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Abstract  

Sepsis is a syndrome causing millions of deaths every year. The diagnosis today uses several 

parameters one of which is blood culture. It can take up to 48 hours to get results. Sepsis can 

lead to major organ dysfunction in a span of four hours; therefore time is of the essence. 

Diagnosis of sepsis using multiple biomarkers a “multi marker panel” is currently being studied. 

One parameter suggested to be included is miRNA. There is need for an efficient extraction 

method to get the miRNA from the patients’ blood. This can be done by using a kit either 

manually or in a machine such as the QIAcube. The miRNeasy Serum/Plasma Advanced Kit 

(Qiagen) was used in both a manual and a QIAcube miRNA extraction with two volumes of 

plasma (200 μl and 100 μl) from self-assessed healthy individuals. There were 10 extractions 

made with each method and volume, in total 40 extractions was performed. The miRNA 

concentration was measure with a Qubit and purity was measured with a nanodrop. The miRNA 

concentration was statistically significantly higher using the QIAcube 100 μl compared to the 

other volume and the manual extractions. The turn-around time was shorter with the manual 

extraction while the hands-on time was shorter in the QIAcube methods. In conclusionthere is 

still research to be done on both miRNA and miRNA extraction before it can be included in a 

multi marker panel for sepsis. However the QIAcube does show potential to be used in a clinical 

laboratory.  
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Introduction 
Every three seconds someone in the world dies from the syndrome sepsis (The UK Spesis Trust, 

2020). There were 48.9 million cases of sepsis worldwide in 2017 and 11 million sepsis-related 

deaths, which was 19% of all global death that year (Rudd et al., 2020). Sepsis is a worldwide 

problem in the health care. The progress of the syndrome can go quite fast, in a worst case 

scenario it can take four hours until the body is shutting down.  

Sepsis 
Sepsis is a potentially life-threatening condition which occurs when a patient´s immune 

response to an infection becomes systematic (Singer et al., 2016). When the immune response 

becomes systematic it means that the immune system acts on the entire body instead of acting 

where the focus of the infection is (Dellinger et al., 2013). The response can lead to increased 

permeability of the blood vessels which may cause the liquid to leak out of the vessels and 

therefore the blood pressure to go down. A decrease in blood pressure will result in vital organs 

not getting their required oxygen supply, which in turn will affect their ability to work. Sepsis is 

a critical state which can lead to major organ dysfunction and potentially death if not treated in 

time (Dellinger et al., 2013; Gaieski et al., 2010). 

The challenge with sepsis is that the symptoms are very common among various diseases. The 

symptoms are fever, chills, low body temperature, rapid pulse, rapid breathing, nausea and 

vomiting and implied consciousness (Bone et al., 1992). The symptoms were connected to the 

symptoms of systematic inflammatory response syndrome (SIRS) in 1991, and sepsis accrued 

when a patient had two or more of the symptoms plus an underlying infection (Bone et al., 

1992). However, all of the symptoms can be connected to other diseases not necessarily leading 

to sepsis. To determine if a patient has sepsis or the start to sepsis, other parameters are needed. 

Today doctors look at anamnesis of the patient, vital parameters, clinical symptoms and 

generating blood cultures from the patient, however, the blood cultures requires about 40 ml of 

blood and can take up to 48 hours to complete (Ljungström, Pernestig & Tilevik, 2017). 

Biomarkers  
Scientists are trying to figure out ways to have the patients diagnosed earlier, some believe that 

a mixture of biological markers (biomarkers) might be the answer (Kingsley & Bhat, 2017; 

Ljungström et al., 2017). Biomarkers are measurable indicators of biological states, such as 

fever. Fever can be measured with a thermometer and the temperature can indicate if the 

patient is healthy or not. Another biomarker can also be for example C-reactive protein (CRP) 

which is a protein in the blood; it will indicate what kind of an infection, viral or bacterial, a 

patient is suffering from (O’Grady et al., 2008). 

Ljungström et al., (2017) believes that the best chance of diagnosing sepsis earlier would be to 

combined biomarkers so that several parameters are looked at instead of just one. The goal for 

the research area Future diagnostics of sepsis would be to determine a multi marker panel for 

sepsis. This would allow for an earlier diagnosis of sepsis and hopefully also provide information 

about what kind of antibiotics that the patient needs to be treated with (Ljungström, Pernestig & 

Tilevik, 2017). One type of biomarker being studied to be used in such a multi-marker panel is a 

kind of ribonucleic acid (RNA) called micro ribonucleic acid (miRNA).  
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miRNA 
In the year of 2008 three separate studies described how miRNA from tissue- and organ-cells 

was found as cell-free miRNA in the blood stream of patients (Chen et al., 2008; Mitchell et al., 

2008; Lawrie et al., 2008). This discovery opened up the door for several new studies. In 2010 

and 2011 three studies were conducted studying the miRNA in different body fluids (Arroyo et 

al., 2011; Turchinovich, Weiz, Langheinz & Burwinkel, 2011;  Weber et al., 2010) and the 

conclusion from these three studies were according to Correia et al.,(2017) that the free miRNA 

was “extremely stable in extracellular fluids in mammals”. 

Since miRNA are stable in the blood some scientists started to examine the possibility of using 

miRNA as a biomarker for sepsis. Several miRNAs has been studied, in the review by Igor P 

Pogribny (2017) several miRNA were mentioned however the conclusion drawn was that there 

is need for more tests before specific miRNA are chosen for the multi marker panel. In Kingsley 

and Bhat´s review (2017) the same challenge appeared where it was described that miRNA-150 

was down regulated in sepsis patients according to a study by Ma et al., (2013), however, in a 

larger study done by Roderburg et al., (2013) the miRNA-150 showed no significant difference 

between sepsis patients and healthy individuals. 

miRNA extraction 
While there are still some work to be done on which miRNAs that can be used as biomarkers for 

sepsis, there are other things to consider as well. miRNAs are only found in small quantities in 

the body which can make it hard to extract from blood (Kreth, Hübner & Hinske, 2018). They are 

very small molecules about 22 nucleotides (Chen et al., 2008; Mitchell et al., 2008; Lawrie et al., 

2008). If miRNAs are to be used in the multi marker panel for sepsis there is need for a method 

which will give both high purity and concentration of miRNA. There are ways to perform miRNA 

extraction manually; however, this requires a laboratory technician to work with the samples.  

The time a person works with a sample is called hands-on time and the time for the overall 

experiment is called turn-around time (Hawkins, 2007). In the clinical laboratories it is 

important to get reliable results but it is also crucial to get these results fast so that a patient can 

be treated as quickly as possible (Pati & Singh, 2012). Therefore the turn-around time of a 

method is measured when evaluating it. The hands-on time is measure to see how much time the 

laboratory technicians have to spend on working with the method but also to estimate the 

contamination risk. If the hands-on time is low it means that the laboratory technician does not 

need to spend much time by the samples and that the risk of contamination is reduced (Llamas, 

Valverde, Fehren-Schmitz, Weyrich, Cooper, & Haak, 2016). To lower the hands-on time different 

methods can be used, one way is to use machines.  

There is a robotic workstation called QIAcube developed by Qiagen, which is developed to do 

spin column extraction of, for example miRNAs, automatically (Qiagen, 2020). The QIAcube can 

be programmed to follow a specific protocol and will then do the extraction according to that 

protocol connected to a kit (Qiagen, 2020). The kits are usually not solely created for the use in a 

QIAcube but also to do the extraction manually. This creates an opportunity to compare the 

manual extraction with the QIAcube extraction.  
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Aim 
The aim of this project was to compare miRNA extraction from healthy plasma both in a manual 

and with a QIAcube extraction with the RNA extraction kit miRNeasy Serum/Plasma Advanced 

Kit (Qiagen). As well as examining if it is possible to use 100 μl of plasma instead of the kit 

recommended amount of 200 μl.  

The research questions for this project are: 

 When using the kit miRNeasy Serum/Plasma Advanced Kit (Qiagen) on healthy plasma is 

there a difference in miRNA concentration and purity when comparing manual miRNA 

extraction and miRNA extraction with a QIAcube (Qiagen)?  

 How is the miRNA concentration and purity affected if 100 μl of plasma is used instead of 

the recommended 200 μl?  

 How does the hands-on time and turn-around time differ in the two extraction methods? 

Objectives:  

 Extract blood from healthy individuals 

 Extract plasma from the whole blood by centrifugation 

 Perform miRNA extractions on plasma both manually and with the help of a QIAcube 

 Measure the purity and concentration of the RNA elutes 

 Measure the hands-on time and turn-around time for the methods 

 Statistically analyse the results from the concentration and purity measurements 

Materials and methods 

Ethical statement 
The project uses healthy plasma extracted from self-assessed healthy volunteers who all gave 

their informed consent to participate. No data from this project can be traced back to a specific 

individual. No ethical approval other than the informed consent of the participants was needed.  

Preparations for manual extraction 
The qubit (Thermo Fisher Scientific) was calibrated according to Qubit® microRNA Assay Kits: 

For use with the Qubit® Fluorometer (all models).  

A test run was done with old plasma that was no longer needed in another project. The plasma 

was already thawed when the procedure was started, however to try the entire method, the 

plasma sample was put in a water bath VWB 2 (VWR) 37 ℃ for 5 minutes according to the 

miRNeasy serum/plasma Advanced kit handbook protocol called “Purification of Total RNA, 

Including miRNA, From Serum and Plasma” from Qiagen (2020). The protocol (Qiagen, 2020) 

was followed until step 4. Step 4 is spiking which is optional and was not performed in this 

study. Step 5-13 was done according to the protocol (Qiagen, 2020). After the protocol was 

completed, the RNA concentration was measured with a Qubit 4.0 (Thermo Fisher Scientific, 

Qubit® microRNA Assay Kits: For use with the Qubit® Fluorometer (all models), 2015) and 

miRNA purity was measured with a nanodrop at 260/280 (Thermo Fisher Scientific, 2010). 
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The Qiagen (2020) kit is made for miRNA extraction from 200 μl of plasma, in this project 100 μl 

was also tested. Some of the chemicals are supposed to be proportional to the plasma and 

therefore the protocol was rewritten and can be found in Appendix A, it includes these changes: 

Buffer RPL volume was changed from 60 μl to 30 μl, the buffer RPP volume was changed from 20 

μl to 10 μl and the volume of isopropanol was changed from 230 μl to 130 μl. 

Plasma extraction 
To be able to start the actual experiment, healthy plasma was needed. Therefore colleagues and 

other persons from the school were asked to donate blood. The persons that gave blood were 

asked if they were healthy which means that all subjects were self-assessed healthy, no medical 

examination was done. The blood was extracted from the person and placed intofourVacuette 

Tube 6 ml K2E K2EDTA (Greiner Bio-One) tubes. The tubes were turned a few times to initiate 

the non-coagulation function that the ethylenediaminetetraacetic acid (EDTA) has on the blood. 

A Scan Speed 1580R Multi Purpose Refrigerated Centrifuge with a swing-out rotor (Labogene) 

was used to separate the plasma from the whole blood. The centrifuge was set at 4 ℃ for 15 

minutes at 16 000 g (Thermo Fisher Scientific, 2020). 

Once the separation was done, the plasma was transferred into 1.5 ml safe-lock tubes 

(Eppendorf), 400 μl in each tube. Twenty two tubes were collected to do the actual miRNA 

extraction and six more tubes were made to perform the time measurements on hands-on and 

turn-around time. 

The samples were paired into groups, the manual extraction had two groups, one for the 200μl 

and one for the 100 μl of starting plasma and the QIAcube also had two groups one for each 

volume (Table 1). In each group there were 10 samples.  

Table 1: Groups were marked depending on plasma volume and extraction method. 

 200 μl 100μl 

Manual extraction M200 M100 

QIAcube extraction Q200 Q100 

Manual miRNA extraction 
For the real experiment two or three plasma tubes were taken at a time from the -80 ℃ freezer 

and put into the water bath VWB 2 (VWR) 37 ℃ for 5 minutes. Then 200 μl from each tub was 

placed into a new 2 ml safe-lock tube (Eppendorf). The original plasma tube was placed on ice 

(UTMB Health, 2020), while the miRNA extraction was performed according to Qiagen (2020). 

When the protocol was completed the miRNA elution was in 1.5 ml collection tubes and placed 

on ice. 

The plasma that had been placed on ice before was then used to allocate 100 μl of the plasma 

into new 2 ml safe-lock tube (Eppendorf). Then the Qiagen (2020) rewritten protocol (Appendix 

A) for 100 μl was followed.  

After the miRNA extractions was completed the concentration was measured with Qubit 4.0 

(Thermo Fisher Scientific, Qubit® microRNA Assay Kits: For use with the Qubit® Fluorometer 

(all models), 2015) and the purity was measured with a nanodrop at 260/280 (Thermo Fisher 

Scientific, 2010). 

The same procedure was performed for all 10 plasma tubes.  
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To see how the isopropanol affected the miRNA extraction, the same procedure was performed 

with two more plasma tubes with the exception that the isopropanol volume was 230 μl in all 

extractions, instead of changing the volume in the 100 μl plasma miRNA extraction. 

QIAcube miRNA extraction 
The next part of the project was to do miRNA extraction with the help of a QIAcube (Qiagen).  

Five reagents bottles were marked and filled with 6 ml of respectively reagent. The miRNeasy 

Serum/Plasma Advanced Kit (Qiagen) did contain RNase-free water, however, it only contained 

10 ml and since the bottles required at least 5 ml for each run, it was decided not to use that 

RNase-free water from the kit; instead RNase-free water made in the Millipore Direct-Q3 Water 

Purification System (ThermoFisher) machine was used. The QIAcube was prepared for two 

samples according to the protocol sheet (Qiagen, 2017). 

Once the QIAcube was prepared, two to three frozen plasma samples was gathered at a time 

from the -80 ℃ freezer and thawed in a water bath VWB 2 (VWR) 37 ℃ for 5 minutes (Qiagen, 

2020). Same as in the manual extraction 200 μl was moved into a new 2 ml safe-lock tube while 

the rest of the plasma was left on ice, once the 200 μl extraction had been completed a new 

extraction was performed with 100 μl of plasma according to the rewritten Qiagen (2020) 

protocol. 

Step 1-6 (expect step 4 which will not be done in this project) in the Qiagen (2020) protocol was 

performed accordingly. Step 7 was half done outside the QIAcube and the other half inside the 

QIAcube, the supernatant was transferred into a new 2 ml safe-lock tube which was then put 

into the QIAcube. Before the QIAcube starts it first checks that all the things inside are put in 

correctly and that there are enough of all the reagents and filter tips. Then it starts the protocol 

from step 7 with adding 230 μl of isopropanol to the supernatant. The volume of isopropanol 

cannot be changed in the QIAcube; therefore the volume was 230 μl for all extractions. Once the 

QIAcube was finished with step 7-13, the 1.5 ml safe-lock tube containing the miRNA was taken 

out and put on ice. 

The same procedure was done with all 10 plasma tubes. 

After the each miRNA extractions was completed the concentration was measured with Qubit 

4.0 (Thermo Fisher Scientific, Qubit® microRNA Assay Kits: For use with the Qubit® 

Fluorometer (all models), 2015) and the purity was measured with a nanodrop at 260/280 

(Thermo Fisher Scientific, 2010). 

Turn-around time and hands-on time 
To measure the turn-around time and the hands-on time, two timers was used. Both were 

started at the same time. One was left on the bench and measured the time for the whole 

experiment (turn-around time) and the second timer was turned off when the samples was put 

in the water bath for incubation and was turned on again when the next step was performed. 

The second timer measured the time that the samples were actually touched (hands-on time). 

This was the same for both the manual and QIAcube hands-on time and turn-around time 

measurements. Both extractions were executed with two samples at a time.  

The manual hands-on time includes: changing pipette volumes, pipetting reagents and vortexing 

the samples. 
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The QIAcube hands-on time includes: changing pipette volumes, pipetting reagents, vortexing 

the samples, put in the rotor adaptor in the machine and make sure that all things had been 

inserted correctly. 

Statistical analysis 
Once all of the extractions had been made both manually and with the QIAcube (Qiagen) it was 

time to do the statistical analysis. The statistical analysis was performed with SPSS (IBM SPSS, 

Version 25, 2017). First all of the miRNA concentrations was put into SPSS and paired with their 

extraction group (Table 1). Then a box plot was made to distinguish if there were any outliers in 

the data. The outlier found was removed if possible from the data and a new box plot was made. 

Then a test of normality and equal variance was performed, for the normality a Shapiro-Wilk 

test and for the equal variance a Levene's test. The significance level was 0.05 for all tests. Once 

the tests was done it was determined if a parametric ANOVA test or a non-parametric Kruskal-

Wallis test was to be performed to detect difference in the groups. Then the same was done for 

the miRNA purity values from nanodrop for the 260/280. Descriptive statistics such was mean, 

the median and the standard deviation was obtained for all groups. 

Results 
With the purpose of comparing the miRNeasy serum/plasma advanced extraction kit used in a 

manual miRNA extraction and a QIAcube miRNA extraction and to see if there was any 

difference in using 100 μl compared to 200 μl as starting volume of plasma in the extractions the 

parameters of concentration and purity was examined. 

Descriptive Statistics of the concentration and purity 
To get a clear view of the different groups mean, median and standard deviation two tables were 

made, one for the concentration and one for the purity (Table 2 and 3). All the measurements 

can be found in Appendix C. 

Table 2.The mean, median and standard deviation for miRNA concentration from all the extraction 

groups. All groups had 10 data points. 

Sample group Mean 
(ng/μl) 

Median 
(ng/μl) 

Standard 
Deviation 

M200 0.75 0.73 0.095 

M100 0.69 0.70 0.086 

Q200 0.81 0.84 0.15 

Q100 1.79 1.68 0.69 

 

Table 3.The mean, median and standard deviation for 260/280 nanodrop value from all the extraction 

groups. All groups had 10 data points. 

Sample group Mean 
 

Median 
 

Standard 
Deviation 

M200 1.18 1.21 0.11 

M100 1.09 1.18 0.23 

Q200 1.37 1.41 0.14 

Q100 0.83 0.84 0.30 
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Concentration measurements 
The miRNA concentration was measured with a qubit and the result was grouped (Table 1) and 

made into a boxplot to detect outliers, Figure 1A. One outlier *19 in group M100 was detected 

(Figure 1A), the outlier was removed and a new box plot with the same parameters was made 

(Figure 1B).

 
Figure 1.Box plot of the miRNA concentration from the two manual extractions, one with 200μl of 
starting volume of plasma (M200) and one with 100 μl (M100) and two QIAcube extractions, one with 
200μl of starting volume of plasma (Q200) and one with 100 μl (Q100). Error bars represents the 95% 
confidence interval. Median is displayed as the black line in the middle of the box. The box displays the 
first to third interquartile range (IQR). (A) In each group there was 10 samples (n=10). The *19 indicates 
an outlier. The * indicates that the outlier is more than 3 IQR away from the edge of the box. (B) In each 
group there was 10 samples (n=10) except for the M100 group where n=9. 

A Shapiro-Wilk test was performed to test the normality of the miRNA concentrations. The 

significance level was 0.05 and no group had a value lower than 0.05 which means that all of the 

values in each group were normally distributed. M200 W(10)=0.947, p=0,637; M100 

W(9)=0.955, p=0.747; Q200 W(10)=0.948, p=0.650; Q100 W(10)=0.934, p=0.492.To test if the 

variance of the miRNA concentration was significantly different or not a Leven´s test was 

performed. The significance level was 0.05. The p-value based on mean was p=0.00 which means 

that the values had a significantly difference in variance. In order to see if there were significant 

differences in the miRNA concentration between the different extraction methods and volumes 

the Kruskal-Wallis test was used (Figure 2).  
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Figure 2. Median miRNA concentration after extraction with two different methods (manual and 
QIAcube) and with two different volumes (200μl and 100μl). Error bars represents mean value ±1 SD. 
The Kruskal-Wallis test showed statistically significant difference between the different groups (χ2 3 
=23.308, p = 0.000). A non-parametric post-hoc analysis with Bonferroni correction showed the 
significant difference between, M100 (median=0.7000) and Q100 (median=1.6750) (p=0.000), between 
M200 (median=0.7300) and Q100 (median=1.6750) (p=0.001), and between Q100 (median=1.6750) and 
Q200 (median=0.8406) (p=0.014).(n=10 in all groups except M100 where n=9). 

Purity measurements 
To determine if there was any difference the purity (measured at 260/280 with a nanodrop) 

between the two extraction methods and volumes, the groups (Table 1) was first made into a 

box plot to detect outliers in the values (Figure 4A).The outlier *8 in group M200 (Figure 4A) 

was removed and the new box plot was made (Figure 4B). A samples is considered pure if the 

260/280 value is 2.0.  

 

Figure 4.Box plot of the miRNA purity values (measured at 260/280 with a nanodrop) from the two 

manual extractions, one with 200μl of starting volume of plasma (M200) and one with 100μl (M100) and 

two QIAcube extractions, one with 200μl of starting volume of plasma (Q200) and one with 100μl (Q100). 

Error bars represents the 95% confidence interval. Median is displayed as the black line in the middle of 
the box. The box displays the first to third interquartile range (IQR). (A) In each group there was 10 

samples (n=10). The *8, *24 and the green dots at 6, 29 and 26 indicates outliers. The * indicates that the 

outlier is more than 3 IQR away from the edge of the box. The green dots indicate outliers which are closer 
than 3IQR. (B) In each group there was 10 values (n=10) except for the M200 group where n=9.The *24 
and the green dots at 6, 29 and 26indicates outliers.  

A Shapiro-Wilk test was performed to test the normality of the miRNA purity values (measured 

with nanodrop at 260/280). The significance level was 0.05 and no group had a value lower than 

0.05 which means that all of the values in each group were normally distributed. M200 

W(9)=0.914, p=0,344; M100 W(10)=0.889, p=0.164; Q200 W(10)=0.866, p=0.091; Q100 

W(10)=0.958, p=0.761.To test if the variance of the miRNA purity values (measured with 

nanodrop at 260/280 ) was significantly different or not a Leven´s test was performed. The 

significance level was 0.05. The p-value based on mean was p=0.03 which means that the values 

had a significantly difference in variance. In order to see if there were significant differences in 

the miRNA purity values between the different extraction methods and volumes the Kruskal-

Wallis test was used, Figure 5.  
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Figure 5. Median miRNA purity value (measured at 260/280 with nanodrop) after extraction with two 
different methods (manual and QIAcube) and with two different volumes (200 and 100). Error bars 
represents mean value ±1 SD. The Kruskal-Wallis test showed statistically significant difference between 
the different groups (χ2 3 =19.532, p = 0.000). A non-parametric post-hoc analysis with Bonferroni 
correction showed the significant difference between, Q200 (median= 1.41) and M100 (median=1.18) 
(p=0.047) and between Q200 (median=1.41) and Q100 (median= 0.84) (p=0.000). n=10 in all groups 
except M200 where n=9. 

Increased isopropanol in manual miRNA extraction 
To see if the change of isopropanol volume had an effect on the 100 μl plasma extraction a new 

manual extraction was performed where 230 μl of isopropanol was used in both the 200 μl and 

100 μl extractions, instead of using 130 μl in the 100 μl plasma extraction (Table 4). 

Table 4. The concentration and purity of the manual miRNA extraction both 200 μl and 100 μl plasma 

volume. 

Sample Concentration  
(ng/μl) 

Purity 

M1 200 1.02 1.34 

M1 100 1.32 0.65 

M2 200 0.820 1.47 

M2 100 0.860 0.76 

Turn-around – and Hands-on time 
In order to compare the time it takes to complete the two different methods and compare the 

hands-on time between the two methods, an analysis of the turn-around- and hands-on time was 

performed (Table 5) 

Table 5.The hands-on time and turn-around time for manual (M) and QIAcube (Q) extraction of miRNA 

with both 100 μl and 200 μl of plasma.  The sample group was two samples at a time.  

Extraction Hands-on time 
(minutes) 

Turn-around time 
(minutes) 

M200 13 38 

M100 12 32 

Q200 7 45 

Q100 7 41 
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Discussion 
The aim of this project was to examine if there were any differences in concentration and purity 

and hands-on time and turn-around time between manually extracting miRNA from healthy 

plasma compared to using a QIAcube to perform the extraction with the kit miRNeasy 

Serum/Plasma Advanced Kit (Qiagen). It was also to see if there was any difference in using 100 

μl compared to 200 μl as starting plasma volume.  

One minor inconvenience of this project is that the main goal is to find out how well the different 

methods extract miRNA from plasma. However, the kit used is developed to extract small RNA 

but not specifically miRNA. The kit will extract RNA molecules that have less than 40 nucleotides 

(Qiagen, 2020). The miRNAs are usually has around 22 nucleotides and will therefore be 

included but the final elution will probably contain other RNA molecules was well. Only a small 

part of the RNA in the body is actually miRNA. Therefore it is advantageous to get a high 

concentration from the extraction, this would lead to a higher chance that miRNA is present 

(Kreth, Hübner, & Hinske, 2018). The instruments used, nanodrop and qubit are also not 

equipped to differentiate between miRNA molecules and other small RNA molecules (Thermo 

Fisher Scientific, 2010; 2015)  

One thing that was done to counteract the fact that the kit did not only extract miRNA was to use 

plasma as the chosen sample substance. The miRNeasy serum/plasma advanced kit can be used 

on both serum and plasma. Plasma was chosen for two reasons. The first being that it is quicker 
to extract from whole blood, it requires about 15 minutes in a centrifuge at 16 000g while serum 

extraction requires pipetting and additional centrifugation steps (Thermo Fisher Scientific, 

2020). Later when a method is developed for the clinical laboratory it is better to have the 

fastest extraction method. The second reason is because it has been shown that plasma contains 

more miRNA then serum and since miRNA is the target of the extraction, then plasma was a 

better choice (McDonald, Milosevic, Reddi, Grebe, & Algeciras-Schimnich, 2011). 

There are not many publications about the QIAcube and very few have done some kind of 

evaluation of it. On publication that has is Bhattacharya, Das, Pandey, Harishankar, & Chandy´s 

publication from 2016. There they evaluated fungal DNA extraction with two kits, one of which 

they made an alteration to so that they in the end did three different extractions, and two 

methods, manually (two extractions) and with the help of a QIAcube (one extraction). Their 

conclusion was that the QIAcube extraction performed the poorest in both purity and 

concentration. However as mentioned they did not use the exact same kit for the comparison but 

used alterations of a kit plus different methods. For this thesis project the exact same kit and the 

same conditions (apart from the isopropanol volume) was used so that the manual and the 

QIAcube could be properly compared.  

Concentration and purity analysis 
To compare which extraction method gave the highest concentration a statistical analysis was 

performed. From the analysis it could be seen that the Q100 group gave a concentration 

significantly higher than all the other extraction groups (Figure 3). However, this does not mean 

that the other extractions groups did not yield enough miRNA for downstream applications, 

which will be needed to determine a diagnosis. One such downstream application can be Next 

Generation Sequencing (NGS) and in that case an initial concentration between 250 pg/μl and 

100 ng/μl is required according to the protocol “Quantify confidently for next-generation 

sequencing” by Thermo Fisher Scientific (2020). Another downstream application could be 

quantitative polymerase chain reaction (qPCR), and for that 20 pg or more of RNA is required 

(Varkonyi-Gasic, Wu, Wood, Walton & Hellens, 2007). All the extraction groups did generate 

concentrations higher than that.  
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When examining the concentration between the two different starting volumes of plasma in the 

manual extraction it can be seen that the manual extractions did generate similar 

concentrations, there was no significant difference between these groups.  

There was no significant difference between the manual extractions and the Q200 group either. 
It could however have been expected to be a difference here. Two studies from 2018 showed 

that when comparing an automatic work station with manual extraction the manual extraction 

did generate the best result (Mathieson, Guljar, Sanchez, Sroya & Thomas, 2018; Cornelissen et 

al., 2018). Although the studies were conducted on different kits and Mathieson et al., used DNA 

instead of RNA, it could still be expected that the same result would happen in this project. The 

fact that the Q100 group was significantly larger than all the other extraction groups does not 

correlate with the previous studies at all.  

One thing that did differentiate between the Q100 group and the other extraction groups (Q200, 

M100 and M200) was the isopropanol volume. The isopropanol was supposed to be 

proportional “one volume of isopropanol to one volume of supernatant” (Qiagen, 2020). 

However, in the QIAcube the protocol was pre-programmed and the machine did not allow the 

isopropanol volume to be changed from the default volume 230μl. In the M100 extraction the 

volume was changed from 230μl to 130μl according to the proportions, while in the Q100 

extraction the volume of isopropanol was still the default 230μl. Isopropanol is used to 

precipitate the RNA so that it will stick to the spin column; however the isopropanol will 

precipitate all RNA and is quite efficient in doing so (New England Biolabs, 2015). The fact that 

the volume could not be changed in the QIAcube was not thought of before the manual 

extractions had been finished, and then it was not possible to change the experimental design. If 

this project would be done again it would be preferred to use the same volumes for all the 

extractions so that a fair comparison could be done.  

However, since the biggest difference between the extraction groups was the isopropanol 

volume, it was decide to do one new manual extraction. Here the isopropanol volume was 230μl 

in both the M100 and M200 extractions to mimic the QIAcube conditions. In Table 4 it can be 

seen that there was slightly higher miRNA concentration in the M100 extraction compared to 

the M200 extraction, nevertheless it was not close to the same increase as in the QIAcube 

extractions (Table 2). This was only a small test but it did not generate the same increase in 

concentration which means that there should be another reason for the increased concentration 

in the QIAcube 100 μl extraction.  

The next parameter being measured was the purity of the samples and this was measured by a 

nanodrop (Table 3). In Figure 5 it can be seen that Q200 was significantly larger then M100 and 

Q100. However none of the purity values in all of the extractions did reach the value which is 

considered pure. When measuring RNA at 260/280 the value is supposed to be close to 2.0 

(Thermo Fisher, 2010). The nanodrop analyses the sample and then it calculates the 260/280 

value and also generates a spectral image of the sample purity. The curve in the spectral image 

has one clear peak when the value of the samples is 2.0. All of the extractions however, did give 

curves with more than one and weak peaks, which indicates contaminants (Desjardins & 

Conklin, 2010). 

From the purity values it can be stated that the Q200 group had the best purity value and was 

therefore the least contaminated samples, though none of the samples from any of the extraction 

groups were completely pure. One reason that the manual extraction samples were not pure 

could be because the manual exactions were performed first. Even though some test runs was 

performed, the method was still very new compared to when working with the QIAcube. When 

the QIAcube extraction started the method had already been performed more than 20 times. 
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Another reason could be that the manual extractions were performed solely on the work bench, 

while the QIAcube extractions were performed first there and then in the QIAcube, a closed 

environment.  

There was no significant difference between the manual extractions in purity. While Q200 was 
significantly different from both Q100 and M100, one reason for this might be because of the 

isopropanol. Isopropanol is a phenol and is one of the contaminants detected with the nanodrop 

(Moret et al., 2013). In all of the samples isopropanol was used but in the Q100 the volume was 

not proportional. The increased volume could lead to higher contamination. When doing the 

manual extraction with 230 μl of isopropanol in both the 100 μl and the 200 μl extraction, it 

could be seen that the purity value for the 100 μl extraction was close to the Q100 mean value. 

This could give an indication that the increase of isopropanol did affect the purity of the samples. 

Since the QIAcube protocol cannot be changed it would be better to use 200 μl in the QIAcube to 

get as pure samples as possible.  

The nanodrop result was rather low compared to the pure value of 2.0. However this could be 

explained with the fact that the concentration also was low. The nanodrop requires a 

concentration of about 2.0 ng/ μl to fully function. None of the samples did reach such a high 

concentration. This might be another reason for the purity being so low, because the 

concentration was not enough (Thermo Fisher Scientific, 2020).  

From the experiment it can be gathered that there was a significant difference in both 

concentration and purity between the QIAcube extractions and that there was only small 

differences between the manual extractions. It can be concluded that the main difference 

between the QIAcube groups was the isopropanol volume and that this affected the purity of the 

samples. If there had been more time for this project, more tests would have been done to find 

out why the concentration was larger in the Q100. It was show by the extra test on the manual 

extraction that it was not the isopropanol. Another way to improve this project would be to 

increase the sample size.  

A larger sample size usually generates more reliable results (Biau, Kernéis & Porcher, 2008). If 

the sample size is larger it is easier to get a clearer view of the true standard deviation as well. 

The standard deviation (SD) is a measurement to illustrate how a group of data is spread from 

the average (mean), the lower this value is the closer all of the data points are to the mean 

(Tilevik & Tilevik, 2018). When evaluating a new method it is always important to consider 

where the method will be used later. This method will be, if the multi marker panel is formed, 

used in clinical laboratories. If a clinical laboratory are to have this method it is important that 

the method generates samples with good purity, besides that it is also important that the result 

has a low biological variation i.e. a low SD. If the SD is high it means that the method is not very 

concise. 

From the statistical analysis it can be seen that standard deviation of the concentration was the 

lowest in both manual miRNA extractions compared to the QIAcube miRNA extractions (Table 

2). The fact that the groups had low SD means that all of the data points were clustered near the 

means value, which was expected and wished for in this experiment. While the QIAcube had 

larger SD values, the Q100 group had the highest SD mean of all the groups (Table 2). The reason 

for the big difference in SD was not found, it was first believed to be the isopropanol volume but 

after the extra test of this it was probably not the cause.  

In the purity measurements the SD was lower in all of the extractions but both the Q200 and 

M200 groups gave better SD values than the Q100 and M100 groups. This could be because of 

the isopropanol.  
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It was determined earlier that the isopropanol volume did affect the purity of the samples if it 

was not proportional, hence giving more spread out data points. It can be imagined that the 

M100 group also was affected by the isopropanol since the plasma volume was lower; it has a 

larger risk of being sensitive to small changes, and therefore giving a bit more spread out data 

points as well (Grody, Nakamura, Strom & Kiechle, 2010).  

Outliers 
In their article Pollet and van der Meij (2016) discusses the impotence of outliers and the impact 

removing them can do on the statistical significance. However in most experimental tests where 

the outlier is due to laboratory error rather than actually being a value point, the outlier can be 

removed (Kwak & Kim, 2017).  

For the first analysis of the concentration of the miRNA extractions, one outlier was found in the 

M100 group (Figure 1). The sample that was indicated had had a bit of the pellet transferred as 

well as the supernatant in step 6 of the protocol (Qiagen, 2020) since it would disturb the pellet 

even more if the supernatant was put back again it was decided to continue with the sample 

even if there was a little part of the pellet there. A pellet contains cellular material which can 

disturb the spin column extraction (Qiagen, 2020). Since it is possible that this outlier was 

caused by a laboratory mistake it was removed from the data (Kwak & Kim, 2017).  

The next analysis of the purity of the miRNA extractions had four different outliers (Figure 4). 

On was in the M200 group, this was removed on the same basis as the last one. The next outlier 

found in Q200 was removed as well, however when this one was removed another outlier 

appeared. So removing one outlier only created another. Therefore it was decided to keep that 

outlier since removing it only increased the number of outliers. 

Turn-around – and Hands-on time 
When evaluating a method both the concentration and the purity of the result are important. 

Another important aspect to look into is how much time the method acquires. Turn-around time, 

which is how long the entire process takes, and the hands-on time, which is how much time are 

spent on touching the samples.  

The turn-around time was shorter for the manual extraction (Table 5 and 6). However, even 

though the QIAcube takes longer to complete, it required less hands-on time (Table 5 and 6). 

That means that the samples were touched for less time. Less hands-on time can be preferable in 

the aspect that it means the laboratory technician could handle more samples or do another 

analysis at the same time. It also lowers the risk of contamination since there is less contact with 

the samples (Llamas, Valverde, Fehren-Schmitz, Weyrich, Cooper, &Haak, 2016). With blood 

cultures, which are used today in the clinical laboratory, there are risks of contamination as well 

(Hall & Lyman, 2006). These contaminants are usually different bacteria which will also grow in 

the media, there are ways to minimize these contaminants (Enroth et al., 2019), however, with 

the QIAcube and miRNA the risk for such contaminates would not be an issue. Although, RNA 

and DNA can be, therefore it is good to touch the samples as little as possible to minimize this 

risk.  

Another positive aspect with the QIAcube is that the turn-around time includes a wait time for 

22 minutes where the machine works, so technically new samples could be prepared or some 

other task could be done. While the manual extraction only had wait times for 3-5 minutes at a 

time, which makes the tasks that could be done limited.  However, it took the QIAcube 3 minutes 

to start and if something was incorrect inside then it would only make a small sound and have a 

note on the screen. If one was not standing by the machine it was difficult to hear.  
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Therefore, even if one does not touch the samples, another minute or so should be added to the 

hands-on time since one could not walk away before the machine had actually started.  QIAcube 

hands-on time is in practise 10 minutes instead of 7 minutes (Table 6).  

The reason for taking the time for both the 100 μl and 200 μl is because of the future use. The 
200 μl extraction includes thawing of the sample; the future application this illustrates is when 

working with a biological bank (biobank). The 100 μl extraction was performed on already 

thawed samples which are to illustrate the turn-around time when using a fresh sample.  

The aim of the research within Future diagnostics of sepsis (Ljungström et al., 2017) is to develop 

a diagnostic test to be used at the clinical laboratories and hopefully directly on fresh plasma. 

Therefore, it was of interest to have time measurements on “fresh samples” which in this case 

was pre-thawed samples instead.  One aspect to consider is that with fresh blood the plasma 

extraction will have to be done as well. This was not included in the time measurements. Blood 

extraction from a patient takes at least a few minutes and then the separation of the plasma from 

the blood takes approximately 15 to 20 minutes plus time to transfer the plasma to new tubes. 

An estimate would be that 30 to 40 minutes should be added to the turn-around time to include 

plasma extraction. 

If these times are considered it is possible to estimate how many samples that could be 

processed during one week at the clinical laboratory. Each round, 12 samples can be extracted 

with the QIAcube. The blood extraction, plasma extraction and miRNA extraction takes about 80 

minutes to complete, this means that in a workday (8 hours) six rounds can be performed. That 

means 12x6=72 samples can be processed in one day. A work week is 5 days so all in all 360 

samples can be processed in a week. Today at Unilabs in Skövde they can process around 150 

blood culture samples in a week according to H. Enroth (personal communication, May 5, 2020). 

The QIAcube extraction took 41-45 minutes, if the blood and plasma extraction is added then the 

process takes about 80 minutes. A downstream application such as qPCR has to be performed to 

get a result for the multi marker panel and would take an additional two hours. With these 

numbers in mind it would be possible to get, when the multi marker panel has been developed, a 

diagnosis within about four hours compared to 48 hours which it is today. 

Ethical considerations and impacts on society 
This project is indirectly connected to the project “Future Diagnosis of Sepsis” at the University 

of Skövde and Unilabs. However, that project has an ethical approval while this thesis project 

does not need an ethical approval. The reason that this project does not need an ethical approval 

is that the data from this project cannot be traced back to a specific individual. All of the 
participants were given a number which was written down by the project supervisor Anna-

Karin Pernestig. She is the only person with the knowledge of which number corresponds to 

which participant.  Also all of the self-assessed healthy participants gave their informed consent 

to participate in the study.  

The project “Future in Diagnostics of Sepsis” have its main goal to find a method that would 

allow for an earlier diagnosis of sepsis and this thesis project strives towards the same goal, with 

this project focusing on miRNA extraction.  

This project has investigated if a miRNA kit such as miRNeasy serum/plasma advanced kit 

would be a possible miRNA extraction method for the clinical laboratory. In the future this 

project will hopefully help scientists and clinical laboratory when choosing a method to extract 

miRNA from a patient’s plasma if miRNAs can be used as biomarkers for sepsis. With the help of 

this project it can also be determined that QIAcube could be used in the clinical laboratory. The 



15 

next step would be to try the methods on a biological bank (biobank) to see how the methods 

work on infected plasma instead of healthy plasma.  

From this project it can be established that if miRNAs can be used in a multi marker panel for 

sepsis and that the QIAcube method is instituted at the clinical laboratory at Unilabs in Skövde 
more than twice as many samples can be processed during one week which means that 

potentially twice as many patients can be saved. 

Conclusion 
In conclusion, sepsis is the cause of millions of deaths every year. There is big need for a new and 

quicker way to get an earlier diagnosis. There is still more research to be done before a multi-

marker panel for sepsis can be found. However, if miRNA is to be considered as a part of the 

multi-marker then a system such as the QIAcube can be a good option for RNA extraction. With 

such a solution there is a good chance that many lives can be saved in the future.  

  



16 

Acknowledgments 
I would like to extend my gratitude to the people who made this thesis project possible. Firstly,  

thank you to Anna-Karin Pernestig and Sanja Jurcevic for supporting me throughout this project. 

You were always there to discuss ideas or questions and in general a fantastic support all the 

time. To Anna-Karin an extra thank you for your quick responses and for constantly helping me 

to become better! Secondly thank you to the University of Skövde for facilitating the chemicals 

and materials needed for this project. To all of my teachers at the University for providing me 

with the knowledge needed to write this thesis project. I would also like to extend my gratitude 

to my gymnasie-teachers at KCM for giving me the strength, curiosity and courage to continue 

my studies. Thank you to my family for all the support that you have given me.  Finally, thank 

you to my amazing classmates for all the help, support and laugher that you all have provided 

over these three years, without you this thesis would not have been possible!  

  



17 

References 
Arroyo, J., Chevillet, J., Kroh, E., Ruf, I., Pritchard, C., Gibson, D., ... Tewari. M. (2011). Argonaute2 

complexes carry a population of circulating microRNAs independent of vesicles in human 

plasma. Proceedings Of The National Academy Of Sciences, 108(12), 5003-5008. doi: 

10.1073/pnas.1019055108 

Bhattacharya, S., Das, P., Pandey, P., Harishankar, A., & Chandy, M. (2016). A high yield DNA 

extraction method for medically important Candida species: A comparison of manual versus 

QIAcube-based automated system. Indian Journal Of Medical Microbiology, 34(4), 533. doi: 

10.4103/0255-0857.195360 

Biau, D., Kernéis, S., & Porcher, R. (2008). Statistics in Brief: The Importance of Sample Size in the 

Planning and Interpretation of Medical Research. Clinical Orthopaedics And Related 

Research, 466(9), 2282-2288. doi: 10.1007/s11999-008-0346-9 

Bone, R., Balk, R., Cerra, F., Dellinger, R., Fein, A., Knaus, W., ... Sibbald, W. (1992). Definitions for 

Sepsis and Organ Failure and Guidelines for the Use of Innovative Therapies in 

Sepsis. Chest, 101(6), 1644-1655. doi: 10.1378/chest.101.6.1644 

Chen, X., Ba, Y., Ma, L., Cai, X., Yin, Y., Wang, K., ... Zhang, C. (2008). Characterization of microRNAs 

in serum: a novel class of biomarkers for diagnosis of cancer and other diseases. Cell 

Research, 18(10), 997-1006. doi: 10.1038/cr.2008.282 

Cornelissen, M., Gall, A., van der Kuyl, A., Wymant, C., Blanquart, F., Fraser, C., & Berkhout, B. 

(2018). Workup of Human Blood Samples for Deep Sequencing of HIV-1 Genomes. Methods In 

Molecular Biology, 55-61. doi: 10.1007/978-1-4939-7683-6_5 

Correia, C., Nalpas, N., McLoughlin, K., Browne, J., Gordon, S., MacHugh, D., & Shaughnessy, R. 

(2017).Circulating microRNAs as Potential Biomarkers of Infectious Disease. Frontiers In 

Immunology, 8. doi: 10.3389/fimmu.2017.00118 

Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach H, Opal SM., ... Moreno, R. (2013). Surviving 

Sepsis Campaign: international guidelines for management of severe sepsis and septic shock. 

Intensive Care Med. (2013) 39(2):165–228. doi:10.1007/s00134-012-2769-8  

Desjardins, P., & Conklin, D. (2010). NanoDrop Microvolume Quantitation of Nucleic 

Acids. Journal Of Visualized Experiments, (-1). doi: 10.3791/2565 

Enroth, H., Retz, K., Andersson, S., Andersson, C., Svensson, K., Ljungström, L., Tilevik, D & 

Pernestig, AK. (2019). Evaluation of QuickFISH and maldiSepsityper for identification of bacteria 

in bloodstream infection. Infectious Diseases, 51(4), 249-258. doi: 

10.1080/23744235.2018.1554258 

Gaieski, D., Mikkelsen, M., Band, R., Pines, J., Massone, R., Furia, F., ... Goyal, M. (2010). Impact of 

time to antibiotics on survival in patients with severe sepsis or septic shock in whom early goal-

directed therapy was initiated in the emergency department. Critical Care Medicine, 38(4), 1045-

1053. doi: 10.1097/ccm.0b013e3181cc4824 

Grody, W., Nakamura. R., Strom. C., Kiechle. F. (2010). Molecular Diagnostics: Techniques and 

Applications for the Clinical Laboratory. London: Elsevier Inc.  



18 

Hall, K., & Lyman, J. (2006). Updated Review of Blood Culture Contamination. Clinical 

Microbiology Reviews, 19(4), 788-802. doi: 10.1128/cmr.00062-05 

Hawkins R. C. (2007). Laboratory turnaround time. The Clinical biochemist. Reviews, 28(4), 179–

194. PMID: 18392122 

IBM Corporation. (2017). IBM SPSS Statistics for Windows (version 25). [Computer software] 

Armonk, N.Y., USA 

Kingsley, S., & Bhat, B. (2017). Role of microRNAs in sepsis. Inflammation Research, 66(7), 553-

569. doi: 10.1007/s00011-017-1031-9 

Kreth, S., Hübner, M., & Hinske, L. (2018). MicroRNAs as Clinical Biomarkers and Therapeutic 

Tools in Perioperative Medicine.Anesthesia& Analgesia, 126(2), 670-681. doi: 

10.1213/ANE.0000000000002444 

Kwak, S., & Kim, J. (2017). Statistical data preparation: management of missing values and 

outliers. Korean Journal Of Anesthesiology, 70(4), 407. doi: 10.4097/kjae.2017.70.4.407 

Lawrie, C., Gal, S., Dunlop, H., Pushkaran, B., Liggins, A., Pulford, K., ... Harris, A. (2008). Detection 

of elevated levels of tumour-associated microRNAs in serum of patients with diffuse large B-cell 

lymphoma. British Journal OfHaematology, 141(5), 672-675. doi: 10.1111/j.1365-

2141.2008.07077.x 

Ljungström, L., Pernestig, A & Tilevik, D. (2017). Sepsis och framtidens diagnostik. Retrieved 

2020-02-08 at 

https://www.youtube.com/watch?time_continue=13&v=WyJI40M_pYU&feature=emb_logo 

Ljungström, L., Pernestig, A., Jacobsson, G., Andersson, R., Usener, B., & Tilevik, D. (2017). 

Diagnostic accuracy of procalcitonin, neutrophil-lymphocyte count ratio, C-reactive protein, and 

lactate in patients with suspected bacterial sepsis. PLOS ONE, 12(7), e0181704. doi: 

10.1371/journal.pone.0181704 

Llamas, B., Valverde, G., Fehren-Schmitz, L., Weyrich, L., Cooper, A., & Haak, W. (2016). From the 

field to the laboratory: Controlling DNA contamination in human ancient DNA research in the 

high-throughput sequencing era. STAR: Science & Technology Of Archaeological Research, 3(1), 1-

14. doi: 10.1080/20548923.2016.1258824 

Ma, Y., Vilanova, D., Atalar, K., Delfour, O., Edgeworth, J., Ostermann, M., ... Lord, G. 

(2013).Genome-Wide Sequencing of Cellular microRNAs Identifies a Combinatorial Expression 

Signature Diagnostic of Sepsis. Plos ONE, 8(10), e75918. doi: 10.1371/journal.pone.0075918 

Mathieson, W., Guljar, N., Sanchez, I., Sroya, M., & Thomas, G. (2018). Extracting DNA from FFPE 

Tissue Biospecimens Using User-Friendly Automated Technology: Is There an Impact on Yield or 

Quality?. Biopreservation And Biobanking, 16(3), 191-199. doi: 10.1089/bio.2018.0009 

McDonald, J., Milosevic, D., Reddi, H., Grebe, S., & Algeciras-Schimnich, A. (2011). Analysis of 

Circulating MicroRNA: Preanalytical and Analytical Challenges. Clinical Chemistry, 57(6), 833-

840. doi: 10.1373/clinchem.2010.157198 

Mitchell, P., Parkin, R., Kroh, E., Fritz, B., Wyman, S., Pogosova-Agadjanyan, E., ... Tewari. M. 

(2008). Circulating microRNAs as stable blood-based markers for cancer detection. Proceedings 

Of The National Academy Of Sciences, 105(30), 10513-10518. doi: 10.1073/pnas.0804549105 



19 

Moret, I., Sánchez-Izquierdo, D., Iborra, M., Tortosa, L., Navarro-Puche, A., Nos, P., … Beltrán, B. 

(2013). Assessing an Improved Protocol for Plasma microRNA Extraction. Plos ONE, 8(12), 

e82753. doi: 10.1371/journal.pone.0082753 

New England Biolabs. (2015). DNA Precipitation: Ethanol vs. Isopropanol. Retrieved 2020-03-17 

at: https://bitesizebio.com/2839/dna-precipitation-ethanol-vs-isopropanol/ 

O’Grady, N., Barie, P., Bartlett, J., Bleck, T., Carroll, K., Kalil, A., ... Masur, H. (2008). Guidelines for 

evaluation of new fever in critically ill adult patients: 2008 update from the American College of 

Critical Care Medicine and the Infectious Diseases Society of America. Critical Care 

Medicine, 36(4), 1330-1349. doi: 10.1097/ccm.0b013e318169eda9 

Pati, H., & Singh, G. (2012). Turnaround Time (TAT): Difference in Concept for Laboratory and 

Clinician. Indian Journal Of Hematology And Blood Transfusion, 30(2), 81-84. doi: 

10.1007/s12288-012-0214-3 

Pogribny, I. (2017). MicroRNAs as biomarkers for clinical studies. Experimental Biology And 

Medicine, 243(3), 283-290. doi: 10.1177/1535370217731291 

Pollet, T., & van der Meij, L. (2016).To Remove or not to Remove: the Impact of Outlier Handling 

on Significance Testing in Testosterone Data. Adaptive Human Behavior And Physiology, 3(1), 43-

60. doi: 10.1007/s40750-016-0050-z 

Qiagen.(2020). QIAcube. Qiagen.com, Retrieved 2020-04-21 at: 

https://www.qiagen.com/be/products/discovery-and-translational-research/dna-rna-

purification/instruments-equipment/qiacube-connect/?clear=true#orderinginformation 

Roderburg, C., Luedde, M., Vargas Cardenas, D., Vucur, M., Scholten, D., Frey, N., ... Luedde, T. 

(2013). Circulating MicroRNA-150 Serum Levels Predict Survival in Patients with Critical Illness 

and Sepsis. Plos ONE, 8(1), e54612. doi: 10.1371/journal.pone.0054612 

Rudd, K., Johnson, S., Agesa, K., Shackelford, K., Tsoi, D., Kievlan, D., ...Naghavi, M. (2020). Global, 

regional, and national sepsis incidence and mortality, 1990–2017: analysis for the Global Burden 

of Disease Study. The Lancet, 395(10219), 200-211. doi: 10.1016/s0140-6736(19)32989-7 

Singer, M., Deutschman, C., Seymour, C., Shankar-Hari, M., Annane, D., Bauer, M., ... Angus, D. 

(2016). The Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-

3). JAMA, 315(8), 801.doi: 10.1001/jama.2016.0287 

The UK Sepsis Trust, (2020), About , retrieved 2020-05-11 at https://sepsistrust.org/about/ 

Thermo Fisher Scientific. (2020), Detection technologies used for RNA/DNA quantification. 

Retrieved 2020-06-24 at https://www.thermofisher.com/se/en/home/life-science/dna-rna-

purification-analysis/nucleic-acid-

quantitation.html?gclid=Cj0KCQjwoub3BRC6ARIsABGhnyZCeebUPsSZ6Ufq9AAgchKZqw89xOxk

rnChdRQ3L5xGa2tl89olxIsaAlO8EALw_wcB&ef_id=Cj0KCQjwoub3BRC6ARIsABGhnyZCeebUPsS

Z6Ufq9AAgchKZqw89xOxkrnChdRQ3L5xGa2tl89olxIsaAlO8EALw_wcB:G:s&s_kwcid=AL!3652!3

!393988166823!e!!g!!qubit%20vs%20nanodrop&cid=bid_pca_aqb_r01_co_cp1359_pjt0000_bid

00000_0se_gaw_bt_pur_con  

Tilevik, A. & Tilevik D., (2018), Tutorial 1 for IBM SPSS v.22; Methods and Design in Life Science 

BV311G, School of Bioscience University of Skövde. Course taken autumn 2018. 



20 

Turchinovich, A., Weiz, L., Langheinz, A., & Burwinkel, B. (2011). Characterization of extracellular 

circulating microRNA. Nucleic Acids Research, 39(16), 7223-7233. doi: 10.1093/nar/gkr254 

UTMB Health, (2020), Blood Transfusion Service – Handling, Storage &Retruns. Retrieved 2020-

02-24 at: https://www.utmb.edu/bloodbank/blood-bank-transfusion-services/component-

therapy/handling-storage-returns 

Varkonyi-Gasic, E., Wu, R., Wood, M., Walton, E., & Hellens, R. (2007). Protocol: a highly sensitive 

RT-PCR method for detection and quantification of microRNAs. Plant Methods, 3(1), 12. doi: 

10.1186/1746-4811-3-12 

Weber, J., Baxter, D., Zhang, S., Huang, D., How Huang, K., &Jen Lee, M., ... Wang, K. (2010). The 

MicroRNA Spectrum in 12 Body Fluids. Clinical Chemistry, 56(11), 1733-1741. doi: 

10.1373/clinchem.2010.147405 

  



21 

Protocols 
Thermo Fisher Scientific. (2010) NannDrop 1000 Spectrophotometer: User´s manual.  Retrieved 

2020-02-20 at: http://tools.thermofisher.com/content/sfs/manuals/nd-1000-v3.8-users-

manual-8%205x11.pdf?fbclid=IwAR04CZoSj870wcZtiwnufP1Xrfh-

uZhiaCcHeWLegsgyN_FH6Rn0_tBsYdc 

Thermo Fisher Scientific. (2015), Qubit® microRNA Assay Kits :For use with the Qubit® 

Fluorometer (all models). Retrieved 2020-02-20 at: https://assets.thermofisher.com/TFS-

Assets/LSG/manuals/Qubit_microRNA_Assay_UG.pdf 

Thermo Fisher Scientific. (2020), Plasma and Serum Preparation, Retrieved 2020-03-05 at: 

https://www.thermofisher.com/se/en/home/references/protocols/cell-and-tissue-

analysis/elisa-protocol/elisa-sample-preparation-protocols/plasma-and-serum-

preparation.html?fbclid=IwAR3p8WSWGInBC8t5yb9w6hEWY9ExKjbD9b5mZ8Y9e41M4Qz0Jxy

pTOIy3PA 

Qiagen. (2017). QIAcube Protocol Sheet for miRNeasy Serum/Plasma Advaced Kit (cat. No. 

217204) 

Qiagen. (2020). miRNeasy Serum/Plasma Advaced Kit Handbook. 

  



22 

Appendices 

Appendix A 
Protocol: Purification of Total RNA, Including miRNA, From Serum and Plasma ,Qiagen, 2020- 

100 µl rewritten by Victoria Lindeberg 

1. Buffers RPL and RWT may form a precipitate upon storage. If this has happened, redissolve by 

warming the buffers and then placing them at room temperature (Qiagen, 2020). Also Make sure 

that the buffer are all room temperature (15-25 ℃) before starting the protocol (Qiagen, 2020). 

2. Prepare to thaw frozen samples. The frozen samples should be incubated at 37℃ in a water 

bath until the samples are completely thawed and salts are dissolved.  

Note:  Avoid prolonged incubation, which may compromise RNA integrity. 

3. Transfer 100 µl serum or plasma into a 2 ml microcentrifuge tube. 

Note: It is possible to process up to 600 µl of serum/plasma sample. In this case, adapt the 

volume of RPL and RPP according to Table 1. 

Table 1: Adapting Buffer RPL and RPP volumes for larger starting sample volumes 

Plasma volume Buffer RPL volume Buffer RPP volume 
100 µl 30 µl 10 µl 
200 µl 60 µl 20 µl 
400 µl 120 µl 40 µl 
600 µl 180 µl 60 µl 

 

4. Add 30 µl  Buffer RPL. Close the tube caps and vortex for >5 s. Leave at room temperature 

(15–25°C) for 3 min. 

Note: If using a volume of plasma other than 200 µl, adapt the volume of Buffer RPL according to 

Table 1. 

5. Add 10 µl Buffer RPP. Close the tube caps and mix vigorously by vortexing for >20 s. 

Incubate at room temperature for 3 min. 

Thorough mixing is important for subsequent phase separation. 

6. Centrifuge at 13 300 rpm for 3 min at room temperature to pellet the precipitate. 

Note: Supernatant should be clear and colourless. 

7. Transfer supernatant (~150 µl for 100 µl plasma) to a new microcentrifuge tube. 

Add 1 volume of isopropanol (150 µl for 100 µl plasma). Mix well by vortexing. 

8. Transfer the entire sample to an RNeasy UCP MinElute column. Close the lid, and centrifuge 

for 15 s at 10 900 rpm. Discard the flow-through into the Biohazard glass flask on the bench.  

9. Pipet 700 µl Buffer RWT onto the RNeasy UCP MinElute spin column. Close the lid, and 

centrifuge for 15 s at 10 900 rpm. Discard the flow-through into the Biohazard glass flask on the 

bench.  

Reuse the collection tube in the next step. 
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10. Pipet 500 µl Buffer RPE onto the RNeasy UCP MinElute spin column. Close the lid, and 

centrifuge for 15 s at 10 900 rpm. Discard the flow-through into the Biohazard glass flask on the 

bench.  

Reuse the collection tube in the next step. 

11. Add 500 µl of 80% ethanol to the RNeasy UCP MinElute spin column. Close the lid gently, and 

centrifuge for 2 min at 10 900 rpm to wash the spin column membrane. Discard the flow-

through into the Biohazard glass flask on the bench.  

Note: After centrifugation, carefully remove the RNeasy UCP MinElute spin column from the 

collection tube so that the column does not contact the flow-through. Otherwise, carryover of 

ethanol will occur. 

12. Place the RNeasy UCP MinElute spin column in a new 2 ml collection tube (supplied). Open 

the lid of the spin column and centrifuge at full speed (14 500 rpm) for 5 min to dry the 

membrane. Discard the flow-through into the Biohazard glass flask on the bench and the 

collection tube into the waste bin on the bench (which will later be discarded as biohazard)  

Note: To avoid damage to their lids, place the spin columns into the centrifuge with at least one 

empty position between columns. Orient the lids so that they point in a direction opposite to the 

rotation of the rotor (e.g., if the rotor rotates clockwise, orient the lids counterclockwise). 

Note: It is important to dry the spin column membrane, since residual ethanol may interfere 

with downstream reactions. Centrifugation with the lids open ensures that no ethanol is carried 

over during RNA elution. 

13. Place the RNeasy UCP MinElute spin column in a new 1.5 ml collection tube (supplied). Add 

20 µl RNase-free water directly to the center of the spin column membrane and incubate 1 min. 

Close the lid, and centrifuge for 1 min at full speed (14 500 rpm) to elute the RNA. 

Note: As little as 10 µl RNase-free water can be used for elution if a higher RNA concentration is 

required, but the yield might be reduced. Do not elute with less than 10 µl RNase-free water, as 

the spin-column membrane will not be sufficiently hydrated. The dead volume of the RNeasy 

UCP MinElute spin column is 2 µl, so elution with 20 µl RNase-free water results in an 18 µl 

eluate. (keep the volume here) 
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Appendix B 
All of the data from the manual and QIAcube miRNA extractions. 

Result Manual extraction 

In order to compare the output from two different volumes with the manual extraction, ten 

100μl and ten 200μl extractions was performed (Table1). 

Table 1.The concentration and purity of the 20 miRNA extractions done manually. S stands for sample 

and the number connects the 100μl and 200μl extraction done from the same plasma tube. The 
subheading 200 μl and 100 μlindicates that the samples beneath it was performed with that volume of 

plasma. 

Sample Qubit  
(miRNA, ng/μl) 

Nanodrop 
260/280  

Nanordop 
260/230  

200μl    

S1  0.840 1.18 0.21 

S2  0.660 1.28 0.43 

S3  0.800 1.03 0.10 

S4  0.900 1.25 0.27 

S5  0.840 1.15 0.05 

S6  0.740 1.25 0.22 

S7  0.720 1.32 0.29 

S8  0.640 1.93 0.30 

S9  0.700 0.98 0.08 

S10 0.620 1.21 0.27 

    

100 μl    

S1  0.720 0.87 0.07 

S2  0.740 1.32 0.40 

S3  0.580 0.83 0.08 

S4  0.700 1.12 0.33 

S5  0.740 0.91 0.25 

S6  0.660 1.37 0.59 

S7  0.840 0.75 0.05 

S8  0.560 0.82 0.48 

S9  Too Low 1.23 0.04 

S10 0.680 1.30 0.38 

 

Result QAIcube extractions 

In order to compare the output from two different volumes with the QIAcube extraction ten 

100μl and ten 200μl extractions was performed (Table2). 

Table 2.The concentration and purity of the 20 miRNA extractions done with the QIAcube (Qiagen). S 

stands for sample and the number connects the 100μl and 200μl extraction done from the same 

plasma tube. The subheading 200 μl and 100 μlindicates that the samples beneath it was performed with 

that volume of plasma. 

Sample Qubit  
(miRNA, ng/μl) 

Nanodrop 
260/280  

Nanordop 
260/230  

200μl    
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S11  0.840 1.41 0.34 

S12  0.840 1.51 0.22 

S13  1.03 1.41 0.21 

S14  0.680 1.34 0.40 

S15  0.996 1.06 0.32 

S16  0.660 1.40 0.10 

S17  0.800 1.18 0.17 

S18  0.860 1.40 0.33 

S19  0.640 1.42 0.20 

S20  0.560 1.55 0.27 

    

100μl    

S11  1.41 0.94 0.21 

S12  2.90 0.73 0.13 

S13  2.70 0.58 0.10 

S14  1.68 0.28 0.04 

S15  1.07 0.64 0.08 

S16  1.18 1.11 0.24 

S17  1.67 1.12 0.26 

S18  1.99 0.67 0.10 

S19  0.920 1.25 0.40 

S20  2.44 0.99 026 
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