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Abstract 

Sepsis is a life-threatening organ dysfunction caused by a dysregulated host response to 
infection. As the immune system overreacts, the patient outcome can be detrimental, where 
every hour of delay substantially increases the mortality rate. Therefore, early diagnosis and 
treatment are critical for patient outcomes. The project aimed to obtain high quality and 
quantity bacterial DNA to be used in metagenomic sequencing for identification of pathogens 
and antimicrobial resistance genes, ultimately contributing to earlier diagnosis of sepsis and 
effective treatment. DNA extractions were performed manually and semi-robotically to 
compare the outcome, turnaround time, and hands-on time, considering time-sensitivity in 
clinical applications. Whole blood from healthy human donors were spiked with whole 
bacteria, bacterial DNA, and a microbial community DNA standard, where the DNA were 
extracted before sequencing with the MinION device. Raw sequencing data was analysed 
through the EPI2ME software which enabled taxonomic classification and antimicrobial 
resistance gene detection. Obtained results demonstrated the success of host exclusion via 
adaptive sampling, with high quality of data. Negative controls were expected to only contain 
human DNA, but the presence of different bacterial species were detected, and several 
unexpected species were also present throughout most DNA samples. However, expected 
bacterial species were still detected throughout the DNA samples, with mdf(A) gene present in 
two. Detection of the Escherichia coli spike-in of 10 CFU which mimics the limited amount 
naturally found in sepsis patients’ blood was achieved. Therefore, the project showed the 
potential of nanopore sequencing in detecting pathogens and antimicrobial resistance genes in 
blood samples, while achieving earlier sepsis diagnosis.  



 

Popular Scientific Summary  

Sepsis is a life-threatening condition where the body’s immune system overreacts to an 
infection, potentially leading to organ failure and death. It can be caused by a multitude of 
microorganisms that are capable of infecting our bodies. The standard method of identifying 
the microorganism triggering this overreaction involves taking a blood sample to see if any 
microorganism starts growing in it. If it does, then it is possible to test what antibiotics are 
effective against it by evaluating how well they stop their growth. However, this method is very 
slow because some microorganisms require a longer time to grow. Therefore, this project 
investigated if it would be possible to use a more rapid method to detect the microorganisms 
earlier, without requiring the microorganism to grow beforehand. This method of nanopore 
sequencing generates information about the microorganism's genome by looking at the DNA 
code. This information is then matched to a database, so that the specific microorganism can 
be identified and thus the correct antibiotic prescribed. To perform nanopore sequencing, DNA 
needs to be isolated from the microorganism, preferably in a rapid manner, while still 
providing a lot of DNA molecules that are free from other components that could otherwise 
affect the success of the method. Therefore, this project investigated the use of a semi-robotic 
method for isolating DNA compared with a manual method. It found that the semi-robotic 
method was just as effective at extracting DNA molecules, and for certain microorganism types, 
much faster in doing so. The nanopore sequencing method detected a high number of 
unexpected microorganisms in the samples, which could be due to contamination from 
laboratory chemicals. However, nanopore sequencing was able to detect the small number of 
microorganisms that were inserted into blood, similar to the amount naturally found in sepsis 
patients within clinical settings. This finding demonstrates the potential of nanopore 
sequencing for future sepsis diagnosis and patient outcomes, as detecting microorganisms in 
blood without growing them enables earlier detection and antibiotic treatment. With faster 
diagnosis, doctors can start the right treatment hours or days sooner, which reduces the risk of 
organ failure, prevents long-term complications, and ultimately increases the number of 
patients who survive sepsis. 
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1 Introduction 

1.1 Defining Sepsis      

Sepsis is a major cause of morbidity and mortality affecting millions worldwide (Gray et 
al., 2025). It is defined by the Third International Consensus Definitions for Sepsis and 
Septic Shock (Sepsis-3) as a “life-threatening organ dysfunction caused by a dysregulated 
host response to infection” (Singer et al., 2016). When the immune system reacts to a 
pathogen in the body, host cells that carry pattern recognition receptors (PRR) recognise 
different molecules associated with pathogens or damaged host cells. This leads to a 
widespread activation of innate immune pathways, resulting in the release of different 
inflammatory mediators by various immune cells. These inflammatory mediators are of 
high importance in sepsis, as they lead to either the activation or suppression of multiple 
pathways in the body, ultimately causing the symptoms of sepsis along with organ 
dysfunction. However, it is unknown why the host response becomes dysregulated and 
why some organs are more severely affected than others in individual patients (Arina & 
Singer, 2021; Salomão et al., 2019). The symptoms of sepsis are generally non-specific, 
making them difficult to recognise as well as the pathogen associated with the cause of 
infection, requiring effective treatment (Esposito et al., 2025).  

 

1.2 Identifying Sepsis      

Unfortunately, the process of identifying the causative pathogen in suspected sepsis 
patients is prolonged due to blood culturing, which is the current gold standard within 
clinical practice (Wu et al., 2023). Only 20-30 % of sepsis patients receive a positive 
blood culture, where the invading pathogen begins to grow in media from a patient’s 
blood sample (Tabak et al., 2018; Marik, 2014). Once growth is detected in a blood 
sample, the next step is to identify the pathogen and perform antibiotic susceptibility 
testing (AST). To achieve this, pure isolated colonies, typically obtained by overnight 
culturing, are used for different identification tests such as Gram staining and MALDI-
TOF mass spectrometry. Quantitative measures of antibiotic susceptibility are also tested 
alongside the identification tests, where the correct antibiotic and minimum inhibitory 
concentration is determined. After the initial 9-18 h it takes to detect growth in a blood 
sample, identification of the pathogen and AST could take several days or weeks (Tjandra 
et al., 2022).  

The resulting delay in detection and treatment of sepsis are the most crucial factors 
which involve the outcome of the patient (Marik, 2014). The delay of treatment within 
the first hours of sepsis is strongly related to an increase in mortality, and for patients 
with septic shock, survival decreases by 7.6 % for every hour that passes (Qin et al., 
2023). Patients receiving early treatment prove to suffer less from Post-Sepsis Syndrome 
(PSS), a group of symptoms that frequently occur in surviving sepsis patients including 
long-lasting fatigue, immune dysregulation, neuromuscular dysfunction, metabolic 
dysfunction and cognitive deficits. These outcomes appear to primarily be caused by 
mitochondrial dysfunction in cells of the organs affected by the immunological response 
in sepsis. These complications increase the risk of recurrent infections, neurocognitive 
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decline, and cardiovascular disease among sepsis survivors, where both life quality and 
expectancy are negatively affected (Gorecki et al., 2025; Torres et al., 2025).  

Due to the rapid progression of sepsis, non-specific broad-spectrum antibiotics can be 
administered when the causative bacterial pathogen is not clearly identified (Gupta et 
al., 2023). The administration of these drugs can be problematic during routine clinical 
practices, as up to 46 % of empirical antibiotic administration prove to be incompatible 
with the patient’s infection, resulting in the development of antibiotic resistance and 
drug-related toxicity (Campion & Scully, 2018). When receiving non-effective antibiotic 
therapy in blood stream infections, the treatment is associated with increased odds of 
overall mortality, which applies to both patients with or without sepsis (Kadri et al., 
2020). Therefore, the need for earlier identification of the causative pathogen is 
necessary to optimise the diagnosis, providing effective treatment and management of 
sepsis. 

 

1.3 Alternative Diagnostics     

Researchers are actively exploring new diagnostic tools to enable earlier identification of 
sepsis-associated pathogens and thus better management of the condition itself. In 
addition to conventional blood culturing, combinations of biomarkers have been used 
for sepsis detection, for instance panels including C-reactive protein and procalcitonin 
(Chen et al., 2025). The biomarker approach can aid in distinguishing between patients 
at a high risk of sepsis and those with a non-infectious inflammatory condition, which is 
crucial during a high emergency situation (Swain, 2025). Despite the potential benefits, 
they have proven to be inconsistent with sensitivity and specificity, as they focus on the 
host’s response to the bacterial infection as opposed to the identification of the causative 
pathogens responsible for the infection (Duad et al., 2024). The biomarker’s lack of 
pathogen identification can be addressed using PCR, detecting small amounts of 
pathogen DNA in blood, ultimately identifying the causative pathogen and allowing for 
effective antibiotic treatment (Trung et al., 2017). However, PCR-detection methods 
require pre-designed primers, designed to only target specific pathogens or genes, which 
can limit the ability to identify infecting agents not covered by the primers, potentially 
missing other pathogens (Sun et al., 2025).  

 

1.4 Metagenomic Sequencing     

These limitations in sepsis diagnostic tools have led to a growing interest in more 
unbiased approaches, such as metagenomic next-generation sequencing (mNGS). Unlike 
PCR targeted panels, mNGS sequences all microbial DNA directly from clinical samples 
like blood, allowing for detection of a biodiversity of pathogens, thus achieving a higher 
specificity and sensitivity (Zhang et al., 2024; Gu et al., 2020). However, short-read 
mNGS devices fragment DNA into relatively short fragments, which can complicate 
genome assembly and thus hinder strain-level resolution (Lorenzin & Carlin, 2025).  
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To overcome these challenges, newer long-read devices have emerged. Oxford Nanopore 
Technologies’ (ONT) MinION device represents mNGS advancements, as it provides 
long-read sequencing for real-time genome assembly, species identification, and 
antimicrobial resistance (AMR) gene profiling (Tai et al., 2025; Papamentzelopoulou et 
al., 2025). Nanopore sequencing differs from previous DNA sequencing approaches that 
rely on DNA synthesis or amplification, as this technique works by passing long single-
stranded DNA molecules through protein nanopores and detecting changes in ionic 
current. When the nucleotides are passing through and occupy the pore, the change in 
ionic current gives a characteristic signal for each nucleotide, which can then be 
translated into a sequence through basecalling (Kono & Arakawa, 2019).  

Despite being a sufficient tool for detecting AMR genes due to its long-read mechanism, 
the presence of an AMR gene does not always confer phenotypic resistance to its 
corresponding drug. This is due to antimicrobial susceptibility depending on phenotypic 
expression, variations or mutations in the AMR genes and environmental conditions, 
which can hinder the clinical application of the results obtained. However, ongoing 
research shows promise with the use of machine learning with algorithms trained on 
large-scale public datasets being able to accurately predict pathogen drug susceptibility 
(Zou et al., 2025). 

The overall turnaround time (TAT) for identifying bacteria and AMR genes with 
nanopore sequencing is within 7-9 h when healthy, fresh blood samples are spiked with 
bacterial isolates and incubated in blood culture bottles (Ali et al., 2024). For long-read 
sequencing success, high DNA purity, concentration, and length are crucial, emphasising 
the importance of high-quality DNA extractions from blood samples, which can be 
difficult to achieve due to the low number of bacteria circulating in the blood during 
bacterial sepsis (Arina & Singer, 2021; Kalendar et al., 2023; ONT, 2026a). To 
consistently provide high-quality DNA extractions from patient samples while reducing 
hands-on time (HoT), semi-robotic machines such as the QiaCube can be implemented 
into these workflows (Phillips et al., 2011). By delivering rapid and comprehensive 
pathogen identification during early critical stages of sepsis, metagenomic sequencing 
promises a future of improved patient care and longevity. 

 

1.5 Aim 

The aim of this project was to obtain high quality, quantity and sufficient length of 
bacterial DNA from the limited amount found naturally in blood of sepsis patients, a 
problem currently not resolved within ongoing research, while also reducing the 
turnaround time. This extracted DNA was used for downstream applications such as 
metagenomic sequencing, aiding in the process of identification of pathogens and AMR 
genes, while ultimately contributing towards achieving earlier diagnosis of sepsis and 
effective treatment. 

 

1.6 Objectives 
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The objectives of this project consisted of the following: 

 Evaluate and compare the performances between manual and semi-robotic DNA 
extractions, followed by appropriate statistical tests. 

 Spike healthy whole human blood samples with whole bacteria, bacterial DNA, 
and a microbial community DNA standard. 

 Sequence extracted DNA with the MinION device and perform bioinformatic 
analysis to identify pathogen taxa and AMR genes. 
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2 Materials and Methods  

2.1 Overview of Project 

The project workflow can be visualised in Figure 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Project overview. Bacteria were grown in Luria Bertani (LB) media, and DNA extractions 
were performed manually and semi-robotically, with optimisation trials. Statistical tests 
compared both methods. DNA was extracted from healthy human blood spiked with bacteria. 
Extracted DNA was assessed for quality, quantity and integrity, then cleaned with AMPure XP 
beads. Library preparation for 22 samples was followed by MinION sequencing using MinKNOW, 
with re-basecalling and taxonomic classification via EPI2ME. 

 

2.2 Growing Bacteria and Calculating CFU/ml 
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Growth curves were generated to estimate time reached at certain OD600 values, and 
CFU/ml were calculated for spiking specific CFUs for downstream applications. A colony 
from Escherichia coli ATCC 25922 and Staphylococcus epidermidis CCUG 21989 plates 
were inoculated into 15 ml falcon tubes with 5 ml LB-media in a shaking incubator 
(Orbital) at 37 ºC and 250 rpm overnight, alongside a negative control without bacteria. 
1 ml overnight culture from E. coli and S. epidermidis were measured into two separate 
100 ml E-flasks with 24 ml LB-media for E. coli, and 19 ml for S. epidermidis. These 
cultures were grown at 37 ºC and 160 rpm in a shaking incubator (Orbital), generating a 
growth curve with OD600 measurements from a photometer DEN-600 (BioSan) taken at 
regular intervals. At OD600 of 0.4, 0.6, 0.8, and 1.0, serial dilutions were performed 
ranging from 10-1 to 10-9 using 0.85 % saline solution. Depending on the OD600, 100 μl of 
three dilutions were plated onto LB-agar plates in duplicates for each bacterium. After 
incubation at 37 ºC overnight (Heraeus), the CFU/ml was calculated for each OD600 and 
dilution for E. coli and S. epidermidis, with only CFU ranging from 30-500. This was 
calculated using the following formula:  

𝐶𝐹𝑈 𝑚𝑙 =  
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑙𝑜𝑛𝑖𝑒𝑠  ×  𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟

𝑣𝑜𝑙𝑢𝑚𝑒 𝑝𝑙𝑎𝑡𝑒𝑑 (𝑚𝑙)
ൗ  

CFU/ml values were plotted against OD600 values to estimate CFU/ml.  

 

2.3 Manual and Semi-Robotic DNA Extractions 

2.3.1 Growth of E. coli and S. epidermidis  

Four colonies from E. coli and S. epidermidis were grown overnight, similarly to § 2.2. 
Upon this, 1 ml overnight culture from E. coli and S. epidermidis were measured into 
four separate 100 ml E-flasks with 24 ml LB-media for E. coli and four with 19 ml for S. 
epidermidis. These cultures were grown at 37 ºC and 160 rpm in a shaking incubator 
(Orbital), until they reached an OD600 of 1.0, measured with a photometer DEN-600 
(BioSan). Four pellets were then taken from each culture with 1 ml per pellet, resulting 
in sixteen pellets prepared for each bacterium for DNA extraction and kept on ice.  

 

2.3.2 DNA extractions of E. coli   

Eight manual and eight semi-robotic (QiaCube) DNA extractions were performed with 
E. coli cultures using the QIAamp DNA Mini kit (QIAGEN). The protocol from Appendix 
C for Gram-negative Bacteria from QIAamp DNA Mini and Blood Handbook v2025 
(QIAGEN) was followed. Lysis was set to one hour and step 5b was followed, as RNA-
free genomic DNA was not required. The recommended step 10 of additional 
centrifugation was followed. During trials, two optimised extractions and one control 
were tested, and kit modifications were made based on steps that improved outcomes. 
The final optimisation process included elution being performed with 100 µl nuclease-
free water (Milli-Q) instead of Buffer AE, followed by 50 µl. Incubation at room 
temperature during elution was extended from one minute to five minutes. However, 
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incubation during elution remained at one minute with the semi-robotic extractions 
(QiaCube), as this parameter was not editable. DNA extractions were stored at –20 ºC.  

 

2.3.3 DNA extractions of S. epidermidis  

Eight manual and eight semi-robotic (QiaCube) DNA extractions were performed with 
S. epidermidis cultures using the QIAamp DNA Mini kit (QIAGEN). 20 mg/ml lysosyme 
(Thermo Fisher Scientific) in 20 mM Tris·Cl, pH 8.0, 2 mM EDTA, and 1.2 % Triton was 
prepared and stored at +4 ºC. The protocol in Appendix C for Gram-positive Bacteria 
from QIAamp DNA Mini and Blood Handbook v2025 (QIAGEN) was followed. However, 
the incubation step at 95 ºC was not performed due to the risk of DNA degradation. The 
recommended step 10 was followed. Additionally, adjustments were made upon testing 
optimisation processes, similar to § 2.3.2. This included extending lysis incubation from 
30 minutes to one hour. Additionally, 50 µl nuclease-free water (Milli-Q) was used 
instead of Buffer AE during two elution steps, where incubation at room temperature 
was extended to five minutes. DNA extractions were stored at –20 ºC. 

 

2.4 DNA Extractions with Spiked-in Blood 

2.4.1 Blood Collection and Preparation 

Whole blood was collected from five healthy human donors from Unilabs at Skaraborg 
Hospital, and were stored at –70 ºC before use. During experimental procedures, tubes 
were thawed on ice before inverting until they were homogenised, and kept at +4 ºC. 

 

2.4.2 Constructing Spike-ins and Extracting Microbial DNA 

DNA extractions were performed using the QuickDNA Miniprep Plus DNA kit (Zymo 
Research) with the associated Instruction Manual v2.0.1 (Zymo Research), by spiking 
190 µl whole healthy human blood with 10 µl of the following: 103 CFU and 10 CFU E. 
coli ATCC 25922, 100 ng Microbial DNA Community Standard (Zymobiomics), and 50 
ng Haemophilus Influenzae DNA (DNAour).  This resulted in a spike-in for each type in 
blood from five different donors. 0.85 % saline solution was a diluent for the bacteria. 
Two negative controls with only blood were used alongside the spiked samples (n=22). 
During extractions, 420 µl Genomic Binding Buffer was added to the digested sample 
and 50 µl nuclease-free water (Milli-Q) was used during elution. 

 

2.5 Quantity, Quality and Integrity of Extracted DNA  

All DNA extractions were quantified using a Qubit 4 Fluorometer (ThermoFisher) with 
the associated Qubit dsDNA High Sensitivity kit (Invitrogen), following the Qubit™ 1X 
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dsDNA HS Assay Kits User Guide (ThermoFisher, 2020). Purity was measured using a 
DS-11 Spectrophotometer (DeNovix). Cleaning according to the AMPure XP Beads 
protocol (Beckman Coulter, n.d) was performed to purify the DNA extractions. The input 
volume was 45 µl and AMPure XP bead (ONT) volume ratio was x 1.8. 30 seconds of 
drying occurred after ethanol precipitation. During elution, 40 µl nuclease-free water 
(Milli-Q) was used instead of Elution Buffer. The integrity and fragment size were 
evaluated through gel electrophoresis following Sub-Cell GT, Wide Mini-Sub Cell GT, 
and Mini-Sub Cell GT Agarose Gel Electrophoresis systems: Instruction manual (Bio-
Rad Laboratories Inc, 2024). These DNA extractions were loaded with Gel Loading Dye 
6X (NEB) into 0.7 % agarose gel casts with Gel Red (NEB) alongside a 1 kb DNA Ladder 
(NEB) and ran for two hours at 75 V before being visualised (Gel Doc EZ Imager).  

 

2.6 Library Preparation and Sequencing with MinION 

After evaluation, 22 DNA extractions met the sequencing requirements and were 
prepared with the Rapid Sequencing DNA V14 Barcoding Kit (SQK-RBK114.96, 
RBK_9176_v114_revS_27Oct2025). Nuclease-free water (Milli-Q) was used to adjust 
each sample to 200 ng input. Upon library preparation, a flow cell check (FLO-MIN114) 
was performed on the MinION Mk1D device (ONT) and identified 1540 active pores 
before sample loading. Priming and loading the flow cell was carried out according to the 
Flow Cell Wash Kit protocol (EXP-WSH004) (ONT, 2026b). Bovine Serum Albumin 
(Invitrogen) was added to the flow cell priming mix, resulting in 0.2 mg/ml. Library 
beads were used instead of Library Solution. After loading, a light shield was placed on 
the flow cell. MinKNOW (v25.09.16) was used for sequencing with high accuracy 
basecalling (HAC), q-score of 9, and adaptive sampling against the human reference 
genome (GenBank GCA_000001405.29). Sequencing ran for 18.5 hours.  

 

2.7 Statistical Analysis 

Shapiro-Wilk tests checked data assumptions for normality, to perform paired t-tests 
using R (v2025.09.1+401) (R Core Team, 2018). A Q-Q plot was generated for manual 
A260/230 values where an outlier was detected and adjusted for. As all p-values were above 
0.05, paired t-tests were performed opposed to Welch’s t-test. A significance cut-off 
value of 0.05 was chosen to test for differences in DNA concentration and purity between 
manual and semi-robotic (QiaCube) DNA extractions.  

 

2.8 Sequencing Analysis 

Re-basecalling using command line and Dorado (v7.11.2) (ONT, 2026c) was performed 
with the settings at super high accuracy (SUP) and a q-score of 15. Evaluating adaptive 
sampling and assessment of host exclusion success was performed using EPI2ME 
(v5.3.1) (ONT, n.d.) with the wf-metagenomics workflow (v2.14.2) (ONT, 2026d) using 
GRCh38.p14 human reference genome (Schneider et al., 2017). The basecalled data was 



 

  9 

then adjusted for taxonomic classification to only include barcodes used in the 
experiment. Kraken 2 (Wood et al., 2019) with the default database Standard-8 (v2.1.3) 
and AMR detection with Resfinder (Florensa et al., 2022) was used. The confidence 
threshold was set to 0.05-1 and 0-1, with the other settings at default. This was performed 
for both basecalled files, and a heatmap with relative abundance of different species 
made for DNA samples. Coverage was calculated using EPI2ME's percentage abundance 
of microbial identifications, assuming a mean microbial genome size of 5 Mb (E. coli). 

 

2.9 AI Usage  

Artificial intelligence tools were utilised in statistical and sequencing analysis, where it 
assisted in code scripts used in R for statistical tests and visualising data.  
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3 Results  

3.1 Growing bacteria and Calculating CFU/ml 

E. coli and S. epidermidis were grown in LB-media in which growth curves were 
generated, where it was observed that S. epidermidis reached the desired OD600 of 1.0 
after 3 h and E. coli at 1.5 h (Appendix 1, Figures 1-2). The CFU/ml was calculated based 
on linear regression from OD600 values of 0.4, 0.6, 0.8 and 1.0 (Appendix 1, Figure 3), in 
which E. coli obtained values of 6.2 × 108, 4.8 × 109, 3.8 × 1010 and 3.0 × 1011 respectively. 
Whereas S. epidermidis resulted in CFU/ml values of 3.4 × 107, 2.0 × 108, 1.2 × 109 and 
6.7 × 109 at the same OD600 measurements. For the DNA extractions comparing the 
manual and semi-robotic method, the DNA were therefore obtained from E. coli at 3.0 × 
1011 CFU, and from S. epidermidis at 6.7 × 109 CFU. Additionally, the CFU/ml results for 
E. coli were used to create spike-ins of 103 CFU and 10 CFU for blood extractions.  

 

3.2 Manual and Semi-Robotic DNA Extractions  

E. coli and S. epidermidis were extracted from LB-media, both manually and semi-
robotically (QiaCube). DNA of each culture of bacteria were extracted with two technical 
replicates for each method (Appendix 2, Tables 1-2). Figure 4 in Appendix 3 presents the 
paired differences for bacteria, method of extraction, DNA concentration, and purity. 
These variables were then tested for normality by Shapiro-Wilk's normality test 
(Appendix 3, Tables 3-4). Only the manual A260/230 value for DNA extracted from E. coli 
presented a p-value less than 0.05 (0.02243) for Shapiro-Wilk's normality test. However, 
through investigation, it was discovered that an outlier caused this low value (Appendix 
3, Figure 5). When adjusted for, the p-value was 0.4601, resulting in normality. 
Therefore, the value was removed and the other technical replicate value chosen when 
performing paired t-test, as opposed to including the mean of the two. The difference in 
output between the variables for the manual and semi-robotic method was statistically 
evaluated by paired t-tests (Appendix 3, Table 5), where all t-test p-values were above 
0.05, indicating that the variables between the manual and semi-robotic DNA 
extractions were not significantly different statistically (Figure 2). However, the A260/230 

variable for E. coli was very close to the cut-off value of 0.05 (0.08). Two DNA samples 
extracted from E. coli semi-robotically were later used for sequencing with the MinION 
device.  

 



 

  11 

 

Figure 2. Paired t-tests for DNA extractions manually and semi-robotically with E. coli and S. 
epidermidis. A260/230, A260/280, and concentration were compared. The dot represents the mean 
value, and the error bars represent standard deviation.  

 

In addition to DNA concentration and purity, HoT and TAT were evaluated to compare 
DNA extractions between the semi-robotic and manual workflows. The HoT and TAT 
were lower when performing semi-robotic DNA extractions with E. coli, despite no 
statistically significant differences regarding DNA concentration and purity (Figure 3). 
However, for S. epidermidis, the TAT was 10 minutes longer with the semi-robotic 
extractions compared to manual. Despite this, the HoT was lower semi-robotically, 
nonetheless.  

 

 

Figure 3. Comparing manual and semi-robotic DNA extractions with S. epidermidis and E. coli, 
regarding TAT and HoT. 
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3.3 DNA Extractions with Spiked-in Blood 

DNA extractions were performed by spiking healthy whole human blood with whole 
bacteria, bacterial DNA and microbial DNA community standard (Table 1). Initially, 
most extracted DNA had concentration and A260/280 values within the recommended 
range to continue with library preparation and sequencing, according to the Input 
DNA/RNA QC document (ONT, 2026a). However, several values obtained for A260/230 
were not sufficient to proceed, and therefore cleaning with AMPure XP beads was 
performed, which improved the outcome. 

 

Table 1. DNA extractions from healthy whole human blood with different bacterial spike-
ins.  

Sample Name  Concentration 
(Qubit – ng/µl) 

A260/280 A260/230 

1. Community* 40.6 1.96 1.46 

1. DNAour  41.3 1.99 1.43 

1. E. coli 10 CFU* 32.5 2.01 2.05 

1. E. coli 103 CFU  38.4 1.93 2.22 

1. Negative control  41.3 1.94 1.39 

2. Community  52.0 2.01 1.39 

2. DNAour  59.5 1.96 1.70 

2. E. coli 10 CFU  52.0 2.01 2.15 

2. E. coli 103 CFU  43.3 1.94 1.66 

2. Negative control* 37.7 1.97 2.12 

3. Community* 7.14 2.06 1.99 

3. DNAour  22.7 2.06 1.67 

3. E. coli 10 CFU* 9.29 1.92 1.46 

3. E. coli 103 CFU 33.9 1.95 1.72 

4. Community* 27.7 1.98 1.93 
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4. DNAour* 19.5 2.00 1.94 

4. E. coli 10 CFU* 14.6 1.91 1.66 

4. E. coli 103 CFU* 18.2 1.96 1.80 

5. Community*† 34.1 1.92 2.36 

5. DNAour* 42.6 1.90 1.91 

5. E. coli 10 CFU*† 21.2 2.06 2.33 

5. E. coli 103* 28.1 1.89 2.00 

Numbers 1-5 refer to the five blood donors. Microbial DNA community standard (Community). 
Blood without bacterial spike-in (Negative control). Spike-in amounts of E. coli (E. coli 10 CFU 
and 103 CFU). Isolated H. influenzae DNA (DNAour). Samples cleaned with AMPure XP beads 
marked with *. All samples from donors 1-5 were chosen for sequencing, except those marked 
with † 

 

Since ONT recommends high molecular weight of DNA molecules according to the Input 
DNA/RNA QC protocol (ONT, 2026a), gel electrophoresis was performed on all DNA 
obtained during extractions (Table 1), with two additional samples containing E. coli 
DNA extracted from LB-media. As presented in Figure 4, the DNA had majority of 
molecular weight above 10 kb. However, there was slight smear below the bands from 
DNA degradation.  
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Figure 4. Images of Gels A and B. Well 1 contains a 1 kb DNA ladder (500 bp-10 kb) in both gels. 
Gel A: Wells 2-6 contain DNA extracted from blood donor 1 with spike-ins: 100 ng community 
(well 2), 50 ng DNAour (well 3), E. coli 10 CFU (well 4), E. coli 103 CFU (well 5), and negative 
control (well 6). Wells 7-11 contain DNA from blood donor 2 with the same spike-in scheme and 
order as previously. Well 12 is blank. Wells 13-14 contain E. coli DNA extracted from LB-media. 
Gel B: Wells 2-5 contain DNA from blood donor 3 with the same spike-in scheme and order as in 
gel A, excluding the negative controls. The same follows for wells 7-10 with donor 4, and wells 12-
15 with donor 5. 

 

3.4 Library Preparation and Sequencing with MinION 

Library preparation was performed with 20 DNA extractions using QuickDNA Miniprep 
Plus kit  (Table 1), and two extractions of E. coli using QIAamp DNA Mini kit (Figure 4). 
The DNA were pooled together and resulted in a DNA concentration of 98.4 ng/μl. The 
number of active pores when checking the flow cell prior to sequencing was 1480. After 
9 h and 15 min, the pores stopped being active for 5 h but became active again for 3 h due 
to a bubble dislocating onto the common electrode, blocking the current.  

Adaptive sampling was performed to exclude human DNA from being sequenced, 
favouring microbial DNA reads. Data quality was assessed by read count, N50 (Table 2), 
q-score, and adaptive sampling success (Figure 5). The N50 value is a sequence length 

                A                  B 
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metric that represents the contig length at which 50 % of the total assembly length is 
contained in contigs of that length or longer. Majority of simplex bases had a q-score 
above 9, with a unimodal distribution around a q-score of 20 (Appendix 4, Figure 6).  

 

Table 2. Results after running the MinION for 2.75 hours and finishing at 18.5 hours.  

Variable Amount after 2.75 h Amount after 18.5 h 

Read count 1.02 M 2.9 M 

Basecalled bases 779.61 Mb 4.85 Gb 

Approx. N50 1 kb 4.02 kb 

 

For adaptive sampling, the amount of sequences that were unblocked was 67.7 %, and 
the amount that continued sequencing was 32.2 % (Figure 5). An EPI2ME run with 
Kraken 2 discovered an abundance of 86.4 % human DNA, 10.6 % unidentified and 3 % 
identified as microbial. This corresponds to 134.4 Mb of microbial sequencing data and 
an estimated coverage of 26 X. After 2.75 h of sequencing, microbial data resulted to 23.4 
Mb, with approximately 4.7 X coverage. However, these coverage estimates represent 
overall averages across sequenced samples and do not account for the difference in 
microbial abundance between sample types, negative controls and bacterial LB 
extractions. 

 

 

Figure 5. A bar chart of unblocked and sequencing actions performed by adaptive sampling when 
sequencing with the MinION using the MinKNOW software. The green bar represents the amount 
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that continued sequencing (32.2 %) and the red bar represents the amount that was unblocked 
(67.7 %).  

 

3.5 Taxonomic Classification with EPI2ME 

The FASTQ-files that passed were used to perform taxonomic classification in EPI2ME 
with Kraken-2, where the abundance of identified species were used to generate a 
heatmap (Figure 6). An additional basecalling was performed with SUP and a q-score of 
15 to observe the outcome compared to the initial basecall with HAC and a q-score of 9. 
In Figure 6, the settings were at default for both basecalled files in EPI2ME, except for 
host depletion with the human reference genome.  

All samples in Figure 6 except for ‘LB 1’ and ‘LB 2’ originated from blood with varying 
spike-ins and controls, extracted with the QuickDNA Miniprep Plus DNA kit. Samples 
‘LB 1’ and ‘LB 2’ were instead extracted from LB media, using the QIAamp DNA mini kit. 
Photobacterium leiognathi, Staphylococcus aureus and Streptomyces sp. NBC_01167 
were found across all barcodes from the blood extractions. However, sample ‘3 E. coli 10’ 
was an exception as it contained both P. leiognathi and Streptomyces sp. NBC_01167, 
but lacked S. aureus. The only DNA sample free from these unexpected detections was 
‘LB 2’, detecting only E. coli as expected. The ‘LB 1’ sample showed a similar unique 
pattern of identification as sample ‘4 E. coli 10’. These two DNA samples identified 11 
species that were not found in any other samples with the same spike-ins, and an 
exceptionally strong detection of E. coli. ‘1 Negative control’ detected Enterovibrio 
norvegicus and E. coli along with the other three unexpected species. 

The SUP basecall with a q-score of 15 reduced the amount of detection for P. leiognathi, 
S. aureus and Streptomyces sp. NBC_01167, while also improving the negative controls. 
Streptomyces sp. NBC_01167 and E. norvegicus  were no longer detected in ‘1 Negative 
control’, and ‘2 Negative control’ only identified P. leiognathi as an unexpected species. 
However, the expected species were slightly reduced in detection. 

For spike-ins with microbial DNA community standard, the theoretical composition 
consists of: 12 % of Listeria monocytogenes, 12 % of Pseudomonas aeruginosa, 12 % of 
Bacillus subtilis, 12 % of E. coli, 12 % of Salmonella enterica, 12 % of Lactobacillus 
fermentum, 12 % of Enterococcus faecalis, 12 % of S. aureus, 2 % of  Saccharomyces 
cerevisiae, and 2 % of Cryptococcus neoformans (Zymo Research). All bacteria 
consisting of 12 % were identified except for sample ‘1 Community’, which did not detect 
L. monocytogenes. For S. cerevisiae and C. neoformans, both fungal consisting of 2 %, 
none were identified.  

The DNAour spike-in of H. influenzae was successfully detected in all, as expected. E. 
coli spiked blood samples had E. coli detected in four out of five 103 CFU spike-ins, and 
two out of four 10 CFU spike-ins.  
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Figure 6. Heatmap charts featuring species identified in each DNA extraction from the EPI2ME 
wf-metagenomics workflow abundance table with HAC basecalling and a q-score of 9 (A) and SUP 
basecalling with a q-score of 15 (B), with the confidence interval set to 0-1. The columns represent 
a unique barcode which have been assigned to a specific sample, with the name at the bottom. 
The rows represent the taxa identified to the species level. Colour intensity indicates relative 
abundance (log₁₀-transformed read counts), with darker colours representing low or no detection 
and lighter colours indicating higher read counts. Numbers 1-5 refer to the different blood donors 
with microbial DNA community standard (Community), E. coli 10 CFU (E. coli 10), E. coli 103 
CFU (E. coli 10^3), Negative control, E. coli from LB DNA extractions (LB 1 and 2), and H. 
Influenzae (DNAour). 

 

Additional EPI2ME runs were performed using the same settings but altering the 
confidence interval from 0-1 to 0.05-1 to investigate if the large number of unexpected 
species identified was caused by low confidence alignments (Appendix 4, Figure 7). It 
was observed that 15 species were removed, resulting in only 9 being detected in total, 
compared with 26 during initial runs. For the microbial DNA community standard and 
E. coli spike-ins, almost none of the expected species were detected. However, the 
DNAour spike-ins containing H. influenzae were identified, as with the initial confidence 
interval, and one of the negative controls still identified S. aureus.  

 

                          A                            B 
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3.6 Detection of Genes Conferring Antimicrobial 
Resistance  

Apart from taxonomic classification, AMR genes were also identified where two DNA 
extractions were positive for mdf(A), including the sample with DNA extracted from 
donor 4’s blood spiked with 10 CFU E. coli and the sample with DNA from E. coli grown 
in LB to an OD600 of 1.0. The amount of reads for mdf(A) was 9 for ‘4 E. coli 10’ and 7 for 
‘LB 1’ with HAC basecalling and a q-score of 9. However, the SUP basecall with a q-score 
of 15 led to 10 and 8 reads, respectively. Notably, changing the confidence interval in the 
EPI2ME run did not have any effect on this outcome. 

 

4 Discussion  

Sepsis is a major cause of morbidity and mortality worldwide, caused by a dysregulated 
host response to infection (Gray et al., 2025; Singer et al., 2016). However, diagnosis 
remains delayed due to blood culturing, the current gold standard in clinical practice that 
requires several days for pathogen identification and antibiotic susceptibility testing (Wu 
et al., 2023). These delays directly impact patient outcomes as the mortality rate 
increases by 7.6 % each hour (Qin et al., 2023). An alternative diagnostic approach 
involves metagenomic sequencing with ONT’s MinION device, where real-time genome 
assembly, species identification, and antimicrobial resistance gene profiling is possible 
(Tai et al., 2025; Papamentzelopoulou et al., 2025). However, obtaining high quality, 
quantity and length of DNA is crucial for long-read sequencing success. Therefore, DNA 
extraction methods can be evaluated and semi-robotic workflows implemented.  

 

4.1 CFU/ml and Bacterial Growth 

Growth curves and CFU/ml calculations were prepared to enable downstream spike-ins 
at specific CFUs (Appendix 1, Figures 1-3). S. epidermidis CFU/ml at OD600 1.0 matched 
expected values (Chiera et al., 2023), but E. coli yielded CFU/ml far above the typical 1-
5 × 10⁸ (Wacogne et al., 2024), which could possibly be due to the specific E. coli strain. 
Spike-ins may have been lower than intended due to a possible overestimation of 
CFU/ml, potentially impacting species detection in taxonomic classification. 

 

4.2 Manual and Semi-Robotic DNA Extractions  

To optimise DNA extraction quality and quantity, manual and semi-robotic methods 
were compared. The results obtained were expected as other published data had similar 
outcomes to this project with no differences in DNA concentration when comparing 
manual and semi-robotic DNA extractions with the QiaCube (Phillips et al., 2011). 
However, another study suggested that purity ratios were improved with semi-robotic 
DNA extractions (Sharma et al., 2022). Comparing the results between E. coli and S. 
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epidermidis, the DNA concentration and A260/280 purity values were similar for both 
methods despite differences in gram status (Figure 2). However, the A260/230 values were 
much lower for S. epidermidis.  

Despite values for DNA concentration and purity showing no statistically significant 
difference for both extraction methods, the HoT and TAT were reduced with the semi-
robotic method for E. coli (Figure 3). However, for S. epidermidis, the TAT and results 
obtained were similar for both extraction methods. It was discovered by Phillips et al. 
(2011) that semi-robotic extractions made sampling processing faster and simpler. In 
this project, the semi-robotic method lowers the HoT for both E. coli and S. epidermidis, 
as the semi-robotic method can perform the whole experiment upon sample preparation. 
This is beneficial as it increases the efficiency of the workflow, frees up time for other 
tasks, and lowers the risk of human error. In clinical applications with sepsis patients, 
these benefits can greatly affect patient outcomes as efficiency in workflow and time for 
other tasks can reduce the delay in diagnosis. 

 

4.3 DNA Extractions with Spiked-in Blood 

To proceed with downstream applications, quantity and quality of DNA extractions were 
assessed according to the most recent recommendations from ONT with 200 ng of DNA, 
A260/280 value of ~1.8 and A260/230 value between 2.0-2.2. DNA extractions with spiked-in 
blood and the negative controls produced majority of results that suited the criteria for 
sequencing (Table 1). However, several DNA extractions were low in DNA concentration. 
It has been shown that lower DNA concentrations can provide more data but at a lower 
quality (Thornval et al., 2026), meaning that they could still be used. 

As several of the DNA extractions had A260/230 values that were below the recommended 
range of 2.0-2.2, after being purified with AMPure XP beads, the data output could have 
been affected by an order of magnitude, as shown by Schalamun et al. (2018). Despite 
this, data output was within the expected range (Table 2). 

All DNA extractions had majority of DNA above the range of 10 kb (Figure 4), indicating 
that the DNA extractions preserved the integrity of the DNA molecules well, consisting 
of high molecular weight, as recommended by ONT. However, there was slight smear 
below the bands which indicate potential DNA degradation that possibly affected 
downstream sequencing.  

 

4.4 Sequencing with MinION 

4.4.1 Quality of Data  

Sequencing was performed with the MinION device and quality of the data assessed 
(Table 2). N50 values are dependent on sequencing conditions and sample quality, 
typically ranging from 3-8 kb (Peng et al., 2025). The Oxford Nanopore Rapid Barcoding 
Kit is expected to be on the lower end of this range due to Transposase-based 
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fragmentation, thus the observed 4.02 kb is expected. The smearing observed in Figure 
4 indicated partial DNA degradation, which may have negatively impacted the N50 
values.  

Q-scores reflect the probability of incorrect basecalling, with higher scores indicating 
lower error probability (Bejaoui et al., 2025). Therefore, a q-score of 20 corresponds to 
an accuracy of 99%. As the Rapid Barcoding Kit 96 V14 can generate q-scores of 20, the 
data fell within expected range, suggesting that basecalling was successful (Appendix 4, 
Figure 6). 

 

4.4.2 Coverage and Adaptive Sampling 

Adaptive sampling enables nanopore sequencing devices to reverse the voltage across 
individual pores, preventing further sequencing of a DNA molecule if it matches a 
selected reference sequence (Weilguny et al., 2023). In this project, adaptive sampling 
with host exclusion terminated 67.7 % of reads (Figure 5), indicating successful depletion 
of human DNA. To avoid the problem of high genetic background from host tissues, 
differential lysis can be performed prior to sequencing, increasing bacterial reads and 
species detection by more than 2-fold while reducing host reads by 6.80 % (Cheng et al., 
2022). However, this could result in a delay in diagnosing a sepsis patient if applied to a 
clinical setting but is worth exploring in future studies due to the potential of an 
improved outcome. 

The coverage represents the average number of reads that cover each base. A threshold 
of 10-20 X is widely accepted for identification of genetic diversity between species, 
although a minimum of 50 X has been recommended (Bustos-Caparros et al., 2025). For 
AMR gene detection, a coverage of 30 X or higher is recommended, though detection at 
lower coverage is possible (Thornval et al., 2025). Since this project primarily focused on 
species identification, lower coverage was deemed acceptable. Both timepoints therefore 
showed adequate coverage for identifying species. 4.7 X would be too low for AMR gene 
detection, however, 26 X has potential. 

 

4.5 Taxonomic Classification  

Following sequencing with the MinION device, EPI2ME was used for taxonomic 
classification in which P. leiognathi, S. aureus and Streptomyces sp. NBC_01167 were 
found across most barcodes (Figure 6) from samples extracted with the QuickDNA 
Miniprep Plus kit.  

The ‘LB 2’ sample extracted with the QIAamp DNA mini kit detected E. coli as expected, 
and was completely free from any other unexpected species. Therefore, it is possible that 
the QuickDNA Miniprep Plus DNA kit introduced bacterial contamination as all samples 
extracted using that kit were contaminated. This is known to originate from laboratory 
reagents and sequencing kits, ultimately resulting in false estimations of microbial 
abundance (Chrisman et al., 2022). Although the LB samples did not use blood and 
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therefore the difference in species identified could stem from the blood, but this is very 
unlikely since blood from five donors were used without any difference shown between 
them in species identification. 

The three species mentioned previously were also identified in both negative controls, 
but ‘1 Negative control’ also detected E. norvegicus and E. coli. Both species have been 
shown in other studies to be present in blank controls (Olomu et al., 2020). In a study by 
Krzyżak (2025), P. leiognathi was only detected with EPI2ME while the BV-BRC TC 
taxonomic classification tool did not identify any reads from it, suggesting that it could 
be a misidentification problem originating from EPI2ME. Other studies have shown that 
adapter trimming before taxonomic classification can prevent mismatching of data and 
false positives (Didion et al., 2017; Chuan et al., 2021). Since adaptor trimming was not 
performed, several false positives may have originated from this. 

Sample ‘LB 1’ seemed to have had its barcode mixed up with ‘4 E. coli 10’ which could be 
due to pipetting error or barcode cross-talk as it has previously been described as a 
source of low-frequency read misassignment, particularly in multiplexed metagenomic 
experiments (Xu et al., 2018). Such artefacts may have contributed to unexpected species 
detections across samples and negative controls. 

In this project, HAC basecalling was followed by SUP basecalling to improve reliability 
for bacterial species and AMR gene identification, given MinION’s error rate 
(Helsmoortel et al., 2026). SUP reduced the detection of unexpected species without 
reducing expected ones to the same degree. In clinical sepsis diagnosis, SUP could 
increase TAT and delay treatment, but if run on a sufficiently powerful computer during 
sequencing, it may avoid delays at higher equipment cost. Therefore, the results obtained 
support SUP basecalling, but possible delay in treatment should be investigated further.  

Most bacterial spike-ins were detected, including species comprising 12% of the 
microbial community DNA standard. However, the species present at 2% were not 
detected. This may be because the two unidentified species were fungal, and EPI2ME has 
limitations in detecting fungal species due to a lack of fungal genome references 
(Govender & Eyre, 2022). E. coli was present in four out of five 103 CFU spike-ins but 
only two out of four for 10 CFU spike-in, with ‘4 E. coli 10’ possibly being a misassigned 
barcode. As expected, when the amount of CFU is lowered, the detection was decreased. 
However, it was still possible to detect E. coli at the concentration of 10 CFU which 
mimics the limited amount naturally found in sepsis patients (Buchanan et al., 2017). 
Therefore, despite the limitations, this project demonstrates the potential of using 
nanopore sequencing together with EPI2ME for detection and diagnosis of bacterial 
sepsis.  

 

4.6 Detection of Genes Conferring Antimicrobial 
Resistance  

Identification of AMR genes is a crucial process regarding sepsis diagnosis and 
management, as antibiotic resistance can be a challenge during the administration of 
appropriate antibiotics for sepsis patients. In this project, AMR gene identification was 
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performed upon sequencing where it was discovered that two DNA extractions 
containing E. coli had the mdf(A) gene present, a multi-drug resistance gene that has the 
ability to confer resistance to electroneutral antibiotics of clinical importance (Heng et 
al., 2015). Although these two DNA extractions had AMR genes present, the remaining 
20 samples detected no identifiable AMR genes. However, naturally occurring AMR 
genes were still expected as previously identified in other studies (Krzyżak, 2025). Low 
detection rate of AMR genes could be explained by inadequate coverage. However, 
various DNA extraction kits tend to provide different AMR gene detection results despite 
obtaining the same coverage, meaning that the DNA extraction kit used could have 
affected AMR gene detection as well (Thornval et al., 2025). 

The microbial DNA community standard does not provide an exact composition of AMR 
genes, and it is also not known for E. coli and H. Influenzae. Therefore, future studies 
should include an AMR gene control such as the ESKAPE Mock community where the 
compositions of AMR genes are known, similar to the study by Purushothaman et al. 
(2024). 

 

4.7 Ethical Considerations     

The blood samples used in this project did not require ethical approval as they were 
provided from healthy donors with informed consent. Healthy whole human blood was 
used due to sepsis patient blood having difficulties to work with which would require 
additional safety measures. Risk assessments were performed concerning the handling 
of human biological samples, as well as the kits used in the lab through the KLARA 
platform, following the guidelines at the University of Skövde. The project followed an 
ethical way of working and publishing, in which all the data and material collected during 
this study have been stored at the University of Skövde. By reducing the delay in patient 
care, the mortality rate is reduced along with other complications like PSS and the 
adverse effects on life quality and expectancy (Gorecki et al., 2025; Torres et al., 2025). 
Through saving lives and decreasing the negative effects which sepsis survivors 
experience, the sustainable development goal 3 “Ensure healthy lives and promote well-
being for all at all ages” (United Nations, n.d.) is followed. If specific pathogens and/or 
their AMR genes can be identified early and rapidly, there will be no need to administer 
non-specific broad range antibiotics to patients which are likely to have limited effects. 
Instead, specific treatments can be provided which will reduce the overuse of antibiotics 
and the increase of resistance of different pathogens to antibiotics, ultimately aiding in 
working towards a better environment.    

 

4.8 Project Limitations and Future Research  

The primary limitation of this project is its small-scale design, which can restrict the 
applicability of the findings. Since only a single Nanopore sequencing run was 
performed, with disruption of five hours due to bubble formation, future studies should 
include more sequencing runs validating the results. Negative controls incorporated 
blood from only two donors instead of all five, limiting the ability to distinguish 
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contaminants and potential blood commensals. Although the use of blood from healthy 
donors spiked with bacteria is a practical replicate, it may not fully reflect the complexity 
of septic patient blood, since variability in immune response can affect bacterial count 
and signal (Miguélez et al., 2025). Future studies could implement infectious blood from 
sepsis patients to mimic clinical applicability. Semi-robotic extractions of DNA from 
whole blood could be explored, rather than from LB-media, whilst assessing DNA 
quality, quantity, and TAT, similar to the approach in a study by Sharma et al. (2022). 
Investigating in-sample host DNA depletion methods is necessary, whilst evaluating 
experimental outcomes and possible diagnostic delays. Additional implementation of 
adapter trimming after basecalling can ensure the reliability of the results, as shown by 
Nabakooza et al. (2024). This project was also limited to using EPI2ME, thus future 
research could explore the use of other taxonomic classification tools and the use of an 
AMR gene control with known composition. Collectively, these improvements would 
further strengthen the reliability of metagenomic sequencing for sepsis diagnosis and 
future implementation in routine clinical practices.  

 

4.9 Conclusion 

This project compared CFU/ml to OD600 for E. coli and S. epidermidis where S. 
epidermidis matched expected values, while E. coli was notably higher. Manual and 
semi-robotic DNA extraction showed no statistically significant difference in DNA 
concentration or purity, but semi-robotic methods greatly reduced HoT, and TAT for E. 
coli. Spike-ins with whole blood yielded sufficient DNA concentration and A260/280, while 
A260/230 improved with AMPure XP bead purification. MinION adaptive sampling 
effectively depleted host DNA. EPI2ME detected unexpected bacterial species even in 
negative controls but also identified expected species. This included E. coli from just 10 
CFU, suggesting feasibility for detecting low bacterial loads typical in sepsis. AMR gene 
mdf(A) was detected in two E. coli-spiked samples via ResFinder. Overall, findings 
support nanopore sequencing's potential for earlier sepsis diagnosis and highlight the 
need for further research. 
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7 Appendix  

Appendix 1 Growth Curves and CFU/ml Calculations  

 

Figure 1. Growth curve of E. coli. OD600 was measured at regular intervals during growth in LB 
media at 37 °C with shaking at 160 rpm. The growth curve was used to estimate sampling times 
corresponding to target OD₆₀₀ values for CFU/ml determination. 

 

 

Figure 2. Growth curve of S. epidermidis. OD600 was measured at regular intervals during growth 
in LB media at 37 °C with shaking at 160 rpm. The growth curve was used to estimate sampling 
times corresponding to target OD₆₀₀ values for CFU/ml determination. 
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Figure 3. Relationship between OD600 and CFU/ml for S. epidermidis and E. coli. CFU/ml values 
were determined from serial dilution plating at OD600 values of approximately 0.4, 0.6, 0.8, and 
1.0. Dotted lines indicate exponential trendlines fitted to the data. Colony counts between 30 and 
500 CFU per plate were used for CFU/ml calculations. R2 for E. coli was 0.4124 and 0.5439 for S. 
epidermidis.  

 

 

 

  



 

  34 

Appendix 2 Raw Data for Manual and Semi-Robotic DNA 
Extractions: Concentration and Purity  

Table 1. Qubit and Nanodrop results from manual and semi-robotic (QiaCube) DNA 
extractions using the QIAamp DNA Minikit (QIAGEN), with cultures of E. coli having an 
OD600 of 1.0.  

Sample Name  Concentration 
(Qubit - ng/μl) 

Concentration 
(Nanodrop - 
ng/μl) 

A260/280 A260/230 

M 1.1 11.1  23.5 2.09 1.72 

M 1.2 7.94 16.9 2.14 1.71 

M 2.1 8.11 30.5 2.08 0.79 

M 2.2 11.7 27.3 2.17 1.54 

M 3.1 10.6 26.7 2.17 1.89 

M 3.2  10.1 26.0 2.22 1.86 

M 4.1 8.62 21.5 2.23 1.81 

M 4.2 3.29 11.1 2.22 1.44 

R 1.1 9.08 19.0 2.25 1.78 

R 1.2 8.20 26.0 2.19 1.81 

R 2.1 7.59 27.0 2.21 1.91 

R 2.2 9.87 30.0 2.10 1.86 

R 3.1 7.24 38.8 2.16 2.03 

R 3.2 8.50 24.1 2.24 1.81 

R 4.1 6.60 23.2 2.26 1.90 

R 4.2 5.19 27.0 2.24 1.89 

Manual (M). Semi-robotic (R). Numbers 1-4 represent four cultures of E. coli, with two pellets 
(X.1 and X.2) each used in the extractions.  

 

Table 2. Qubit and Nanodrop results from manual and semi-robotic (QiaCube) DNA 
extractions using the QIAamp DNA Minikit (QIAGEN), with S. epidermidis at an OD600 
of 1.0. 



 

  35 

Sample Name Concentration 
(Qubit - ng/μl) 

Concentration 
(Nanodrop - 
ng/μl) 

A260/280 A260/230 

M 1.1 2.87 10.7 2.28 0.83 

M 1.2 11.7 9.4 2.34 0.84 

M 2.1 1.92 6.1 1.63 1.00 

M 2.2 8.72 8.5 2.28 0.91 

M 3.1 4.53 12.9 2.06 0.82 

M 3.2  14.6 7.6 2.20 0.79 

M 4.1 3.18 4.8 2.74 0.54 

M 4.2 6.21 5.7 1.98 0.29 

R 1.1 6.39 5.6 3.16 0.59 

R 1.2 6.82 14.4 2.26 0.96 

R 2.1 5.70 7.1 2.47 0.70 

R 2.2 7.10 11.6 2.19 0.77 

R 3.1 14.1 11.2 1.44 0.57 

R 3.2 11.8 12.6 2.02 0.91 

R 4.1 4.81 8.5 0.66 0.53 

R 4.2 3.14 7.7 2.57 0.53 

Manual (M). Semi-robotic (R). Numbers 1-4 represent four cultures of S. epidermidis, with two 
pellets (x.1 and x.2) each used in the DNA extractions.  
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Appendix 3 Statistical Analysis for Manual and Semi-
Robotic DNA Extractions  

 

Figure 4. Paired dot plots featuring manual and semi-robotic DNA extraction values for E. coli 
and S. epidermidis. Comparing concentration, A260/280, and A260/230. The mean of two technical 
replicates represents one dot. The line between a manual and semi-robotic dot indicates that DNA 
extraction results are from the same culture but different methods of extraction. 

       S. epidermidis               E. coli 
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Figure 5. A Q-Q plot featuring normality in the manual DNA extraction A260/230 variable for E. 
coli. An outlier was observed and marked yellow. P-value from Shapiro-Wilk's normality test was 
0.02243.  

 

Table 3.  Shapiro-Wilk normality test for E. coli. 

Parameter W-statistic  p-value  

M - Concentration  0.87153 0.1560 

M - A260/280 0.89425 0.2562 

M - A260/230 0.91879 0.4601 

R - Concentration 0.98717 0.9895 

R - A260/280 0.8862 0.2156 

R - A260/230 0.9167 0.4037 

Manual (M). Semi-robotic (R).  

 

Table 4.  Shapiro-Wilk normality test for S. epidermidis 

Parameter W-statistic  p-value  

M - Concentration  0.90843 0.3431 
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M - A260/280 0.9589 0.7995 

M - A260/230 0.84736 0.08957 

R - Concentration 0.88905 0.2293 

R - A260/280 0.94615 0.6724 

R - A260/230 0.87476 0.1677 

Manual (M). Semi-robotic (R). 

 

Table 5. Statistical tests for DNA extractions manually and semi-robotically with E. coli 
and S. epidermidis. 

Bacteria Variable Manual 
mean 
and SD 

Semi-
robotic 
mean 
and SD 

Mean 
difference 

Paired 
t-test 
p-
value 

E. coli 

  

Concentration 
(ng/μl) 

8.93 ± 
2.68 

7.78 ± 1.47 1.15 0.11 

E. coli A260/280 2.17 ± 
0.06 

2.21 ± 0.05 -0.04 0.16 

  

E. coli A260/230 1.71 ± 0.17 1.87 ± 0.08 -0.16 0.08 

S. 
epidermidis 

Concentration 
(ng/μl) 

6.72 ± 
4.57 

7.48 ± 3.65 -0.77 0.49 

S. 
epidermidis 

A260/280 2.19 ± 
0.32 

2.10 ± 0.76 0.09 0.77 

S. 
epidermidis 

A260/230 0.75 ± 
0.23 

0.70 ± 0.17 0.06 0.46 
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Appendix 4 Sequencing Analysis: Q-Score Histogram, 
Species Abundance Heatmap  

 

 

Figure 6.  A q-score histogram with a unimodal, skewed distribution toward the lower end. Most 
values were within the 15-25 range for q-score. The 0-9 range is marked red due to the minimum 
q-score setting of 9. 
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Figure 7. Heatmap charts featuring species identified in each DNA extraction from the EPI2ME 
wf-metagenomics workflow abundance table with HAC basecalling and a q-score of 9 (A) and SUP 
basecalling with a q-score of 15 (B), with the confidence interval set to 0.05-1. The columns 
represent a unique barcode which have been assigned to a specific sample, with the name at the 
bottom. The rows represent the taxa identified to the species level. Colour intensity indicates 
relative abundance (log₁₀-transformed read counts), with darker colours representing low or no 
detection and lighter colours indicating higher read counts. Numbers 1-5 refer to the different 
blood donors with microbial DNA community standard (Community), E. coli 10 CFU (E. coli 10), 
E. coli 103 CFU (E. coli 10^3), Negative control, E. coli from LB DNA extractions (LB 1 and 2), and 
H. Influenzae (DNAour). 
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