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Executive Summary 

In sepsis, the presence of live microbes in the blood and the clinical symptoms due to such 
microbes is a hallmark of a potentially lethal infection with biological threat agents and of 
pathogenic agents in general. Symptomatic sepsis is a late indicator of the infection and is 
closely associated with high probability of mortality.  
 
Biomarkers based on nucleic acids, especially circulating nucleic acids (CNA), offer the 
potential to assess the stage and degree of sepsis progress. Aggressive treatment and 
preventative measures can reduce mortality and morbidity due to sepsis, especially if very 
early, even pre-symptomatic biomarkers of progression are available and can produce an 
accurate diagnosis of sepsis forming. 
 
DRDC and CNAD partnered in 2016 to undertake a project to use new diagnostic methods to 
identify and diagnose sepsis while the disease is still in a molecular, pre-symptomatic, stage.  
 

Results 

CNAD identified 24 biomarkers of sepsis by analyzing a set of CNA sequences of sepsis and 
control samples. The diagnostic decision capability of a neural network classifier using PCR 
data obtained from amplifying these marker sequences was evaluated on a first patient 
cohort of 240 combined sepsis and control samples, resulting in sensitivity of 93.2% and 
specificity of 89.0%. The trained classifier was blind-tested on an unrelated second patient 
cohort of 101 combined sepsis and control samples, producing sensitivity of 90.6% and 
specificity of 82.6%, where sepsis was detected as early as 3 days before blood was taken for 
culturing. 
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CNA samples 

MUG patient cohort 

As the experimental dataset that forms the basis for identifying sepsis biomarkers present in 
CNA, we have used 240 human serum or plasma samples collected from 153 individuals. 
These samples were collected at the Medical University of Graz (MUG), Austria (hereafter 
“MUG patient cohort”). There are two main classes of samples in this cohort, as shown in 
detail in Table 1:  
 

 Sepsis class: 147 samples obtained from 69 patients diagnosed with bacterial or 
fungal sepsis, according to the Sepsis-3 definition (Seckel, 2017). They were infected 
with various pathogens, including Gram-negative bacteria, Gram-positive bacteria 
and fungi. The timepoints at which samples were taken from a single patient range 
anywhere from 4 days before to 4 days after blood was taken for culturing of 
pathogens. 

 Control class: 93 samples obtained from 84 individuals who are either healthy or 
diagnosed with a disease other than sepsis including influenza, preeclampsia and 
lymphoma. 

 
Table 1. Breakdown of MUG Patient Cohort 

 

Sample 
class 

Pathogen type (sepsis) or 
condition (control) 

Patients Samples  

Samples taken at day(s) relative 
to the day when blood was taken  

for culturing (day 1) 

–
4 

–3 –2 
– 
1 

1 2 3 4 

Sepsis 

Gram 
negative 
bacteria 

Escherichia coli 21 41 

3 4 11 15 53 54 4 3 
Gram 
positive 
bacteria 

Staphylococcus 
aureus 

19 43 

Staphylococcus 
epidermis 

1 4 

Fungi 
Invasive 
candida 

28 59 

Control 

Healthy 46 46 

Not applicable 
Influenza 10 19 

Preeclampsia 22 22 

Lymphoma 6 6 

 

DSLT patient cohort 

Identified biomarkers were subsequently tested on additional 101 human serum samples 
collected from 46 patients who went through a surgery, which were provided by the 
Defence Science and Technology Laboratory (DSTL), Portendown, UK (hereafter “DSTL 
patient cohort”) (Lukaszewski et al., 2008). This cohort differs from the MUG Patient Cohort 
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in that the geographic location is new and all patients involved underwent a surgery. Two 
main classes of samples make up this cohort as well, as shown in Table 2. 
 

 Sepsis class: 32 samples obtained from 11 sepsis-infected patients. Both Gram-
negative and Gram-positive bacteria are represented as the pathogens in these 
samples, but no patients were infected with fungi. The timepoints at which samples 
were taken from a single patient ranges from 3 days before to 1 day after blood was 
taken for culturing of pathogens. 

 Control class: 69 samples obtained from 35 patients who were either a sepsis patient 
or a patient discharged after surgery without sepsis. In case of a sepsis patent, one 
pre-surgery sample from the patient was put into the control class. 

 
Table 2. Breakdown of DSTL Patient Cohort 

 

Sample 
class 

Bacterium (sepsis) or 
condition (control) 

Patients Samples 

Samples taken at 
day(s) relative to the 
day when blood was 
taken  for culturing 

(day 1) 

–3 –2 –1 1 

Sepsis 

Gram 
negative 
bacteria 

Escherichia coli 4 12 

4 6 11 11 

Bacteroides fragilis 1 2 

Enterobacter species 1 3 

Gram 
positive 
bacteria 

Staphylococcus aureus 1 3 

Coagulase-negative 
Staphylococci 

1 2 

Unidentified positive culture 1 4 

No information 2 6 

Control 
Discharged after surgery without sepsis 14 48 

Not applicable Pre-surgery samples of patients with 
later sepsis diagnosis 

21 21 

 

Materials and methods 

Sample collection  

a. Collection of blood clot activator tube, Lithium Heparin Sep tube or Lithium 
Heparin tube.  

b. Centrifugation of blood at 4000 rpm, plasma/serum is gained by collection of the 
upper phase 

c. Storage of plasma/serum samples at either at -20 °C or at -80°C 

CNA Isolation using High Pure Viral Nucleic Acid Kit (Roche) 

a. Plasma/serum samples are thawed at room temperature and mixed 
b. Centrifugation of samples (250 µL) using a table top centrifuge at 4000 rpm, at 

room temperature for 20 min 
c. Supernatant (200 µL) is used for extraction 
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d. 40 µL of Fresenius Water are used for elution 

Amplification of CNA using GenomePlex® Single Cell Whole Genome Amplification Kit 
(Sigma-Aldrich) 

a. Two independent amplification reactions per sample are prepared, 5 µL of CNA 
are used per reaction 

b. Addition of reagents to each reaction using an electronic multistep pipette 
c. Prior to thermocycler incubation, reactions are mixed by vortexing, sealed and 

spun down at max. 500 rpm for 3 sec 
d. Single cell lysis and fragmentation:  

- 0.5 µL of Lysis and Fragmentation Buffer are added to each reaction 

- PCR protocol: 50°C for 1h; 99°C for 4 min; 4°C ∞ 
e. Library preparation: 

- Addition of 1 µL Single Cell Library Preparation Buffer and 0.5 µL Library 
Stabilization Solution 

- PCR protocol: 95°C for 2 min; 4°C ∞ 

b. Addition of 0.5 µL Library Preparation Enzyme 
- PCR protocol: 16°C for 20 min; 24°C for 20 min; 37°C for 20 min; 75°C for 

5 min; 4°C ∞ 
c. Amplification: 

- Amplification master mix is performed for all reactions at once 
- Reaction mixture per well: 3.75 µL Amplification Mix (10x), 21.875 µL Fresenius 

water, 1.875 µL EvaGreen®, 2.5 µL WGA DNA Polymerase, 7.5 µL CNA/reagents 
from former steps 

- PCR protocol: 95°C for 3 min; [94°C for 30 sec; 65°C for 5 min; 80°C for 1s; 
plate read] x 25 cycles  

d. Agarose gel analysis: 
- Preparation of a 1.5 % agarose gel with TAE buffer containing 0.06 % ethidium 

bromide 

- Agarose gel is run in 1x TAE buffer at 140 V for 50 min 

- Agarose gel analysis by UV-photosystem 

- An amplification suitable for sequencing only is obtained, if each of the two 

reactions gives a DNA smear between 100 and 1000 bp 

Purification of amplified DNA using GenElute™ PCR Clean-Up Kit (Sigma-Aldrich) 

a. The two reaction replicates are pooled together when mixing the samples with 

Binding Buffer 

b. 40 µL of Fresenius Water are used for elution 

Preparation of samples for sequencing 

a. 15 µL per amplified DNA sample are used for sequencing 

b. Sequencing is performed by SEQ-IT GmbH & Co. KG, Germany 

c. Illumina sequencing using following parameters is conducted: 150 bp paired end 

library, 10 million reads in total 

d. Illumina sequencing (performed by Seq-IT Kaiserslautern, Germany): 
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All amplicons were purified using the Agencourt AMPure®XP system on a BioMek 
NX workstation (Beckman Coulter) and quantified using a FluoStar Optima® (BMG 
Labtech) with the Quant-iT Picogreen® dsDNA reagent (Life technologies, 
Darmstadt, Germany). The DNA was diluted to a final concentration of 0.2 
ng/µl. Library preparation for Illumina deep sequencing was done using the 
Nextera® XT DNA Sample Preparation and Index kit (Illumina), according to the 
manufacturer's instructions. The resulting libraries were normalized according to 
the manufacturer's instructions by SeqIt and pooled for subsequent sequencing on 
an Illumina NextSeq® 500 platform using the 2 × 150 cycle paired-end sequencing 
protocol. 

Sample preparation for RT-PCR 

a. Plasma/serum samples are thawed at room temperature and mixed  

b. Centrifugation of samples (250 µL) using a table top centrifuge at 4000 rpm, at 

room temperature for 20 min  

c. Transfer of supernatant (200 µL) into a new tube without disturbing the pellet (if 

a pellet has formed) 

d. Preparation of a 1:40 Dilution of the centrifuged sample with Fresenius water  

e. Transfer 2 µL of 1:40 diluted sample to PCR plate  

Design, synthesis and preparation of DNA oligonucleotides 

a. Oligonucleotides are designed to fulfill the following criteria; be specific to the 

CNA motif, to be 18-24 nt in size and have a Tm of approximately 62°C. 

b. Primers are synthesized by Integrated DNA Technologies. Lyophilized 

oligonucleotides are shipped at ambient temperature. 

c. Dissolving of oligonucleotides: addition of water (appropriate volume is given by 

the manufacturer, resulting in a 100 µM stock), incubation at 40 °C, 400 rpm for 

20 min 

d. Preparation of a 10 µM solution by dilution with water 

RT-PCR with serum samples 

a. Reaction Mixture per well: 10 µL of Luna MM (NE Biolabs), 0.5 µL of forward 
primer (10 µM), 0.5 µL of reverse primer (10 µM), 7 µL of Fresenius water, 2 µL of 
sample 

b. PCR protocol for amplification and detection: Amplification 95°C for 2 min; [95°C 
for 15 sec; 60°C for 45 sec; plate read] x40 cycles; Melt Curve [60°C to 95°C; 
increment of 0.5°C for 5 sec; plate read] 

Evaluation of primer pair specificity 

a. Preparation of a 2 % agarose gel with TAE buffer containing 0.06 % ethidium 

bromide 

b. Agarose gel is run in 1x TAE buffer at 140 V for 50 min 

c. Agarose gel analysis by UV-photosystem 

d. Specific primer pair is given if only one fragment of the correct size appears. 
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Results of CNA amplification 

In total, 873 samples were successfully amplified. Upon CNA isolation, samples were 
amplified in duplicates. A successful amplification was achieved only if both replicates gave a 
DNA smear between 100 bp and 1000 bp in agarose gel electrophoresis. Results for 
amplification of 72 samples are shown in Figure 1.  
 

 
 
Figure 1. CNA amplification of samples DS13.4 – DS22.3, using GenomePlex® Single Cell 
Whole Genome Amplification Kit. Both amplification replicates of each sample are shown, 
corresponding to lanes “a” and “b”, respectively. PC: positive control (human DNA); NC: 
negative template control (nuclease-free water); M: molecular weight marker; bp: base 
pairs.  

Sequence data generation and analysis  

Sequencing 

A total of 1141 samples were received in 2018. Of these, 873 samples were amplified and 
sent for sequencing at SEQ-IT, Kaiserslautern, Germany (see Table 3).  
 

Table 3. Summary of samples sent for sequencing in 2018. 
 

Sample 
set 

Sent for 
sequencing 

Total samples 
Sepsis 

samples 
SIRS 

samples 
Control 
samples 

MUG I 02/2018 156 124 - 32 

MUG II 08/2018 112 32 - 80 

MUG III 09/2018 15 - - 15 



 10 

DRDC 09/2018 563 187 176 200 

MUG IV 10/2018 27 13 - 14 

All  873 356 176 341 

 

Identification of informative genomic regions 

Individual 150-bp long reads were extracted from the FASTQ sequence files produced by 
Seq-IT (see above). Adapter bases were trimmed by using Cutadapt (Martin, 2011). The 
reads were then pair-merged and filtered using Vsearch (Rognes et al., 2016) with minimum 
overlaps of 10 bp and a maximum of ambiguities within the overlapping region of three bp. 
Using software tools developed in house the read pairs were clustered into clusters of highly 
similar reads. For each sample sequenced, abundance counts were generated for the 
clusters, which were used to identify those clusters that had similar counts across all 
samples (universal motifs), those that were more than twice higher in the abundance counts 
in sepsis patients (disease motifs) and those that were more than twice higher counts in 
controls (control motifs). In a separate approach, the read pairs were mapped to the human 
genome assembly and universal, disease-specific and control-specific motifs were identified 
through map comparisons using in-house software tools. 

Evaluation of primer pair specificity 

Primer pair specificity of each primer combination of a candidate marker was evaluated by 
agarose gel electrophoresis on a small sample set (see Figure 2). The latter was comprised of 
12 samples, RT-PCR product was analyzed by agarose gel electrophoresis. If the PCR product 
had the correct size and only one distinct DNA band, the primer pair was considered to be 
specific (compare Figure 2, Lanes 13 to 24). If no distinct product was obtained, the primer 
pair was discarded.  
 

 
 
Figure 2. Evaluation of primer pair specificity of two sepsis motifs. Lane 1 – 12 corresponds 
to JC47 motif (226 bp), lane 13 – 24 corresponds to JC48 motif (132 bp). M: molecular 
weight marker; bp: base pairs. 

Sepsis biomarkers 

 
Filtering of initial informative genomic regions by primer pair specificity evaluation resulted 
in a final set of 24 biomarkers, as described in Table 4. Cq values for these markers were 
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extracted from the fluorescence signal of the PCR products. Multiple data files were 
combined to generate a single dataset for the study. An inter-run calibrator obtained using a 
defined amount of G-block, was used to normalize differences between individual PCR runs.  
 
The 24 biomarkers were compared in pairs by calculating pair-wise differences in Cq values 
(Delta-Cq values). Thus, 276 biomarker pairs were derived, resulting in a set of 276 Delta-Cq 
values for each individual serum/plasma sample. Only linearly independent and linearly 
uncorrelated biomarker pairs with a Pearson Correlation Coefficient of 0.6 or less (Pearson, 
1896) were retained. The data processing procedure resulted in the selection of 23 
biomarker pairs, which were used for subsequent classifier training and performance 
evaluation. 
 
Table 4. Motifs, RT-PCR primer pairs and genomic loci of the 24 biomarkers. Alignment of an 
amplified sequence with a high-identity genomic locus covers at least 95% of the sequence 
with at least 95% identity with the genomic sequence in the human genome assembly 
GRCh38.p12. 
 

 Final motif 
ID 

Interim 
motif ID 

Patent 
ID 

Length 
(bp) 

Genomic locus matching 
amplified sequence with 

highest BLAST score 

Number of 
High-identify 
genomic loci 

Forward primer Reverse primer 

1 Sepsis J7 Set1Dis07 hu-sep-
CNAD-
0100 

225 1:176751868-176752092 202 TTGTTGCGATA
GTTTACTGAGA
ATG 

TGCTGCTCTAAA
GACACATGC  

2 Sepsis J15 Set1Dis15 hu-sep-
CNAD-
0108 

211 14:37839103-37839313 64 ACATACGTGTG
CATGTGTCTT 

AAACAACAGAT
GCTGGAGAGG 

3 Sepsis J16 Set1Dis16 hu-sep-
CNAD-
0109 

191 3:105995079-105995269 192 TCAACATAGTAT
TGGAAGTTCTG
G 

GTATCCTGAGA
CTTTGCTGAAG 

4 Sepsis J17 Set1Dis17 hu-sep-
CNAD-
0110 

190 19:50096603-50096792 22 GGTCAGGAGTT
CGAGACCA 

CAGGCTGGAGT
GCAGTG 

5 Sepsis J19 Set1Dis19 hu-sep-
CNAD-
0112 

140 11:133643605-133643744 199 GAAACCAACAA
GAACAAAGACA
C 

AATTGTGATGTT
AGGGTGTCAA 

6 Sepsis J21 Set1Dis21 hu-sep-
CNAD-
0114 

191 18:73823090-73823273 3 TTGTTCTTGTGA
TAGTTTGCTGA
G 

GAGACATTACT
GACAATAGCAA
AGAC 

7 Sepsis J23 Set1Dis23 hu-sep-
CNAD-
0116 

200 7:78889332-78889531 150 GAGAGATCCAC
TGTTAGTCTGAT
GG 

CAATCTAGCAA
GGCAGGCCAA 

8 Sepsis J36 Set2Dis12 hu-sep-
CNAD-
0129 

210 7:91510533-91510741 179 GGATGCATGGC
TGGTTCAA  

GTGTGGGTTTG
TCATAGATAGCT
C 

9 Sepsis JU2 Set1Ref02 hu-sep-
CNAD-
0059 

220 6:40091905-40092124 50 TCCAATTCTGTG
AAGAAAGTCAT
TG 

AAATACCTAGG
AATCCACCTTAC
AA 

10 Sepsis JU4 Set1Ref04 hu-sep-
CNAD-
0061 

241 6:124708424-124708664 179 ACCTTGGGCAG
TATGGC 

GCATTCTTATAC
ACCAACAACAG
A 

11 Sepsis JU11 Set1Ref15 hu-sep-
CNAD-
0068 

183 10:91428246-91428428 199 TGGTATCAGTAC
CATGCTGTTT 

GCTACCAATGA
CTTTCTTCACAG 

12 Sepsis JC1 Set1Ctl01 hu-sep-
CNAD-
0001 

166 13:16773515-16773680 23 AAACGTCCGCTT
GCAGATAC 

GCTGTGAAGAT
TTCGTTGGAAAC 

13 Sepsis JC2 Set1Ctl02 hu-sep-
CNAD-
0002 

122 8:43981494-43981615 16 AGTATGCTGCT
GTGTACGTTT 

CCTTTGTACTGA
CAGAGCAGTT 

14 Sepsis JC4 Set1Ctl04 hu-sep-
CNAD-
0004 

182 14:16689668-16689849 11 TCAGCTAACAG
AGGTGGATCT 

CTATGAGTTGA
ATGGAAATATC
CGAAAG 



 12 

15 Sepsis JC5 Set1Ctl05 hu-sep-
CNAD-
0005 

181 19:25791092-25791272 70 CTTGTGGCCTTC
GTTGGAAA 

ATTGAACTCAAA
GCGGCTGAA 

16 Sepsis JC6 Set1Ctl06 hu-sep-
CNAD-
0006 

140 13:16414153-16414293 47 GATAGCTGTGA
AGATTTCGTTG
G 

AGCGTTTCAAAC
CTCTCTAGG 

17 Sepsis JC34 Set2Ctl10 hu-sep-
CNAD-
0030 

204 19:26715090-26715292 22 TGGAAACACTCT
GTCTGTAAAGT 

CTCCACTTGCAA
ATTCCACAAA 

18 Sepsis JC35 Set2Ctl11 hu-sep-
CNAD-
0031 

151 1:122994551-122994701 2 TCTGCGATGTGT
GCGTTC 

TCTGTCTAGCAG
AATATGAAGAA
ATCC 

19 Sepsis JC42 Set2Ctl18 hu-sep-
CNAD-
0038 

210 1:221211977-221212181 18 GTTCAACCATTG
TGGAAGACAG 

CCAGTCTATTAT
TGATGGGCATTT 

20 Sepsis JC48 Set2Ctl25 hu-sep-
CNAD-
0044 

131 1:143193394-143193524 19 TCGAATGGACT
CGAATGGAATA
A 

TCGATGATGATC
ACACTGGATTT 

21 Sepsis JC50 Set2Ctl27 hu-sep-
CNAD-
0046 

204 X:33442228-33442431 175 CAACAACTCTTC
ATGCTATAAACT
CTC 

GGCCAGAACTT
CCAACACTAT 

22 Sepsis SC2 HSMC2 hu-sep-
CNAD-
0050 

186 16:36853542-36853727 20 GTGGATATTCG
GACCTCTTTGA 

GCGCTTGAAAT
CTCCACTTG 

23 Sepsis SC5 HMSC7 hu-sep-
CNAD-
0053 

180 MT:2911-3090 1 CCAACGGAACA
AGTTACCCTA 

CTGGATTACTCC
GGTCTGAAC 

24 Sepsis SC7 HSMC14 hu-sep-
CNAD-
0055 

162 MT:9939-10100 1 GTAGATGTGGT
TTGACTATTTCT
GTATG 

GGCTAGGAGGG
TGTTGATTATT 

 

Diagnostic decision performance 

Workflow 

The diagnostic decision algorithm using the 23 biomarker pairs (we started with 24 markers 
to generate 276 distinct marker pairs, of which only 23 pairs are deemed informative and 
non-redundant. Classifiers are trained and tested on these marker pairs) were evaluated 
using the MUG patient cohort and the DSTL patient cohort. The algorithm is a classifier that 
decides for a given input sample whether it is of a patient infected with sepsis or not. We 
used a neural network classifier. There are two major phases in evaluating the performance 
of this classifier: training and testing. The classifier is first trained using the 23 biomarkers 
pairs on the MUG patient cohort. This process resulted in the selection of a neural network 
model with 23 input nodes, 10 middle nodes and 1 output node, and associated weights that 
gave rise to the best classification performance. The trained classifier model is then tested, 
without modification, using the 23 biomarker pairs on the DSTL patient cohort. Figure 3 
shows this workflow consisting of training and testing phases. 
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Figure 3. Workflow for neural network classifier performance evaluation 
 
Given an input sample and a classification result, there were four possible outcomes: 
 

 True positive: Sepsis sample correctly classified as sepsis, 
 False positive: Control sample incorrectly classified as sepsis, 
 True negative: Control sample correctly classified as control, 
 False negative: Sepsis sample incorrectly classified as control. 

 
With the above outcome definitions, the following performance measures were defined, 
which were used for both for selecting the best classifier model during the training phase 
and for determining performance during the testing phase: 
 

 Sensitivity = True positives / (True positives + False negatives), 
 Specificity = True negatives / (True negatives + False positives), 
 Positive Predicted Value = True positives / (True positives + False positives), 
 Negative Predicted Value = True negatives / (True negatives + False negatives). 
 Accuracy = (True positives + True negatives) / (True positives + False negatives + True 

negatives + False positives) 

Classifier performance assessment 

To avoid overfitting and assess the ability of the classifier model to generalize to previously 
unseen data, a 5-fold cross validation scheme with 4 repetitions was used. In this training 
scheme, the training dataset was randomly partitioned into five folds (Fold 1, Fold 2, Fold 3, 
Fold 4 and Fold 5), where each fold contained approximately the same number of samples. 
Subsequently, the classifier was trained on four folds and tested on the remaining fold, 
which was not used for training. This procedure of training on four folds followed by testing 
using the remaining one-fold was done five times, each time using a different set of four 
folds for training, such that each sample was tested for classification exactly once. This 
method gave rise to one full set of test results and performance measures.  
 
Additionally, to reduce the influence of a particular random partitioning of training samples 
into five folds on the performance measures, the whole process was repeated four times, 
each time with a different partitioning (four repetitions). The performance measures from all 
repetitions were averaged to derive the combined performance measures. Table 5 shows 
the performance measures of the best classifier model selected during training.  
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Table 5. MUG patient cohort classification result 

 

Training repetition Sensitivity 
 

Specificity 
 

Positive 
Predictive 

Value 

Negative 
Predictive 

Value 

Accuracy 

Repetition 1 94.6 % 90.3 % 93.9 % 91.3 % 92.9 % 

Repetition 2 91.8 % 89.2 % 93.1 % 87.4 % 90.8 % 

Repetition 3 93.2 % 87.1 % 91.9 % 89.0 % 90.8 % 

Repetition 4 93.2 % 89.2 % 93.2 % 89.2 % 91.7 % 

Final (average) 93.2 % 89.0 % 93.0 % 89.2 % 91.6 % 

 
The specific neural network classifier model as trained on the MUG patient cohort was used 
without modification for testing on the yet unseen DSTL patient cohort (i.e. blind test), with 
the final result shown in Table 6.  
 

Table 6. DSTL patient cohort classification result 
 

Test type Sensitivity 
 

Specificity 
 

Positive 
Predictive 

Value 

Negative 
Predictive 

Value 

Accuracy 

Blind test 90.6 % 82.6 % 70.7 % 95.0% 85.2 % 

 
Of keen interest was how early sepsis could be detected by the classifier in terms of days 
before blood was taken from a patient for culturing. This information is shown in Table 7, 
where the number of sepsis samples per timepoint and the number of successful detections 
are compared per timepoint. The sepsis samples from the earliest timepoint (3 days before) 
in the cohort was all detected correctly as sepsis (4 out of 4), while at other early timepoints 
(2 days and 1 day before) the detection was not perfect. At day 1, the detection of sepsis 
was perfect (11 out of 11). Although the number of sepsis samples in this particular cohort 
was not very large, the early sepsis detection capability of the biomarkers combined with a 
carefully chosen and trained classifier is apparently demonstrated. 
 

Table 7. Breakdown by timepoint of DSTL patient cohort sepsis sample classification result 
 

 Early timepoints (before day 1) Day 1 (when 
blood was taken 

for culturing) 
3 days 
before 

2 days 
before 

1 day 
before 

Sepsis samples in 
DSTL patient cohort 

4 6 11 11 

Correctly detected 
as sepsis 

4 4 10 11 
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Conclusion 

We have identified 24 biomarkers of sepsis and assessed their predictive power in early 
sepsis diagnosis using two separate patient cohorts. The decision accuracy we have achieved 
is up to such a level that enables development of a PCR-based commercial test that can be 
used as a supplementary test to help improve the current clinical practice of sepsis diagnosis 
and treatment. Through this process, CNAD also established and demonstrated working 
platform technology that can be applied with little modification to other diseases of similar 
nature, characterized by rapid disease progression and existence of sufficiently distinct CNA 
biomarkers stemming from host response to the progression. As our technology is not 
specific to specific pathogens, it can also be extrapolated to detecting human body’s 
response to biological threat agents as well as naturally existing pathogens. 
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