (pre-
test probability) is not taken into account for calculating these diagnostic measures, but it can-
not be ruled out that the clinical setting might have had a major impact on their results. In the
meta-analyses, the cumulative proportion of bacteremia/fungemia was 0.23 [19] and 0.17 [20]
respectively, while in our case the bacteremia proportion of patients with detected pathogens
was 0.26.

In patients with a corresponding clinical presentation and with clinical improvement in the
course of an antibiotic therapy, a positive SF test was also considered a true positive result in
cases with negative BC analysis. We are aware that this procedure has an impact on the test
performance, but we do not see any malfunction of the SF test in such patients. In addition, an
improved “gold standard” index test would be highly desirable to avoid such uncertainties.

Subsequently, the higher pre-test probability might result in a higher rate of true positives in
SF analysis. In the literature, as well as in our study, SF presented a higher specificity than sen-
sitivity, implying its clinical utility as a rule in-test rather than a rule-out test for bacteremia.
Therefore, the SF analysis is not recommendable as a screening test. Between BC and SF analy-
sis, a discordance rate of 15.0% (n = 33) was found. In BC analysis, pathogens were isolated in
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11 patients, while SF remained negative. Amongst those patients were nine with pathogens
detectable within the spectrum of the SF assay. The causative pathogen was detected by SF in
14 patients (25.0%), while BC remained negative, indicating a substantial benefit for these
patients. Up to a rate of 32.2% positive SF tests with negative BC results is reported in the litera-
ture [14, 26]. One might speculate about the reasons for the heterogeneity within the rates of
SF positive BC negative results. Apart of the evaluation design, disease severity (analysis was
restricted to SIRS patients) might be an influencing factor for the higher true positive rate of
SF. Since in BC the detection of pathogens is restricted to vital microorganisms, SF analysis
offers the potential advantage of detecting the DNA of non-vital pathogens. In accordance, in
the literature there is some evidence for greater diagnostic accuracy of SF compared to BC in
patients with antibiotic treatment before sample collection [15, 27]. In our study, no significant
difference was found in the detection rate between those with or without antimicrobial therapy
before BC was taken (SF p = 0.235, BC: p = 0.125). The analysis of time-to-positivity of BC did
not show a trend for BC to turn positive faster in those patients with concordantly positive SF
than in those with a negative SF result. Such a trend would have indicated a higher pathogen
load in blood specimens of SF positive bacteremic patients. However, there are a plethora of
PCR inhibitors, including collagen, IgG, myoglobin, heparin or antiviral substances, which
might have an inhibitory influence on the test SF results [28]. On the clinical level, a compre-
hensive evaluation of such inhibitory substances on PCR tests is yet to be conducted.

The assessment of sepsis biomarkers showed that SIRS patients with detected pathogens in
blood specimens had elevated PCT, LBP and CRP levels compared to non-bacteremic SIRS
patients. Within the laboratory parameters tested, PCT presented the best potency to discrimi-
nate between non-bacteremic SIRS patients and those with detected pathogens. In the litera-
ture, a high concordance between elevated PCT levels and positive BC or SF results are
described [15, 16, 29]. Subsequently, PCT was proposed to be used as a screening parameter
indicative for the utility of subsequently ordered for BC/SF investigations. If a pre-defined cut-
off value of 0.37 ng/ml [25] had been used, 13 patients with true positive SF result and ten bac-
teremic patients with a positive BC result would have been missed. There is evidence that the
PCT expression levels are influenced by the causing pathogen type and by the patient´s infec-
tion site. Especially Gram-positive pathogens as well as conditions like endocarditis cause a
lower PCT expression [30–32]. Moreover, higher PCT levels are also found in patients with
malignancies, after surgical procedures, myocardial infarction or hemodialysis [33–38].
Although PCT is a useful marker in sepsis diagnostics and therapy monitoring [39], our data
would not support such a triaging based on the PCT result. Furthermore, an additional dis-
criminatory value of these biomarkers was not found for patients with a discordant SF to BC
result.

Several limitations must be disclosed in this monocentric cohort study. The BC and SF anal-
ysis was requested by the physician in charge according to the patient’s clinical presentation.
Along with the fulfilment of two or more SIRS criteria, availability of both analyses was the pri-
mary selection criterion in this study. Therefore an observational bias cannot be ruled out.
Moreover, a timeframe of 24 hours between blood culture, SF or biomarker taking was
accepted. Within this timeframe antibiotic treatment might have provoked a discordant result.
There is no clear data concerning the clearance of pathogenic DNA in the human blood circu-
lation. In a prospective observational study including 51 critically ill patients suffering from
Acinetobacter baumannii infection, the mean bacterial load was initially 2.15 log copies per mL
[40]. The bacterial clearance rate was 0.088 log copies per mL per day, which might indicate
that our accepted time lag is of minor influence for the total detectable bacterial DNA load.
Further, antibiotic treatment prior to sample collection could have impacted on the false nega-
tive rate of both tests. Furthermore, there is evidence showing that the expression of
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biomarkers is the highest on the third day after onset of sepsis [41, 42]. However, a delay in tak-
ing specimens for diagnostics and antibiotic pre-treatment are common issues in daily practice
and are therefore not seen as major limitations.

A new generation of microbiological multiplex PCR tests is upcoming, using an electrospray
ionization-mass spectrometry after the polymerase chain reaction followed by (PCR/ESI-MS).
These tests might have an improved sensitivity and are able to detect a limited range of antibi-
otic resistance marker [43, 44].

A major advantage of the SF is a shorter time-to-result, which may lead to a faster modifica-
tion of the empirical antimicrobial therapy [45, 46]. Further, the prescription practice of anti-
microbial therapy may change, since waiting for microbiological test results could improve the
outcome for patients [47]. In our laboratory as well as in most other centers the SF assay is
applied on samples arriving in the laboratory at working days before midday for a same day
result. A time-to-result analysis was left undone, since an observational bias would have been
created in relation to our inclusion criteria (24 hours’ timeframe between BC and SF). In the lit-
erature, a mean time of 15 to 18 hours is necessary to obtain a result from SF analysis [48, 49].
Thus, a simplified application of the assay, e.g. in form of a cartridge based POCT-test, would
be highly desirable. Moreover, detection of resistance genes is currently not included in SF, and
therefore this test cannot replace the BC but can be recommended as a helpful add-on in
patients with a high need of a fast pathogen detection.

Conclusion
The specificity of SF is in a higher range than its sensitivity. Since negative results do not
exclude bacteremia, the Septifast MGrade test is not suited to replacing BC, but it is a valuable
tool with which to complement BC for faster detection of pathogens.
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