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 Abstract 

Sepsis requires rapid identification of the infectious microorganism so that targeted 

antimicrobial treatment can be started as early as possible. Conventional blood culture 

remains important, but it may require one or more days before preliminary identification is 

available. This study evaluated manual and semi-automated QIAcube DNA extraction 

workflows for recovering microbial DNA from Luria Broth-grown bacterial cultures and 

from human blood samples spiked with Escherichia coli. The extracted DNA was assessed 

using NanoDrop and Qubit measurements, and selected samples were cleaned with AMPure 

beads before Oxford Nanopore MinION library preparation and sequencing. Extraction 

performance was evaluated using DNA concentration, A260/A280 and A260/A230 purity 

ratios, hands-on time, turnaround time, sequencing output, and Kraken 2 taxonomic 

classification in EPI2ME. Manual extraction produced higher DNA concentrations for 

several Escherichia coli culture samples than the semi-automated QIAcube workflow, but 

the results were more variable between replicates. The QIAcube workflow reduced hands-

on time and produced more standardized handling, although total turnaround time was 

longer because of instrument processing. Blood-derived samples were more challenging 

because bacterial DNA was present at low abundance together with host-derived human 

DNA. Nanopore sequencing generated sufficient read yield and quality for taxonomic 

analysis, and expected bacterial taxa, including Escherichia coli and Staphylococcus 

epidermidis, were detected in culture-derived and selected blood-derived samples. 

Classification at a Kraken confidence threshold of 0 improved species-level detection 

compared with 0.1, although unclassified and Homo sapiens reads remained. Overall, the 

study supports the potential of nanopore sequencing for rapid microbial identification 

while showing that host-DNA depletion, extraction efficiency, and low-biomass sample 

handling require further optimization before clinical implementation. 

 

 

 

 

 

 

 

 

 



 

Popular Scientific Summary 

Sepsis is a life-threatening condition that develops when the body's immune system 

overreacts to an infection, causing damage to its own tissues and organs. Early identification 

of the microorganism responsible for the infection is essential because the correct antibiotic 

treatment should be started as quickly as possible. However, the current standard method, 

blood culture testing, is slow because microorganisms must first grow before they can be 

identified. This process can take one to three days, during which a patient's condition may 

rapidly deteriorate. As a result, doctors often begin treatment with broad-spectrum 

antibiotics before the exact cause of the infection is known, which may contribute to 

antibiotic resistance and less targeted treatment. 

This project investigated whether Oxford Nanopore MinION sequencing could provide a 

faster alternative for identifying microorganisms associated with sepsis. Before sequencing 

can be performed, microbial DNA must first be extracted from the sample in sufficient 

quantity and quality. Therefore, manual and semi-automated DNA extraction workflows 

were evaluated using bacterial cultures grown in Luria Broth (LB) and bacteria-spiked 

human blood samples. The extraction methods were compared by measuring DNA 

concentration, purity, hands-on time, turnaround time and their suitability for downstream 

nanopore sequencing. 

The study showed that both extraction workflows produced DNA suitable for nanopore 

sequencing, although their performance differed depending on the sample type. The semi-

automated workflow reduced operator hands-on time and generally provided more 

consistent DNA quality, while the manual workflow showed greater variability between 

samples. Nanopore sequencing successfully identified the expected bacterial species, 

including Escherichia coli and Staphylococcus epidermidis, demonstrating that microbial 

DNA could be detected after extraction. The results also showed that using a lower 

taxonomic classification confidence threshold improved species identification. However, 

sequencing blood-derived samples remained challenging because large amounts of human 

DNA and a substantial proportion of unclassified reads reduced the amount of microbial 

DNA available for analysis. 

Overall, this project demonstrates the potential of nanopore sequencing as a rapid method 

for microbial identification in sepsis. Although further optimisation of DNA extraction 

workflows, host DNA depletion strategies and processing of low-biomass blood samples is 

still required before routine clinical implementation, the findings contribute to the 

development of faster diagnostic methods that may support earlier targeted treatment and 

improve outcomes for patients with sepsis. 

 

 

 

 



 

List of abbreviations  

BR Broad Range 

CFU Colony-forming units 

dPCR Digital polymerase chain reaction 

EPI2ME Oxford Nanopore bioinformatics analysis platform 
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LB Luria Broth 

mNGS Metagenomic next-generation sequencing 

N50 Statistical measure of sequencing read length 

NCBI National Center for Biotechnology Information 
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SPSS Statistical Package for the Social Sciences 
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1 Introduction  

Sepsis is a life-threatening and severe medical condition that occurs when a dysregulated 

host response to infection causes life-threatening organ dysfunction (Singer et al., 2016). 

Sepsis can affect people of all ages, but older adults, neonates, and pregnant women are 

more likely to develop the condition. Common pathogens include Staphylococcus aureus, 

Escherichia coli, and Candida species, which influence treatment strategies (Rudd et al., 

2020). Sepsis also poses a heavy burden on healthcare systems because it often requires 

prolonged intensive care stays, carries a high risk of mortality, and results in higher 

treatment costs compared with many other infectious diseases (Gatica et al., 2023). In many 

cases, patients require continuous monitoring, organ support, and rapid medical 

intervention to prevent further deterioration. The condition may progress within hours to 

septic shock, which is characterized by severe circulatory failure and a significantly 

increased risk of mortality. In addition to its clinical impact, sepsis can cause long-term 

physical and psychological complications among survivors. Early recognition and timely 

treatment are therefore essential to improve recovery and reduce complications (Rudd et 

al., 2020). 

Sepsis is a major global health problem, with millions of cases reported worldwide each 

year, and the mortality rate remains high despite advances in intensive care medicine. 

Immediate identification of the causative microorganism is essential to start the 

appropriate antimicrobial treatment, which has a great impact on improving patient 

outcomes (Rudd et al., 2020). Nevertheless, current diagnostic methods for sepsis still rely 

heavily on blood culture, which is considered slow in relation to the rapid progression of 

sepsis, as patients may deteriorate within hours after the onset of infection. Blood cultures 

often require 24–72 hours to provide preliminary results, and additional antimicrobial 

susceptibility testing is then performed to determine effective antibiotic treatment. 

Furthermore, blood culture diagnostics may show limited sensitivity and specificity, 

particularly in patients who have already received antibiotic treatment or have low levels 

of circulating pathogens.These tests can also be ineffective if patients have already 

undergone antibiotic therapy and frequently lack sufficient sensitivity (Opota et al., 2015). 

These limitations frequently result in delayed or empirical treatment using broad-spectrum 

antibiotics, which can increase antimicrobial resistance and worsen patient outcomes. 

Therefore, it is critically important to develop improved diagnostic methods that can 

directly identify pathogens from blood samples in clinical settings (Antimicrobial 

Resistance Collaborators, 2022). 

In addition to pathogen detection, biomarkers play an important role in the diagnosis and 

management of sepsis. Biomarkers are measurable biological indicators present in blood 

that reflect physiological or pathological processes during sepsis, such as infection and 

inflammation, with biomarkers like C-reactive protein and procalcitonin increasing in 

response to infection or severe inflammatory states. By measuring these biomarkers, 

clinicians can assess the severity and progression of the infection over time. However, 

biomarkers alone cannot identify the specific causative pathogen or determine appropriate 

antimicrobial treatment, limiting their usefulness as standalone diagnostic tools for sepsis. 

Correctly identifying and quantifying biomarkers may assist in choosing earlier and more 
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effective treatments and allows for better adjustments of antibiotic treatments (Hassan et 

al., 2022). 

Over the past decades, molecular diagnostic techniques have come up as possible 

alternatives to the conventional blood culture methods in detecting the presence of 

pathogens in sepsis. These techniques can directly detect microbial nucleic acids, and are 

more beneficial compared to other methods, including improved turnaround times, 

sensitivity, and the possibility of detecting non-culturable or slow-growing microorganisms 

(Dark et al., 2009). The molecular technologies can make significant contributions to early 

diagnosis and clinical decision-making when used in the treatment of sepsis. Among these 

molecular approaches, polymerase chain reaction (PCR) is used to amplify and detect 

microbial DNA from clinical samples, enabling rapid identification of pathogens (Warhurst 

et al., 2015). In addition to PCR, other molecular methods such as multiplex PCR panels have 

been developed to simultaneously detect multiple pathogens (Li et al., 2023). Nevertheless, 

the success of molecular diagnostics depends on the ability to extract microbial DNA of 

sufficient quality and quantity from clinical samples. In addition, many molecular methods 

rely on primers that target specific microorganisms, meaning that only pathogens included 

in the assay can be detected. High-quality microbial DNA is required for amplification, 

detection, and subsequent analysis, as inefficient DNA extraction can result in low 

sensitivity, false-negative results, or unreliable diagnostic outcomes (Lam et al., 2019). 

According to Kawai et al. (2024), molecular diagnostic testing of whole blood from sepsis 
patients is particularly challenging because human DNA is present in much higher amounts 
than bacterial DNA. Moreover, another difficulty in extracting DNA from blood samples is 
the extremely low number of bacteria present in the bloodstream. In some cases, an entire 
milliliter of blood may contain only a single bacterial cell, which results in an extremely low 
amount of bacterial DNA available for detection (Reinicke et al., 2024). In addition, the 
presence of substances such as haemoglobin, immunoglobulins, and anticoagulants in blood 
can inhibit PCR, further complicating the molecular detection of pathogens (Sidstedt et al. 
2018). 

Different sample types may influence the efficiency of microbial DNA recovery due to 
variations in cell content and inhibitory substances. To overcome the challenges posed by 
low bacterial numbers and the presence of inhibitory substances in blood, several strategies 
have been developed. These include removing host DNA to enrich bacterial DNA and using 
special enzymes, such as polymerases, that can function even in the presence of compounds 
that normally interfere with the test. Such improvements help increase the sensitivity of 
molecular diagnostics, allowing for more reliable detection of pathogens even in samples 
with very low bacterial counts, which is crucial for timely and accurate sepsis management 
(Trung et al., 2016). 

Recently, two advanced methods, metagenomic next-generation sequencing (mNGS) and 

digital PCR (dPCR), have been developed for highly sensitive pathogen detection. mNGS 

identifies all microbial and human genetic material in a sample, including bacteria, viruses, 

fungi, and parasites, while dPCR precisely quantifies even very low amounts of DNA (Hu et 

al., 2021). In addition to these methods, the MinION device developed by Oxford Nanopore 

Technologies is a small, portable, and cost-effective sequencing platform that can be used 

for mNGS-based pathogen detection. It works by passing DNA or RNA molecules through 

tiny protein pores, detecting the changes in electrical current caused by each nucleotide. 
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This allows the MinION to produce long DNA or RNA reads in real time, enabling fast and 

detailed analysis of genetic material. Its portability and flexibility make it suitable for a 

variety of settings, including laboratory work with limited equipment and space. 

Furthermore, the MinION’s ability to provide sequencing results within hours directly from 

clinical samples has the potential to significantly shorten diagnostic times compared to 

conventional culture-based methods, making it a promising tool for early detection of sepsis 

pathogens (Jain et al., 2016). 

Automated extraction platforms such as the QIAcube have been developed to standardize 

and simplify nucleic acid extraction workflows while reducing manual handling and the risk 

of contamination. These systems are widely used in clinical and research laboratories to 

improve reproducibility and consistency in downstream molecular analyses (Sharma et al., 

2022). 

Optimizing DNA extraction is a crucial first step in developing reliable molecular diagnostic 

tools for sepsis (Olson & Morrow, 2012). Studies comparing commercial DNA extraction 

methods have shown that not all kits perform equally, with some yielding higher quality 

and quantity of DNA than others when applied to complex biological samples like whole 

blood. Therefore, it is important to assess how these kits perform with different sample 

types, such as whole blood and plasma, since variations in sample composition can influence 

both DNA yield and purity. Poor yield or contamination with human DNA and inhibitory 

substances can reduce the sensitivity and reliability of downstream molecular testing, 

emphasizing the need to carefully select and validate kits for clinical use (Na et al., 2025). 

1.2 Aims 

The aim of this project was to evaluate whether manual and semi-automated DNA 

extraction workflows can recover microbial DNA of sufficient concentration and purity from 

bacterial culture material and bacteria-spiked human blood for downstream Oxford 

Nanopore MinION sequencing. The project also aimed to assess how extraction workflow, 

sample type, and DNA quality influenced sequencing performance and bioinformatics based 

microbial species identification relevant to future sepsis diagnostics. 

1.3 Objectives  

•  To prepare bacterial culture material and human blood samples spiked with 

Escherichia coli as model samples for microbial DNA extraction.  

•  To compare manual and QIAcube-based DNA extraction workflows by evaluating 

DNA concentration, A260/A280 purity, A260/A230 purity, hands-on time, and 

turnaround time.  

•  To assess whether selected DNA extracts from culture-derived and blood-derived 

samples were suitable for AMPure cleanup, rapid barcoding, and MinION nanopore 

sequencing.  

•  To analyse nanopore sequencing data in EPI2ME using Kraken 2 and compare 

microbial species identification at different confidence thresholds. 
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2 Materials and methods  

The experimental workflow is summarized in Figure 1 that shows the complete workflow 

from sample preparation to bioinformatics analysis. 

 

Figure 1. Schematic overview of the experimental workflow used in this study. Escherichia coli and 

Staphylococcus epidermidis cultures were prepared and used to compare manual and QIAcube-based 

DNA extraction workflows. In parallel, whole blood from healthy donors was used for blood-based 

experiments, including Escherichia coli-spiked blood samples and defined microbial reference 

standards. Extracted DNA was assessed by Qubit and NanoDrop measurements, cleaned with 

AMPure beads when required, prepared with the Rapid Barcoding Kit V14, sequenced on a MinION 

FLO-MIN114 R10.4.1 flow cell, and analysed with EPI2ME and Kraken 2.  

2.1 Preparation of Bacterial Cultures and Colony Counting 

Escherichia coli ATCC 25922 and Staphylococcus epidermidis CCUG 21989 were grown in LB 

broth. For each strain, one well-isolated colony was inoculated into 5 mL LB medium in a 

15 mL tube with the cap loosely secured and incubated overnight at 37 °C with shaking at 

250 rpm using an ES-20 Orbital Shaker-Incubator (Linc-Biosan). 

To determine CFU/mL and monitor bacterial growth, 1 mL overnight culture was 

transferred to 24 mL pre-warmed LB broth in a 100 mL Erlenmeyer flask and incubated at 

37 °C with shaking at 180 rpm. At selected time points, samples were serially diluted from 

10^-1 to 10^-9 and plated on LB agar. After incubation, plates with countable colonies were 

used for calculation. CFU/mL was calculated as: number of colonies × dilution factor / plated 

volume (mL). 

2.2 Manual DNA extraction for E. coli and S.epidermidis 

Genomic DNA was extracted from E. coli(n=12) and S. epidermidis (n=12) using the QIAamp 

DNA Mini Kit (Qiagen). The workflow was identical for both bacterial species, except for an 

additional lysozyme treatment step included for S. epidermidis to ensure efficient lysis of 

the Gram-positive cell wall, as outlined in Appendix C of the QIAamp DNA Mini Kit protocol 

for Gram-positive bacteria. Nuclease-free water (Milli-Q ultrapure) was used for DNA 

elution. All volumes indicated refer to a single sample. The bacterial pellet from S. epidermis  
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was resuspended in 180 µL,20 mg/mL lysozyme (Thermo Fisher Scientific) prepared in 20 

mM Tris-HCl (pH 8.0), 2 mM EDTA, and 1.2% Triton X-100. Samples were incubated at 37 

°C for 30 minutes in a non-shaking incubator (Orbital Shaker Linc-Biosan) (180 rpm). For 

elution, the column was placed into a clean 1.5 mL microcentrifuge tube. 50 µL of nuclease-

free water (Milli-Q ultrapure) was added directly to the membrane and incubated for 1 

minute at room temperature, followed by centrifugation (Eppendorf MiniSpin® Plus) at 

6000 × g for 1 minute to collect the first eluate (E1). The column was then transferred to a 

new 1.5 mL tube, and the elution step was repeated twice more using 50 µL nuclease-free 

water (Milli-Q ultrapure) each time, yielding eluates E2 and E3. 

2.3 Semi-robotic DNA extraction for E. coli and S.epidermidis 

For genomic DNA extraction using the QIAcube (Qiagen) system, overnight cultures of E. 

coli and S. epidermidis were prepared in LB medium and incubated at 37 °C with shaking 

(180 rpm). The optical density at 600 nm (OD₆₀₀) of each overnight culture was measured, 

and 1 mL of culture adjusted to the selected OD₆₀₀ value (0.8) with a DEN-600 Photometer 

(BioSan), was transferred into a 2 mL QIAcube microcentrifuge tube. Samples were 

centrifuged (Eppendorf MiniSpin® Plus) at 5000 × g (7500 rpm) to pellet the bacterial cells, 

after which the supernatant was carefully removed and discarded. For S. epidermidis 

(n=12), two additional preparatory steps were included due to its Gram-positive cell wall 

structure: the pellet was resuspended in 180 µL enzyme solution containing lysozyme 

(Thermo Scientific ™, 20mg/mL), mixed thoroughly to ensure complete resuspension, and 

incubated at 37 °C conditions for 30 min to allow enzymatic lysis before proceeding with 

the standard QIAcube extraction protocol. E.  coli (n=12) samples were processed directly 

after pellet formation according to the manufacturer’s instructions. 

2.4 Spike in and DNA extraction 

Whole blood samples were obtained from two healthy donors through Unilabs, the clinical 

laboratory at Skaraborg Hospital. Blood was collected into 1 mL EDTA tubes (Greiner Bio-

One), stored at −80 °C, thawed on ice on the day of extraction, and mixed by inverting the 

tubes 3–5 times before processing. 

A total of 22 DNA extractions were performed using the QIAamp UCP Pathogen Kit (Qiagen) 

following the Pretreatment of Pathogen DNA from 400 µL Whole Blood protocol 

(mechanical pre-lysis) with Pathogen Lysis Tubes (Qiagen). DNA was eluted in 50 µL of 

nuclease-free water (Milli-Q ultrapure) instead of the supplied elution buffer. To maximise 

DNA recovery, the same 50 µL eluate was reapplied to the column membrane for a second 

elution. 

For blood spike-in preparation, E. coli cultures were grown to an OD₆₀₀ of 0.8. A 1:1000 

dilution was prepared by transferring 10 µL of bacterial culture into 990 µL diluent, 

followed by transferring 100 µL of this dilution into 900 µL diluent, producing an estimated 

bacterial concentration of approximately 8 × 10⁵ CFU/mL. 

For the blood spike-in experiment, 10 whole-blood samples (n = 10) were spiked with 

approximately 1 × 10⁴ CFU of E. coli per sample. For each sample, 12.5 µL of the diluted 
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bacterial suspension was added to 400 µL of whole blood before DNA extraction. Two 

unspiked whole-blood samples served as negative controls (n = 2). 

Workflow consistency was evaluated using the ZymoBIOMICS Microbial Community 

Standard and the DNAour standard, which served as microbial DNA reference controls 

rather than extraction kits. Five DNA extractions (n = 5) were performed for each reference 

standard. The theoretical microbial composition of the ZymoBIOMICS standard is presented 

in Table A1 in Appendix. DNA input was standardised to 100 ng for the ZymoBIOMICS 

standard and 50 ng for the DNAour standard. The DNAour standard, prepared from DNA 

isolated from Moraxella strain 1141, had a stock DNA concentration of 24.6 ng/µL. Both 

standards were diluted with nuclease-free water to achieve the required DNA input before 

extraction. 

 

2.5 DNA library preparation and Nanopore sequencing 

From all DNA extractions performed, seven samples (n = 7) were selected for downstream 

MinION sequencing and purified using the AMPure XP Beads protocol (Beckman Coulter, 

n.d.). A 45 µL DNA input and a 1.8× bead-to-sample ratio were used. Following ethanol 

washing, the beads were air-dried for 30 seconds before DNA was eluted in 40 µL of 

nuclease-free water (Milli-Q ultrapure) instead of Elution Buffer. DNA concentration and 

purity were subsequently re-evaluated using Qubit and NanoDrop prior to library 

preparation. The purified DNA was diluted with nuclease-free water to obtain the required 

200 ng DNA input, transferred into 0.2 mL PCR tubes, and prepared according to the Oxford 

Nanopore Technologies Rapid Barcoding Kit V14 workflow (SQK-RBK114.96) and the 

Rapid Sequencing DNA V14 – Barcoding protocol. 

For each library preparation, 200 ng of DNA from each sample was used, and the barcoded 

DNA library was eluted in 15 µL of nuclease-free water (Milli-Q ultrapure). Library 

concentration was measured using a Qubit fluorometer (Fisher Scientific) with the Qubit 

dsDNA High Sensitivity (HS) Assay Kit (Invitrogen), while library quality was assessed using 

a NanoDrop spectrophotometer (DeNovix DS-11). 

Prior to sequencing, the FLO-MIN114 R10.4.1 flow cell (ID: FBF67652) installed on a 

MinION Mk1D device (Oxford Nanopore Technologies) was inspected in MinKNOW. Flow 

cell priming and library loading followed the Rapid Sequencing DNA V14 – Barcoding 

protocol. Sequencing was configured as a genomic DNA (gDNA) run with multiplexing and 

live high-accuracy basecalling using a minimum Q-score threshold of 9. Adaptive sampling 

was enabled in depletion mode with the human reference genome GRCh38.p14 (NCBI) to 

reduce host-derived reads, while all remaining settings were left at their default values. 

Sequencing data generated in MinKNOW (version 24.11.10) were exported as FASTQ files 

and analysed using the EPI2ME Desktop Agent (version 5.1.10), with Kraken2 (version 

2.1.3) used for taxonomic classification. 
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2.6 Bioinformatics and Statistical analysis  

Basecalled FASTQ files generated in MinKNOW version 24.11.10 were analysed using the 

EPI2ME Desktop Agent version 5.1.10. Kraken 2 version 2.1.3 was used within EPI2ME for 

taxonomic classification of sequencing reads (Wood et al., 2019). Classification was 

performed at confidence thresholds 0 and 0.1 to evaluate how confidence filtering 

influenced species-level detection. Statistical analyses were performed in IBM SPSS 

Statistics version 29.0.2.0. Shapiro-Wilk tests were used to assess normality. A p value < 

0.05 was considered statistically significant.  Because several variables were not normally 

distributed, non-parametric tests were used. Mann-Whitney U tests compared independent 

manual and QIAcube extraction groups. Wilcoxon signed-rank tests were used to compare 

paired NanoDrop and Qubit DNA concentration measurements within the E. coli and S. 

epidermidis culture samples. 

2.7 Use of AI tools declaration  

AI-based tools were used to support selected aspects of the thesis writing and analysis 

process. Grammarly was used for grammar, spelling, sentence structure, and readability 

support. ChatGPT (OpenAI) was used for workflow clarification, bioinformatics 

troubleshooting, statistical-analysis guidance, and academic language improvement. AI 

tools were not used to generate experimental data or replace interpretation of laboratory 

results. 

3 Results 

3.1 DNA extraction yield and purity  

Shapiro–Wilk normality testing was performed to assess the distribution of DNA 

concentration, A260/A280 ratios, and A260/A230 ratios, with E. coli and S. epidermidis 

culture samples pooled within each extraction workflow (n = 24 per workflow). For the 

semi-automated QIAcube workflow, DNA concentration was non-normally distributed (p = 

0.003), whereas A260/A280 (p = 0.065) and A260/A230 (p = 0.654) were approximately 

normally distributed. For the manual workflow, DNA concentration was approximately 

normally distributed (p = 0.121), whereas A260/A280 and A260/A230 were non-normally 

distributed (both p < 0.001) shown in Table A2 in Appendix. As the assumption of normality 

was not consistently met across the analysed variables, non-parametric statistical analyses 

were used for subsequent comparisons between the manual and semi-automated 

extraction workflows. 

A Mann–Whitney U test was performed to compare Qubit-measured DNA concentration and 

NanoDrop-measured A260/A280 and A260/A230 purity ratios between manually 

extracted and semi-automated QIAcube-extracted E. coli and S. epidermidis culture samples. 

The raw Qubit DNA concentration measurements are presented in Table A3 in Appendix.  

Statistically significant differences were observed between the two extraction workflows 

for Qubit-measured DNA concentration (U = 3.000, p < 0.001), A260/A280 purity ratio (U = 

0.000, p < 0.001), and A260/A230 purity ratio (U = 15.000, p < 0.001). The manually 
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extracted bacterial culture samples showed higher mean rank values for DNA concentration 

(22.38) and A260/A280 purity ratio (22.50) than the corresponding QIAcube-extracted 

bacterial culture samples. 

Figure 2 presents boxplot comparisons of DNA concentration measurements obtained using 

NanoDrop and Qubit following manual and semi-automated QIAcube DNA extraction of E. 

coli and S. epidermidis culture samples. For the E. coli culture samples, manual DNA 

extraction produced higher median DNA concentration values than the semi-automated 

QIAcube workflow using both NanoDrop and Qubit measurements. Greater variability in 

DNA concentration was also observed among the manually extracted E. coli culture samples, 

whereas the QIAcube-extracted samples showed more compact concentration 

distributions, as presented in Appendix , Table A3. For the S. epidermidis culture samples, 

differences between the manual and QIAcube extraction workflows were less consistent, 

with variability observed across both NanoDrop and Qubit measurements, as shown in 

Appendix , Table A3. Several outlier values were identified in both bacterial culture groups, 

reflecting variability between individual DNA extractions. These observations were 

consistent with the Wilcoxon signed-rank test results, which demonstrated statistically 

significant differences between NanoDrop and Qubit DNA concentration measurements for 

both E. coli (p < 0.001) and S. epidermidis (p = 0.037) culture samples. 

 

A)                                                                            B) 

 

 

 

Figure 2. Comparison of DNA concentration measurements obtained using NanoDrop and Qubit 

following manual and QIAcube DNA extraction of E. coli (A) and S. epidermidis (B). Boxes represent 

the interquartile range (IQR), the horizontal line within each box indicates the median, and whiskers 

extend to the minimum and maximum values excluding outliers. Circles represent outlier values 

(>1.5 × IQR). Differences between NanoDrop and Qubit measurements were assessed using the 



 

  9 

Wilcoxon signed-rank test, demonstrating significant differences for both E. coli (p < 0.001) and S. 

epidermidis (p = 0.037). 

 

3.2 Hands-on time (HOT) and turnaround time (TAT) for manual and machine-

based DNA extractions 

The mean (± SD) hands-on time (HOT) and turnaround time (TAT) for the manual and semi-

automated QIAcube DNA extraction workflows (n = 12 per workflow) are presented in 

Table 1. 

Table 1. Mean values ± SD of hands-on time (HOT) and turnaround time (TAT). 

Method Mean hands-on time  

(minutes) 

Mean turnaround time 

(minutes) 

Manual extraction  

(n = 12) 
89.5 ± 8.2 

 

210 ± 15.4 

 

Machine-based extraction 

(=12) 
34.8 ± 4.1 245 ± 12.6 

 

Manual DNA extraction required greater operator involvement throughout the workflow, 

resulting in a higher hands-on time than the semi-automated QIAcube extraction workflow. 

In contrast, QIAcube extraction substantially reduced hands-on time through automated 

reagent handling, washing, and centrifugation steps. However, the total turnaround time 

was longer for the QIAcube workflow because of instrument run time and automated 

processing cycles. 

3.3 DNA Extractions with Blood 

Preparation of blood spikes-in samples 

DNA extracted from E. coli-spiked blood samples and negative controls was evaluated to 

assess DNA purity and suitability for downstream nanopore sequencing. The E. coli-spiked 

blood samples generally showed low A260/A280 and A260/A230 ratios, ranging from 

0.79–1.29 and 0.20–1.49, respectively, indicating variable and generally low DNA purity 

following extraction. The NanoDrop measurements for the blood-derived samples are 

presented in Table A4 in Appendix. 
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Selection of samples for nanopore sequencing  

A total of seven DNA samples were selected for sequencing analysis given in Table 2. The 

first four samples consisted of DNA extracted from LB-grown S. epidermidis and E. coli 

cultures using the semi-automated QIAcube extraction workflow. Throughout this study, 

the S. epidermidis culture samples extracted using the QIAcube workflow are referred to as 

SEC-5 and SEC-6, while the E. coli culture samples extracted using the QIAcube workflow 

are referred to as ECC-2 and ECC-3. The DNA sample obtained from a previous student 

project using the QIAamp UCP Pathogen Kit is referred to as LB-1. The ZymoBIOMICS 

Microbial Community reference standard (ZMS-2) was included as a microbial community 

control, whereas the E. coli-spiked blood DNA sample (BS-3) was extracted using the 

QIAamp UCP Pathogen Kit. These sample identifiers are used consistently throughout the 

remainder of the report. 

Table 2. DNA concentration and purity values of samples selected for MinION. 

Selected sequencing samples  Concentration ng/µl A260/280 A260/230 

SEC-6 37.4 ng/µl 2.39 1.68 

SEC-5 13.6 ng/µl 2.17 1.33 

ECC-2 10.4 ng/µl 2.60 1.83 

ECC-3 9.50 ng/µl 2.44 1.73 

LB-1 21.6 ng/µl 1.96 2.05 

ZMS-2 9.2 ng/µl 1.04 2.03 

BS-3 0. 3 ng /µl 1.29 1.49 

 

Following sample selection, each sample was assigned a unique rapid barcode for multiplex 

nanopore sequencing using the Oxford Nanopore rapid barcoding workflow. Barcode 

assignment enabled simultaneous sequencing and downstream identification of individual 

samples within a single MinION sequencing run.  

3.4 Nanopore sequencing  

Nanopore sequencing generated high-quality sequencing data suitable for downstream 

taxonomic analysis. At the start of the sequencing run, 1278 active pores were available on 

the flow cell. The sequencing run lasted approximately 16 hours and 39 minutes, generating 

approximately 1.67 million reads with an estimated yield of 3.05 Gb and 3.49 Gb of 

basecalled data. The estimated N50 read length ranged from approximately 4.57 kb to 5.05 

kb. Read-length histogram analysis showed a broad distribution of sequencing read lengths, 

with most reads between 1 and 5 kb and a smaller proportion exceeding 20 kb given in 
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Figure A5 in Appendix. Overall, the sequencing run produced sufficient read quality and 

sequencing yield for downstream taxonomic analysis. 

3.5 Taxonomic classification using EPI2ME 

Taxonomic classification results obtained using Kraken at confidence thresholds of 0 and 

0.1 are presented in Figure 3. At a confidence threshold of 0.1, most sequencing reads 

remained classified as unknown taxa, with only a small proportion assigned to bacterial or 

host-associated species. In contrast, using a confidence threshold of 0 resulted in improved 

species-level classification and clearer identification of the expected microbial taxa. As 

shown in Figure 3, the confidence threshold of 0 improved detection of E. coli in the E. coli 

samples and S. epidermidis in the S. epidermidis samples. 

The ZymoBIOMICS Microbial Community reference standard also demonstrated improved 

taxonomic resolution at the 0-confidence threshold, with additional microbial taxa 

identified, including Staphylococcus hominis, Staphylococcus aureus, Salmonella enterica, 

Bacillus spizizenii, and Listeria monocytogenes. Reads classified as Homo sapiens were 

detected in several samples, indicating the presence of host-derived DNA. Although 

unknown reads were still present at the 0-confidence threshold, their relative abundance 

was reduced compared to the analysis performed at confidence level 0.1, demonstrating 

improved taxonomic assignment and microbial identification. 

 

A) 
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B) 

 

 

Figure 3. Relative abundance of identified species in sequenced samples analysed using the Kraken 

taxonomic classification tool within the EPI2ME platform at different confidence thresholds. A) 

Taxonomic classification performed using a confidence threshold of 0. B) Taxonomic classification 

performed using a confidence threshold of 0.1. The figure presents the relative abundance of 

classified sequencing reads detected in ZMS-2, SEC-5, SEC-6, ECC-2, ECC-3, and LB-1. BS-3 was 

excluded from the taxonomic abundance analysis because insufficient classifiable microbial reads 

were obtained for reliable comparison. At the confidence threshold of 0.1, the majority of sequencing 

reads remained classified as unknown taxa, with limited species-level identification across the 

samples. In contrast, the confidence threshold of 0 resulted in improved taxonomic resolution, 

allowing clearer identification of expected microbial species, including Escherichia coli, 

Staphylococcus epidermidis, Staphylococcus hominis, Staphylococcus aureus, Salmonella enterica, 

Bacillus spizizenii, and Listeria monocytogenes. Reduced proportions of unknown reads were also 

observed at the 0-confidence threshold. 

Species richness at a Kraken confidence threshold of 0 is presented in Figure 4. The ZMS-2 

sample and the S. epidermidis culture samples (SEC-5 and SEC-6) demonstrated the highest 

species richness, reaching approximately 19 identified taxa as sequencing depth increased. 

In contrast, the E. coli culture samples (ECC-2 and ECC-3) showed lower species richness, 

with approximately 12–13 identified taxa detected throughout the sequencing run. The LB-

1 sample demonstrated the lowest species richness, remaining relatively stable at 

approximately 10 identified taxa. The total species richness increased rapidly during the 

initial phase of sequencing before reaching a plateau at approximately 38 identified taxa, 

indicating that additional sequencing contributed few newly detected taxa. These findings 

suggest that most detectable taxa were identified at relatively early sequencing depths 

across the analysed samples. 
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Figure 4. Species richness curves generated using Kraken taxonomic classification within the EPI2ME 

platform at a confidence threshold of 0. The figure illustrates the relationship between sequencing 

sample size and the cumulative number of identified taxa across the sequenced samples (ZMS-2, SEC-

5, SEC-6, ECC-2, ECC-3, and LB-1). BS-3 was excluded from the species richness analysis because 

insufficient classifiable microbial reads were obtained for reliable richness estimation. Species 

richness increased rapidly during the initial sequencing phase before reaching a plateau, indicating 

that most detectable taxa were identified at relatively low sequencing depths. No statistical 

comparison was performed for this descriptive analysis. 

Heatmap analysis of the EPI2ME taxonomic classification results demonstrated distinct 

abundance patterns among the identified taxa across the sequenced samples, as shown in 

Figure 5. S.hominis and S. epidermidis showed higher abundance in the SEC-5 and SEC-6 

samples, whereas E. coli was predominantly detected in the ECC-2 and ECC-3 samples. 

Reads classified as Homo sapiens were identified at lower abundance levels in ZMS-2 and 

LB-1, indicating the presence of residual host-derived DNA. Overall, the heatmap 

highlighted clear differences in microbial composition and taxonomic distribution between 

the analysed samples. 
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Figure 5. Heatmap generated in SPSS showing abundance distribution of identified taxa across 

nanopore-sequenced samples. The heatmap illustrates the abundance distribution of identified taxa 

detected in the sequenced samples following EPI2ME taxonomic analysis. The x-axis represents the 

analysed samples, while the y-axis represents the identified taxa. Colour intensity corresponds to 

read abundance, with darker colours indicating higher abundance values and lighter colours 

indicating lower abundance values within each sample. 

4 Discussion  

4.1 DNA extraction yield and purity 

 With the intention of identifying DNA extraction workflows capable of producing DNA of 

sufficient concentration and purity for downstream MinION nanopore sequencing, manual 

and semi-automated extraction procedures were evaluated using E. coli and S. epidermidis 

cultures grown in LB medium. The comparison focused on DNA concentration, purity ratios, 

reproducibility, and workflow practicality rather than direct comparison between different 

extraction kits, since different workflows and sample types were included in the project. 

Although manual DNA extraction generally produced higher DNA concentrations in E. coli 

cultures, the semi-automated QIAcube workflow generated more consistent DNA yields 

with lower variability between replicate samples as shown in Figure 2. The reduced 

variability observed with the QIAcube workflow is likely attributable to the standardisation 

of extraction steps and reduced operator-dependent variation during pipetting, washing, 

incubation, and sample transfer. Similar improvements in reproducibility between 

automated and manual extraction workflows have previously been reported by Li et al. 

(2014). 
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The differences observed between E. coli and S. epidermidis cultures may be explained by 

differences in bacterial cell wall structure. Gram-positive bacteria such as S. epidermidis 

possess a thick peptidoglycan cell wall that is more difficult to lyse than the thinner cell wall 

of Gram-negative bacteria such as E. coli. Consequently, DNA extraction from Gram-positive 

bacteria is generally less efficient and may contribute to the greater variability observed in 

S. epidermidis cultures, consistent with previous findings demonstrating that bacterial cell 

wall composition influences DNA extraction efficiency and downstream sequencing 

performance (Hansen et al., 2010). 

The statistically significant differences observed between NanoDrop and Qubit 

measurements further demonstrated the importance of selecting an appropriate DNA 

quantification method for sequencing applications. NanoDrop consistently produced higher 

DNA concentration values than Qubit as shown in Figure 2, because absorbance-based 

measurements detect all nucleic acid-associated compounds, including RNA, proteins, salts, 

and residual extraction reagents. In contrast, Qubit selectively quantifies double-stranded 

DNA using fluorescent dyes and therefore provides a more accurate estimate of DNA 

suitable for sequencing library preparation (Simbolo et al., 2013). The higher NanoDrop 

values observed in the present study most likely reflected overestimation caused by 

residual contaminants or non-target nucleic acids, which is consistent with previous 

comparisons of spectrophotometric and fluorometric DNA quantification methods (Sinha 

et al., 1994). 

In addition to DNA yield and purity, workflow efficiency is an important consideration for 

routine clinical implementation. Although the semi-automated QIAcube workflow required 

a slightly longer turnaround time because of automated instrument run cycles, it 

substantially reduced operator hands-on time compared with manual extraction as shown 

in Table 1. Reduced manual intervention may improve laboratory throughput, minimise 

operator-dependent variability, and allow laboratory personnel to perform other 

laboratory tasks during automated processing. Therefore, despite the slightly longer 

turnaround time, semi-automated extraction workflows may offer practical advantages for 

routine clinical laboratories where consistency and workflow standardisation are 

prioritised (Li et al., 2014). 

The use of LB-grown bacterial cultures provided a controlled system for evaluating DNA 

extraction performance before progressing to blood-derived samples. Unlike blood, which 

contains large amounts of host-derived DNA that can interfere with microbial DNA recovery 

and downstream sequencing, bacterial cultures allowed extraction performance to be 

assessed under controlled conditions before introducing the additional complexity 

associated with blood-derived material. 

 

4.2 Blood spike-in preparation and sample processing 

To evaluate whether nanopore sequencing could successfully detect bacterial DNA in a 

clinically relevant matrix, blood spike-in samples were prepared using diluted E. coli 

cultures. The spike-in strategy was designed to mimic bloodstream infection conditions, 

where bacterial abundance is typically extremely low relative to host-derived human DNA. 
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Approximately 1 × 10⁴ CFU of E. coli were added to each blood sample, representing a low-

biomass model relevant to bloodstream infections. 

The low bacterial abundance typically present in bloodstream infections represents one of 

the major challenges in metagenomic sepsis diagnostics. Even in septic patients, bacterial 

concentrations may approach the limit of detection for molecular sequencing methods. 

Consequently, inconsistent microbial detection at low bacterial concentrations should not 

necessarily be interpreted as workflow failure, but rather as a reflection of the biological 

challenges associated with bloodstream infections (Price et al., 2016). 

Prior to sequencing, AMPure bead clean-up was performed to improve DNA purity and 

remove contaminants that could interfere with nanopore sequencing performance. DNA 

contaminants such as salts, ethanol residues, proteins, and short DNA fragments may 

negatively affect nanopore pore activity, sequencing stability, and library preparation 

efficiency (Oxford Nanopore Technologies). Following AMPure bead clean-up, the selected 

samples achieved DNA concentration and purity values considered suitable for MinION 

library preparation, consistent with previously reported recommendations for nanopore 

sequencing workflows (Bruijns et al., 2022). 

Comparison of the selected sequencing samples showed that LB-1 produced a higher DNA 

concentration than the blood-derived sample BS-3. The lower DNA concentration observed 

in BS-3 most likely reflected the combined effects of low bacterial abundance together with 

the high proportion of host-derived DNA present in whole blood as shown in Figure 4. These 

findings further illustrate the challenges associated with direct metagenomic sequencing of 

blood-derived samples. 

The detection of host-derived Homo sapiens reads shown in Figure 5 further highlighted the 

difficulty of sequencing blood-derived samples. Despite the use of adaptive sampling 

depletion, human DNA remained present and likely occupied a substantial proportion of the 

available sequencing capacity, thereby reducing the relative abundance of microbial reads. 

These findings suggest that adaptive sampling alone is insufficient to eliminate host DNA 

and that additional host-depletion strategies may be required to further improve microbial 

detection sensitivity in future nanopore sequencing workflows (Gu et al., 2019). 

 

4.3 Nanopore sequencing performance 

To determine whether the selected DNA extraction and AMPure bead clean-up workflow 

produced DNA suitable for downstream MinION sequencing, sequencing quality, 

sequencing yield, read length distribution, and taxonomic classification performance were 

evaluated. 

Nanopore sequencing generated sufficient sequencing depth and read quality for 

downstream taxonomic analysis. The read length distribution demonstrated that most 

sequencing reads were within the 1–5 kb range, while a smaller proportion of longer reads 

extended beyond 20 kb (Figure A5, Appendix). The generation of relatively long sequencing 

reads is one of the principal advantages of nanopore sequencing, as longer reads improve 
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taxonomic classification and facilitate genome reconstruction by spanning larger genomic 

regions than conventional short-read sequencing platforms (Jain et al., 2016). 

An important aspect of the sequencing workflow was the use of the rapid barcoding kit, 

which employs transposase-based fragmentation to simplify library preparation and 

reduce processing time. Although this approach offers practical advantages for rapid 

sequencing, transposase-mediated fragmentation may reduce DNA fragment length and 

influence the final read length distribution. Similar effects of transposase-based library 

preparation on nanopore sequencing performance have previously been reported in 

sequencing studies. 

Adaptive sampling depletion was implemented to reduce the proportion of host-derived 

human DNA during sequencing. Although this approach decreased the amount of host DNA, 

Homo sapiens reads were still detected in several sequenced samples shown in Figure 5. 

Previous studies have shown that adaptive sampling can enrich microbial reads by 

selectively rejecting human DNA molecules during sequencing (Ulrich et al., 2022). 

However, depletion efficiency depends on several factors, including sequencing depth, DNA 

fragment length, and the proportion of host DNA within the sample. The persistence of host-

derived reads observed in the present study therefore suggests that adaptive sampling 

alone may be insufficient to eliminate background human DNA in blood-derived 

metagenomic sequencing (Ulrich et al., 2022). 

The sequencing runtime should also be considered together with sequencing quality and 

sequencing yield rather than as an isolated parameter. Although the sequencing run 

required approximately 16 hours, sufficient sequencing data were generated for 

downstream microbial identification. Compared with conventional blood culture, which 

may require several days before preliminary bacterial identification becomes available, 

nanopore sequencing offers real-time sequence generation and analysis, providing the 

potential for earlier pathogen identification and more rapid clinical decision-making in 

patients with suspected sepsis (Wright et al., 2023). 

 

4.4 Taxonomic classification and microbial identification 

To evaluate whether the sequencing workflow enabled successful microbial identification, 

Kraken-based taxonomic classification within the EPI2ME platform was performed using 

confidence thresholds of 0 and 0.1. The selected confidence threshold substantially 

influenced species-level classification. Confidence threshold 0 enabled improved 

identification of the expected bacterial taxa, including E. coli in the ECC-2 and ECC-3 samples 

and S. epidermidis in the SEC-5 and SEC-6 samples, whereas a confidence threshold of 0.1 

resulted in a larger proportion of unclassified reads (Figure 3). These findings suggest that 

the sequencing data contained sufficient microbial signal for bacterial identification, but 

that stricter confidence filtering reduced classification sensitivity. Similar observations 

have previously been reported for Kraken-based metagenomic analyses, where lower 

confidence thresholds improve sensitivity but may increase the risk of false-positive 

assignments (Wood et al., 2019). In addition, Wright et al. (2023) performed Kraken2 

taxonomic classification using the default confidence threshold of 0.00, demonstrating that 
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confidence threshold selection can substantially influence classification performance and 

should be considered according to the objectives of the analysis. The ZMS-2 sample 

demonstrated improved taxonomic resolution at a confidence threshold of 0, where 

multiple expected bacterial taxa were identified. As the ZymoBIOMICS Microbial 

Community reference standard contains DNA from multiple microbial species (Table A1 in 

Appendix), the higher species richness observed was expected and demonstrated that the 

sequencing workflow successfully detected a diverse microbial community. 

As shown in Figure 4, species richness increased rapidly during the early stages of 

sequencing before reaching a plateau, indicating that additional sequencing depth 

contributed relatively few newly identified taxa. The ECC-2 and ECC-3 samples 

demonstrated lower richness than ZMS-2 and the SEC-5 and SEC-6 samples, which most 

likely reflects the lower microbial diversity present within these samples. 

The heatmap analysis shown in Figure 5, further demonstrated distinct microbial 

abundance patterns among the sequenced samples. Higher abundances of S. hominis and S. 

epidermidis were observed in the SEC-5 and SEC-6 samples, whereas E. coli predominated 

in the ECC-2 and ECC-3 samples. These findings support the biological validity of the 

taxonomic classification and indicate that the sequencing workflow successfully identified 

the expected bacterial species. 

Despite these findings, a proportion of sequencing reads remained unclassified. This is 

likely attributable to the higher sequencing error rates associated with nanopore 

sequencing together with limitations of reference databases, both of which can reduce the 

accuracy of taxonomic classification for low abundance reads (Wick et al., 2019). 

Unexpected taxa were also detected during taxonomic classification. Similar observations 

have been reported in previous nanopore sequencing studies, where unexpected taxa were 

attributed to laboratory contamination, barcode crosstalk, low-level background DNA, or 

taxonomic misclassification rather than true biological presence. Consequently, unexpected 

taxa should be interpreted cautiously and verified using additional analytical approaches 

before being considered clinically relevant. 

Although antimicrobial resistance analysis was beyond the scope of the present study, 

nanopore sequencing offers considerable potential for rapid detection of antimicrobial 

resistance genes. The ability to identify both pathogens and resistance-associated genes in 

real time could support earlier targeted antimicrobial therapy and improve future sepsis 

diagnostics (Wright et al., 2023). 

5 Conclusion 

In conclusion, the present study demonstrated that both manual and semi-automated DNA 

extraction workflows generated DNA suitable for downstream MinION nanopore 

sequencing from LB-grown bacterial cultures and selected blood-derived material. The 

semi-automated QIAcube workflow substantially reduced hands-on time compared with 

manual extraction while also producing more standardized extraction performance 

between replicates. 
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Nanopore sequencing generated sufficient sequencing yield and read quality for 

downstream microbial classification, enabling successful identification of expected 

bacterial taxa including E. coli and S. epidermidis. Taxonomic classification performance was 

strongly influenced by the selected Kraken confidence threshold, where confidence 

threshold 0 improved species-level identification compared with confidence threshold 0.1. 

The results also highlighted several important challenges associated with blood-derived 

metagenomic sequencing, including low bacterial abundance, persistence of host-derived 

human DNA, and the presence of unclassified reads. Overall, the findings support the 

potential of Oxford Nanopore sequencing for future rapid microbial identification 

workflows while emphasizing the continued need for optimization of DNA extraction, host 

depletion, and low-biomass sequencing strategies before routine clinical implementation. 

 

6 Ethical Aspects, Gender Equality Perspective, and Impact on Society 

This project involved laboratory evaluation of DNA extraction and nanopore sequencing 

workflows using LB-grown bacterial cultures and bacteria-spiked human blood samples. 

The primary ethical considerations were therefore related to the handling of human 

biological material, biosafety, and responsible interpretation of sequencing data. Human 

blood samples should only be collected, stored, and handled according to local ethical 

regulations and institutional biosafety procedures. The blood material used in the present 

project was anonymized or coded to prevent donor identification, and the study did not aim 

to generate or analyse human genetic information. Because blood may contain infectious 

microorganisms, all handling procedures were performed according to laboratory biosafety 

routines, and biological waste was disposed of safely. 

A gender equality perspective is also relevant because sepsis affects individuals of all sexes 

and ages, although some patient groups, including pregnant individuals, may demonstrate 

increased vulnerability and distinct clinical risk factors. Future diagnostic development 

should therefore consider biological variation between patient populations when 

evaluating new molecular diagnostic workflows, while ensuring that patient privacy and 

ethical handling of clinical material are maintained. 

The potential societal impact of improved molecular sepsis diagnostics is substantial. 

Earlier microbial identification may support earlier targeted antimicrobial treatment, 

reduce unnecessary broad-spectrum antibiotic use, and contribute to limiting antimicrobial 

resistance development. Faster molecular diagnostics may also reduce intensive care 

burden, shorten hospitalization time, and improve patient outcomes in a life-threatening 

condition associated with high global mortality (Rudd et al., 2020; WHO, 2024). 

7 Future Perspectives 

Future work should focus on optimising the DNA extraction and sequencing workflow to 
enable reliable microbial detection at bacterial concentrations representative of 
bloodstream infections. In this study, bacterial cultures grown in Luria Broth (LB) and 
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bacteria-spiked human blood samples were used to evaluate DNA yield, purity, turnaround 
time and suitability for MinION sequencing. Future studies should therefore investigate 
lower bacterial concentrations and microbial DNA levels in blood-derived samples to better 
estimate the clinical detection limit of the workflow. 

Because host-derived DNA accounted for a large proportion of sequencing reads, additional 
host DNA depletion and microbial enrichment strategies should be explored. Potential 
approaches include selective human DNA removal, improved bacterial lysis, inhibitor-
removal procedures and microbial enrichment methods to increase the proportion of 
microbial DNA before sequencing (Trung et al., 2016; Kawai et al., 2024; Reinicke et al., 
2024). These approaches should be evaluated based on sequencing sensitivity, 
reproducibility and species identification accuracy at low bacterial concentrations. 

Future studies should also investigate the effect of different bacterial loads on sequencing 
performance and evaluate the workflow using clinical blood samples from patients with 
suspected sepsis. Comparing nanopore sequencing with conventional blood culture 
diagnostics and established molecular methods would provide a better understanding of its 
clinical applicability and its potential to reduce the time required for pathogen identification 
and targeted antimicrobial treatment (Evans et al., 2021; Sinha et al., 2018; Vutukuru et al., 
2025). 
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10 Appendix  

Table A1. Theoretical composition of microbial DNA in the Microbial Community DNA 

Standard (Zymoresearch) 

Bacterial species   Spike-in composition (%)  

Pseudomonas aeruginosa   12  

E.coli  12  

Salmonella enterica   12  

Lactobacillus fermentum   12  

Enterococcus faecalis   12  

Staphylococcus aureus   12  

Listeria monocytogenes   12  

Bacillus subtilis   12  

Saccharomyces cerevisiae   2  

Cryptococcus neoformans   2  
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Table A2. NanoDrop measurements of E.coli and S.epidermis  (n=12) samples extracted 
using the manual and QIAcube automated extraction method. 

 

  

DNA 

extracted 

sample 

QIAcube 

concentr

ation 

(ng/ µl) 

Manual 

concentr

ation 

(ng/ µl) 

QIacube 

A260/A280 

Qiacube 

A260/ A230  

Manual  

A260/A2

80 

Manual 

A260/A2

30 

E. coli 1 72.8  61.2 1.40 2.40 3.10 1.21 

E. coli 2 28.3 24.8 2.28 1.32 2.60 1.83 

E. coli 3 53.1 24.9  2.24 1.64 2.44 1.73 

E. coli 4 50  48.2 2.24 1.60 2.39 0.68 

E. coli 5 27.6 29.1 2.42 2.09 2.33 0.97 

E. coli 6 23.5  50.6 2.47 2.16 6.26 0.54 

E. coli 7 38  15.2  2.30 1.84 3.01 0.71 

E. coli 8 22.9  29.3 2.38 1.43 1.62 0.81 

E. coli 9 33.5  42.4 2.23 1.30 1.84 0.80 

E. coli 10 36.5  42.6 2.25 1.86 1.62 0.76 
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E. coli 11 

E.coli 12 

S.epidermis 1 

S.epidermis 2 

S.epidermis 3 

S.epidermis 4 

S.epidermis 5 

S.epidermis 6 

S.epidermis 7 

S.epidermis 8 

S.epidermis 9  

S.epidermis 10 

S.epidermis 11 

S.epidermis 12 

17.3  

71.8 

13.6 

8.9 

7.7 

10.5 

10.9 

36.1 

17.4 

11.5 

10.5 

10.4 

5.7 

7.2 

26.5 

52.4 

1.1 

2.7 

7.1 

27.0 

14.7 

10.6 

11.3 

13.9 

20.5 

3.4 

13.8 

16.8 

2.50 

1.72 

2.03 

1.57 

2.13 

2.36 

2.17 

2.39 

2.27 

1.93 

2.45 

2.07 

2.14 

2.87 

1.67 

0.84 

0.57 

0.82 

1.32 

1.41 

1.33 

1.68 

0.64 

0.71 

0.98 

0.89 

1.24 

0.96 

1.56 

1.35 

2.71 

4.48 

2.12 

1.56 

1.54 

1.69 

1.51 

1.68 

1.60 

2.31 

1.89 

1.60 

1.24 

1.19 

1.12 

1.52 

0.75 

0.57 

0.53 

0.65 

0.57 

0.64 

0.56 

0.58 

0.75 

0.58 
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Table A3. Comparison of DNA concentration values obtained from QIAcube and manual 

extraction methods for S. epidermidis samples and E.coli samples. 

 

DNA sample Machine (ng/ µl) Manual (ng/ µl) 

 

S.epidermidis 1 

 

7.66 ng/ µl 

 

2.24 ng/ µl 

S.epidermidis 2 9.40 ng/µl 3.52 ng/ µl 

S.epidermidis 3 12.3 ng/µl 3.84 ng/ µl 

S.epidermidis 4 8.08 ng/µl 0.34 ng/ µl 

S.epidermidis 5 13.6 ng/ µl 3.38 ng/ µl 

S.epidermidis 6 37.4 ng/ µl 9.79 ng/ µl 

S.epidermidis 7 14.6 ng/ µl 2.92 ng/ul 

S.epidermidis 8 12.3 ng/ µl 2.56 ng/ µl 

S.epidermidis 9 3.52 ng/ µl 2.60 ng/ µl 

S.epidermidis 10 13.1 ng/ µl 1.86 ng/ µl 

S.epidermidis 11 12.2 ng/ µl 8.86 ng/ µl 

S.epidermis 12  

E.coli 1  

E.coli 2 

E.coli 3 

E.coli 4 

E.coli 5 

E.coli 6 

E.coli 7 

E.coli 8  

5.50 ng/ µl 

 13.0 ng/ µl 

10.4 ng/ µl 

9.50 ng/ µl 

14.8 ng/ µl 

7.08 ng/ µl 

18.3 ng/ µl 

7.38 ng/ µl 

11.7 ng/ µl 

2.23 ng/ µl 

11.1 ng/ µl 

28.4 ng/ µl 

26.2 ng/ µl 

10.7 ng/ µl 

12.1 ng/ µl 

11.9 ng/ µl 

17.0 ng/ µl 

10.5 ng/ µl 
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E.coli 9 

E.coli 10 

E.coli 11 

E.coli 12 

 

2.18 ng/ µl 

6.50 ng/ µl 

8.50 ng/ µl 

18.50 ng/ µl 

14.0 ng/ µl 

16.3 ng/ µl 

4. 12 ng/ µl 

6.12 ng/ µl 
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Table A4. NanoDrop measurements of blood samples (n=12) extracted using the QIAamp 

UCP Pathogen Kit.  

 

Sample Spike in/not  A260/A280 A260/A230 

Blood 1 Spiked with E.coli 

(1 × 10⁴ CFU) 

0.89 0.20 

Blood 2 Spiked with E.coli 

(1 × 10⁴ CFU) 

1.00 0.29 

Blood 3 Spiked with E.coli 

(1 × 10⁴ CFU) 

1.29 1.49 

Blood 4 Spiked with E.coli 

(1 × 10⁴ CFU) 

0.87 0.20 

Blood 5 Spiked with E.coli 

(1 × 10⁴ CFU) 

0.83 0.24 

Blood 6 Spiked with E.coli 

(1 × 10⁴ CFU) 

0.83 0.27 

Blood 7 Spiked with E.coli 

(1 × 10⁴ CFU) 

0.79 0.22 

Blood 8 Spiked with E.coli 

(1 × 10⁴ CFU) 

0.84 0.24 

Blood 9 Spiked with E.coli 

(1 × 10⁴ CFU) 

0.85 0.21 

Blood 10 Spiked with E.coli 

(1 × 10⁴ CFU) 

0.86 0.21 

Control 11  Negative control-no spike in  0.88 0.20 

Control 12 Negative control-no spike in 0.82 0.19 
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Figure A5. Read length histogram obtained from MinION nanopore sequencing.The figure shows the 

distribution of sequencing read lengths generated during the nanopore sequencing run. Most reads 

were concentrated within the lower kilobase range, particularly between approximately 1–6 kb, 

while a smaller proportion of longer reads extended beyond 20 kb. The gradual decline in read 

frequency with increasing read length indicates successful generation of both short and long 

sequencing reads suitable for downstream metagenomic analysis. 

 


