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Abstract 
 
Sepsis is commonly caused by bacteria, fungi or both present in the blood stream during inflammation. 
In response, inflammatory cascades are released in multiple organ systems which if prolonged causes 
sepsis and can eventually lead to organ failure and death. The major diagnostic technique of sepsis is 
blood culturing. However, the technique is time consuming and lacks sensitivity; especially in patients 
under antimicrobial therapy. Molecular techniques particularly PCR could possibly become 
implemented in sepsis diagnostics in the future. The aim of the thesis was to compare the effect on 
PCR sensitivity by different PCR kits, with optimized PCR conditions to find an ideal Real-time PCR 
applicable for direct detection of rRNA or rDNA in whole blood, using the 16S rDNA gene. The study 
also surveyed the overall background flora of bacterial species circulating in the blood. During the 
optimization Haemophillus influenzae and Streptococcus pneumoniae were added to whole blood, 
rRNA or rDNA was isolated and extracted and subsequently processed by Real-time PCR. Four 
commercially available PCR kits were compared. Attempts using rRNA did not significantly increase the 
PCR sensitivity. LightCycler FastStart DNA Master SYBR Green I kit (Roche Diagnostics) used for rDNA, 
generated low cp-values, the cleanest sequences and the finest separation between amplification 
curves. Twenty whole blood and pre-cultured patient samples were processed by the optimized PCR. 
The effect on PCR sensitivity by pre-culturing patient blood samples was studied and no statistical 
difference was noted. Increased PCR sensitivity is essential for implementation of PCR techniques in 
sepsis diagnostics. 
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Popular Scientific Summary 
 
Sepsis is one of the major causes of death worldwide. The disease is a serious type of blood poisoning 
usually caused by the presence of bacteria, fungi, viruses or parasites in the blood stream. The disease 
causes patients to be in critical condition fast and rapid diagnostic techniques are needed. The current 
technique used for diagnosing patients with sepsis is blood culturing which is an old technique and 
results can take anywhere from 24-72 hours which is a significant amount of time. Blood culturing also 
struggles to determine what bacteria are present in the blood stream of patients who have previously 
received antibiotics.  
 
In this study the focus was on molecular diagnostics and primarily PCR (Polymerase Chain Reaction). 
PCR is a reaction performed by an instrument to generate many copies RNA or DNA. The PCR can spot 
almost all bacteria by the use of a specific gene (16S). Molecular techniques and specifically 
Polymerase Chain Reaction (PCR) might be the future of sepsis diagnostics. However, the technique 
has flaws which make further research extremely important for possible implementation in sepsis 
diagnostics. Research has shown that PCR will not replace the current standard diagnostic technique 
blood culturing. However, PCR could become a great addition to blood culturing to decrease the time 
for diagnosing sepsis patients and increase successful identification of bacterial species in sepsis 
patients. Running PCR and analyzing the bacteria present in blood of a patient takes about 8 hours. 
This in turn could save time, increase patient safety, decrease costs for the hospital and increase sepsis 
survival. 

To perform PCR, the genetic code of bacterial species is extracted from patient blood samples. The 
genetic code also known as RNA (single-stranded) or DNA (double stranded) is added together with a 
PCR mixture of different composition depending on the manufacturer of the mixture or PCR kit. The 
PCR mixture and the RNA or DNA template are added into a small needle sized tube(s) (for multiple 
reactions) which are inserted into a PCR instrument that in turn generates copies of the genetic code. 
Once copies are generated these copies are put together to form a DNA script which is matched against 
a database containing most DNA scripts of all bacteria. The DNA script works as a key of the bacterial 
species present. The amount of bacteria can be determined using another PCR a Droplet digital PCR. 
In the droplet digital PCR bacterial genetic code is added together with another specific mixture/kit 
designed for the droplet digital PCR. The DNA gets broken up into small droplets. 20 000 droplets are 
formed, each droplet containing bacteria generates a unique signal and by counting the droplets that 
generate a signal the number of bacteria can be determined.   

This study sought to develop a sensitive PCR for sepsis diagnostics.  The study determined which PCR 
kit that was most favorable to use and what PCR conditions to use. The study found that there was an 
increased chance of finding bacteria in patient blood by using one of the four chemical kits (one kit 
worked better than the other three kits). This kit was then used with optimal settings on the PCR 
instrument for copying genetic code extracted from bacteria in patient blood. The patient samples 
consisted of 20 regular blood samples and another 20 blood samples that were grown in broth before 
running the PCR. The different types of blood samples were used to test if pre-growing bacteria could 
generate more bacteria and higher percentage identities for identification of bacterial species. The 
result showed that it did not matter to pre-grow the bacteria as there was no statistical difference. 
Suggesting that pre-growing the bacteria is not necessary but only a limited amount of samples were 
included in the study so further research is needed.  
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Abbreviations 
 

BLAST    Basic Local Alignment Search Tool 

BLB    Bacterial Lysis Buffer 

CARS    Compensatory Anti-Inflammatory Response Syndrome  

Cp-value   Crossing Point-value 

CRP-score   C-reactive Protein Score 

ddPCR    Droplet Digital Polymerase Chain Reaction 

DNA    Deoxyribonucleic Acid 

DPO    Dual Priming Oligonucleotide 

ICU    Intensive Care Unit 

PCR     Polymerase Chain Reaction 

pmol    picomol 

RCF    Relative Centrifugal Force 

rDNA    Ribosomal Deoxyribonucleic Acid 

RNA    Ribonucleic Acid 

rRNA    Ribosomal Ribonucleic Acid 

RT-PCR    Reverse Transcriptase Polymerase Chain Reaction 

SelectNA   Select Nucleic Acid 

SIRS    Systemic Inflammatory Response Syndrome  

SOFA    Sequential Organ Failure Score 

Taq-DNA polymerase  Thermostable Deoxyribonucleic Acid Polymerase 

μl    micro liter 

UV    Ultraviolet  
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Introduction 

Sepsis 
 
The pathology of sepsis starts with the occurrence of infection by the invasion of bacteria, fungi or 
both in the blood stream. Sepsis is understood as being caused by the body’s response to an infection 
rather than by the infection itself (Liesenfeld et al., 2014). Inflammation is the response to infection to 
remove pathogens causing the infection (Signore, 2013). Inflammation is triggered by pathogens or by 
the products of tissue destruction. In the blood stream immune cells with specific surface receptors 
recognizes either pathogens or dead tissue constituents (Danikas et al., 2008). The immune cells 
usually lymphocytes bind to surface receptors on mononuclear cells releasing inflammatory cascades 
in multiple organ systems. In addition to the release of inflammatory cascades inflammatory mediators 
induce vasodilatation and upregulation of adhesion molecules. Blood cells primarily neutrophils and 
monocytes increases in the blood vessels, leukocytes become activated and lymphocytes are released. 
Cytokines stimulate coagulation; however as bacterial constituents interact with the coagulation 
system they cause disseminated intravascular coagulation which may lead to hypoperfusion and 
hypoxia. Simultaneous phagocytic activity of the neutrophils or the macrophages will eventually lead 
to organ failure and death (Van Amersfoort et al., 2003). This type of response to inflammation is also 
known as proinflammatory response released by the Systemic Inflammatory Response System (SIRS). 
SIRS releases the specific type one cytokines which causes endothelial injury and subsequent rupture 
of blood vessels (Danikas et al., 2008; Dellinger 2003).  
 
During the development of sepsis following SIRS a phase with a mixture of SIRS and Compensatory 
Anti-Inflammatory Response Syndrome (CARS) happens. The ratio of IL-10 tumor necrosis factor (TNF) 
is what distinguishes SIRS from CARS. The activation of CARS with the presence of cytokines leads to 
patients common inflammatory clinical manifestations. During the switch from SIRS to CARS both type-
1 and type-2 cytokines are being released. During CARS specifically only type-2 cytokines are being 
released. CARS causes systemic deactivation of the immune system with its function of restoring 
homeostasis. CARS is partially mediated by IL-10 which suppresses TNF expression and causes 
functional deactivation of monocytes which then no longer can produce inflammatory cytokines but 
also by the deactivation of monocytes and by that the expression of human leukocyte antigen D-
related (HLA-DR) on the cell surface diminishes. This in turn results in reduced antigen presentation on 
lymphocytes and impaired immune response. Lymphocytes are also being reduced by means of 
apoptosis. (Danikas et al., 2008; Ward et al., 2008).  
 
Respiratory infections are the most common infections that causes sepsis, however other common 
infections includes genitourinary and abdominal infections (Martin, 2012). There are certain factors 
which raises the likelihood of suffering from sepsis; site of infection, clinical interventions, genetics, 
patient age and baseline health. Sepsis can occur anytime during the life span of an individual and 
neonates are also likely to suffer from sepsis (Liesenfeld et al., 2014). Sepsis is one of the leading causes 
of deaths in hospitals worldwide. About 30 million cases of sepsis are reported annually, which is about 
300 cases among 100 000 people (Mellhammar et al., 2015)  In Europe, the number of sepsis cases and 
the mortality rate in the ICU (intensive care unit) varies between countries (Figure 1.) (Vincent et al., 
2006). Among the Swedish population the overall awareness of sepsis is low, only 21 % knew what 
sepsis was in a study that surveyed the overall awareness of sepsis in Sweden (Mellhammar et al., 
2015). 
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Figure 1. Frequency of Sepsis cases per country in Europe) in 2006 and the overall mortality rate percentage (not 

just sepsis) in the Intensive Care Unit (ICU) (Vincent et al., 2006). 

 

Diagnostics of Sepsis 
 
There has been many version in the past of what sepsis actually is which complicated the initial 
development of diagnostic methods for the disease. Today, sepsis patients are diagnosed by clinical 
presentation and fulfillment of at least two Systemic Inflammatory Response Syndrome (SIRS) 
criterions (Liesenfeld et al., 2014). The SIRS criterions include body temperature, respiration rate, heart 
beat rate and abnormalities in leukocyte count (Ratzinger et al., 2013). Blood culturing is the current 
diagnostic standard for sepsis. However, the technique is an aged technique which still has not been 
replaced. Although it is a useful technique it sometimes cannot identify organisms growing in medium. 
In fact only 30% - 60% of patients suffering from sepsis or septic shock show a positive blood culture 
result (Morgenthaler and Kostrzewa, 2015). The technique is also very time consuming as it requires 
culturing overnight and idle time for generating results. The extensive time required for the diagnostics 
and delayed onset of treatment for patients puts the successful patient recovery at risk (Rogina et al., 
2014).  
  
The low clinical sensitivity of blood culturing makes the diagnostics of patients under antimicrobial 
therapy very challenging as blood culturing often times generates false-positives (Saah and Hoover, 
1997). The molecular technique Polymerase Chain Reaction (PCR) has higher clinical sensitivity than 
blood-culturing and is more likely than blood culturing to generate positive results in patients 
previously treated with antimicrobial therapy (Schreiber et al., 2013; Chang et al., 2013 ; Ziegler et al., 
2014).  PCR is also more time effective than blood culturing. Using PCR diagnostics on its own, 
pathogens from whole blood samples can be detected in as little as eight hours (Laffler et al., 2013). 
Included in these eight hours are; the DNA extraction, running of the PCR and the identification of the 
bacterial species by sequencing. Sanger’s sequencing is a commonly used method for the identification 
of bacterial species (Tillmar et al., 2013). New methods using PCR could increase the number of 
confirmed sepsis cases (Jordana-Lluch et al., 2013).  

Although, PCR overall has higher specificity and better time efficiency, many things seem to challenge 
the implementation of PCR techniques in hospitals; commercial assays need better validations, PCR 
costs needs to decrease, PCR sensitivity needs to increase and high specificity results needs to be more 
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consistent. The sensitivity in previous studies has ranged between 61% and 90.9% with specificity 
between 70% and 100% (Schreiber et al., 2013; Liesenfeld et al., 2014; Jordana-Lluch et al., 2013).  

Current commercial PCR kits on the market include SespsiTest (Molzym), Magicplex Sepsis Real-time 
test (Seegene), VYOO (SIRSLab) and SeptiFast (Roche Diagnostics). SepsiTest (Molzym) has shown a 
diagnostic sensitivity and specificity of 87.0% and 85.8%. Magiplex Sepsis Real-time test (Seegene) has 
no reports on the validation of analytical or clinical performance. VYOO allows selective removal of 
human DNA up to 90% which increases PCR sensitivity 10-fold. The test has shown to generate positive 
results faster than some of the other tests. VYOO reported 30.1% of PCR results as positive while in 
contrast blood culturing only reported 14.5% results positive. SeptiFast (Roche Diagnostics) has shown 
to generate more positive results than blood culturing with 25% to 35% positive results in PCR in 
contrast to 13%-21% positive results in blood culturing (Liesenfeld et al., 2014). Three commercial tests 
were less prone to false positives than blood culturing. Although, there is a lack of studies comparing 
different commercial tests performance against one another and in comparison with blood culturing 
(Liesenfeld et al., 2014).  
 
In order to determine if the pathogens found in the PCR have high analytical sensitivity sequencing and 
sequence analysis is used. Sequence analysis is usually performed against a database such as BLAST 
(NCBI). Based on analysis of 1500bp the bacterial species percentage identities needs to be above 98% 
in order to be clinically accepted. When low species identities below 95% are found it is usually due to 
poor sequence alignment or lack of a sequence (Barghouthi, 2011).  
 

The 16S rDNA gene 
 
The 16S rDNA gene encoding 16S rRNA is a frequent target when analyzing bacteria using PCR (Clifford 
et al., 2012; Chakravorty et al., 2007. The gene itself is unique by its presence in almost all bacterial 
species (Janda et al., 2007). Using 16S rDNA is advantages for sepsis research as it has shown to 
increase the PCR sensitivity and most bacteria can be identified as most bacteria have multiple copies 
of this gene (Kempsell et al., 2000). The gene contains nine variable regions specific to species 
determination; regions which can all be amplified by PCR. Primers were designed to bind to the 
targeted sequence of the gene. In addition probes can be used to limit/specify the targeted DNA 
sequence (Chakravorty et al., 2007). Short segments of these hyper variable regions can then be 
matched together to identify bacterial species in a process called sequencing and sequence analysis 
(Chakravorty et al., 2007; Clifford et al., 2012). Unfortunately, Broad Range 16S rDNA PCR is extremely 
sensitive to contamination and it is not unlikely that bacteria from the environment are found during 
sequencing (Tanner et al., 1998). Also, generating species identities based on 16S rDNA sequences is 
not always successful due to that different bacteria contains sequences similar to sequences found 
within the gene 16S (Rantakokko-Jalava et al., 2000). 

 
Polymerase Chain Reaction (PCR) 
 
Polymerase Chain Reaction (PCR) uses previously extracted bacterial DNA template. One DNA 
molecule produces two copies and continues to produce many more copies exponentially. PCR consists 
of three major steps; denaturation, annealing and extension. Denaturation is the separation of double 
stranded DNA into single stranded DNA as heat is being applied.  Annealing is the process when 
forward and reverse primers attach to the respective single stranded DNA template strands at 50˚C-
60˚C, at 72˚C, Taq-polymerase extends the DNA strand by adding available DNA molecules/nucleotides 
to the end of the annealed primers. The extension step is what generates all the copies (DNA 
amplification) (Joshi et al., 2010).  

During the amplification (generation of DNA copies) cp-values (crossing-point values) are generated.  
A cp-value is an indication of the cycle where DNA is significantly amplified and is usually a good pointer 
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of pathogen load. The cp-value is also more commonly known as the ct-value (cycle threshold). The 
more target DNA present in a sample the lower the cp-value (Ziegler et al., 2014). The amplification is 
also monitored by fluorescent monitoring of product yield by the transfer of fluorescence energy 
between fluorophores as SYBRGreen attaches to the minor grove of the double stranded DNA. 
Fluorescence hybridization probes of SYBRGreen are neighboring sequences with fluorophores at 
adjacent ends.  A melting curve is generated by fluorescence from SYBRGreen as well. The melting 
curve eases the detection of unspecific amplification (Howell et al., 2002). 

Four different types of real-time PCR were used in this study; 16S rRNA RT-PCR, Broad Range 16S rDNA 
PCR, multiplex in-house PCR and droplet digital PCR. Broad range PCR targets any bacteria present in 
a sample during the amplification while the multiplex in house PCR detects multiple specific DNA target 
sequences in the same reaction. The specific DNA target sequences in this research were Haemophillus 
influenzae and Streptococcus pneumoniae so the multiplex PCR used was a duplex PCR in this case 
(Jeng et al., 2012; Elnifro et al., 2000).  Droplet digital PCR separates a single bacterial sample into 
millions of nano or picoliter sized droplets. A fluorescence detector detects fluorescence from droplets 
containing sample DNA. Droplets containing sample DNA are counted to estimate bacterial 
concentration and each bacterial sample concentration per milliliter is calculated. Underestimating the 
number of positive droplets is possible given that a positive droplet cannot differentiate between the 
numbers of molecules present in each partition (Takahashi et al., 2014). Using Poisson’s equation it is 
possible to account for the number of negative droplets. Poisson’s distribution can be used to 
determine the number of positive droplets to generate a high-confidence measurement of the original 
concentration of the sample DNA. The method has shown to be very effective in targeting low-copy-
number genes (Hayden et al., 2013).  

PCR is at high contamination risk. Contamination can be avoided by the use reagents free of bacterial 
DNA and in addition UV-light can be applied. The use of DNA free reagents should always be 
deliberated with the possible loss of PCR sensitivity (Corless et al., 2000). PCR amplification requires 
specific primers that have been carefully selected to avoid cross-reactivity (Kommedal et al., 2012). 
Contamination can make species identification during sequencing complicated. Sequencing of 
bacterial DNA amplified by the PCR allows for species determination.  

In this study the potential of further implementation molecular techniques and specifically Polymerase 
Chain Reaction (PCR) in sepsis diagnostics was examined. The major part of the study focused on 
optimizing PCR sensitivity using whole blood. The final part of the study compared if there was a 
difference in PCR sensitivity using whole blood in contrast to pre-cultured blood samples. Pre-cultured 
blood samples have previously shown to increase PCR sensitivity (Zhou and Pollard, 2010). 
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Aim 
 
The aim of the thesis was to compare the effect on PCR sensitivity by different PCR kits, with optimized 
PCR conditions to find an ideal real-time PCR applicable for direct detection of rRNA or rDNA in whole 
blood, using the 16S rDNA gene. The study also aimed to survey the overall background flora of 
bacterial species circulating in the blood stream. Quantification of rDNA was of interest for 
determination of the lowest detection level of bacteria in blood. Effects on PCR sensitivity by means 
of pre-culturing blood samples in contrast to running PCR directly on whole blood samples was 
assessed. The study intended to increase the awareness of the benefits of molecular techniques and 
particularly PCR. The study hopes to evoke further implementation of molecular diagnostic techniques 
in sepsis diagnostics.  
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Materials and Methods 

General 
 
The thesis project studied the bacterial composition in blood of 20 patients with suspected sepsis. The 
study was part of an ongoing study of 800 patients. In the study there was no comparison between 
gender, diagnostics or place from which the blood samples were collected. The study was ethically 
approved on 09/18/2014 by the Regional Ethics Committee in Uppsala, Sweden (Regionala 
Etikprövningsnämnden Uppsala) Dnr: 2014/193.  

 
Patient Blood Samples  
 
Blood samples from patients were collected at the university hospital in Örebro, Sweden. During the 
collection of blood samples two pairs of blood-cultures; four blood-culture bottles per patient for a 
total of 40 ml of blood were collected according to routine practice.  Upon approval of the patient or 
by a significant other an extra blood culture (20 ml) was collected for research.  For each pair of blood 
cultures a volume of 8-10 ml of venous blood was inoculated in one Bactec Aerobic/F bottle and in one 
Bactec Plus Anaerobic /F bottle. The blood-culture bottles were incubated in a Bactec blood culturing 
system (Becton Dickinson and Company, Sparks, MD, USA) until positive, but no longer than six days. 
In the study an additional Bactec Aerobic/F bottle (for pre-cultured samples) was cultured for four 
hours. Both pre-cultured and whole blood samples were stored at -70˚C for approximately one year. 
 
In this study 20 patients with suspected sepsis were included. Out of the 20 patients 10 patients had a 
positive blood culture and 10 patients had a negative blood culture.  The total number of blood samples 
processed was 40 blood samples; 20 blood samples that were pre-cultured and 20 whole blood 
samples, the DNA of the blood samples was isolated and extracted before running PCR, sequences 
were generated and analyzed for determination of species identities and droplet digital PCR (ddPCR) 
was used to quantify the bacterial detection limit (Figure 2.).  
 

 

Figure 2. Flowchart of methods used for the patient samples. 
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Optimization 

DNA Extraction 
 
During the optimization two bacterial strains were used; Haemophilus influenzae (CCUG: 33391) and 
Streptococcus pneumoniae (CCUG: 33638). H. influenzae and S. pneumoniae were grown on media 
overnight. Two to four bacterial colonies were picked from each bacterial plate and transferred into 
separate tubes containing Bacterial Lysis Buffer (BLB) (Roche Diagnostics, Germany) or whole blood 
from a healthy blood donor. Both H.influenzae and S. pneumoniae samples were further diluted. 
Sample dilution factors included; 10-2, 10-3, 10-4, 10-5, 10-6, 10-7, 10-8.  Negative controls containing only 
blood or UV-radiated water were also prepared. SelectNA Blood Pathogen Kit (Molzym) was used to 
isolate rDNA from 1 ml blood samples. SelectNA Blood Pathogen Kit (Molzym) and SelectNA add-on kit 
(Molzym) were used together to isolate rDNA from the 5 ml blood samples. The samples isolated with 
SelectNA add-on kit followed the protocol Add-On 10 DNA isolation (Molzym) with exception for the 
centrifugation step where Sigma Laboratory Centrifuge 4K15 (Sigma Laborzentrifugen GmbH) at 20˚C 
for 25 minutes using 5554 RCF was used instead. DNA isolated by SelectNA kits was extracted using 
Arrow robot (Diazorin). DNA isolated from bacterial suspensions in BLB was isolated using MagNA Pure 
Compact Nucleic Acid Isolation Kit 1 (Roche Diagnostics) and extracted by MagNA Pure Compact robot 
(Roche Diagnostics). The different DNA extractions are shown in Table 1. Extracted DNA template was 
stored in the freezer at -20˚C until intended use for optimization of PCR sensitivity.  Additional bacterial 
blood suspensions to be isolated and extracted at a later time were stored in the freezer at -70˚C. 
 
Table 1. DNA Extractions & Sample Volume(s)  

  

MagNA Pure Compact 

Nucleic Acid Isolation Kit 1 

 

SelectNA Blood 

Pathogen Kit  

 

SelectNA 

Blood 

Pathogen Kit 

+ Add-On Kit  

Suspension & Volume(s)                     BLB 0.2 ml                                    W 1 ml                    W 5 ml 

Sample Dilutions            

10-2 x x  

10-3 x x  

10-4 x x x 

10-5  x x 

10-6  x x 

10-7  x x 

10-8  x x 

1W=Whole Blood  

2Samples extracted are marked with (x) 

3Bacterial Lysis Buffer (BLB) 
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Real-Time PCR 
 
Four different PCR kits were tested for the amplification of the 16S rDNA gene. Attempts were made 
to amplify DNA from both rRNA and rDNA using two different types of real-time PCRs; 16S rRNA 
Reverse-Transcriptase (RT-PCR) and 16S rDNA Broad Range PCR. 15 μl PCR mixture of varied 
composition (depending on the kit used) was pipetted into 20 μl glass-capillaries together with 5 μl of 
rRNA/rDNA-template. rRNA/rDNA was analyzed using Light Cycler 2.0 system (Roche Diagnostics). 
Results generated by the Real-time 16S rRNA RT-PCR and the 16S rDNA Broad Range PCR were 
compared to a real-time multiplex reference PCR with specific primers and probes for H. influenzae 
and S. pneumoniae (Thulin Hedberg. et al, 2009).  

The first tests were performed using rRNA and 16S RT-PCR. The PCR kits used were KAPA SYBR FAST 
One-Step qRT-PCR (KapaBiosystems) and SuperScript® III One-Step RT-PCR System with Platinum® Taq 
DNA polymerase (Thermofischer Scientific).  PCR conditions for both PCR kits were set according to 
manufacturer’s instructions (KapaBiosystems; Thermofischer Scientific).  

Continuing on after results had shown that rRNA was not optimal to use, tests were performed 
targeting rDNA using 16S Broad Range rDNA PCR. The PCR kits tested were LightCycler FastStart DNA 
Master SYBR Green I kit (Roche Diagnostics) and Mastermix 16S Basic (Molzym). LightCycler FastStart 
DNA Master SYBR Green I kit (Roche Diagnostics) contained 2.0 μl Mastermix SYBRGreen (Roche 
Diagnostics), 4.0 mM of 25 mM MgCl2, 0.4 μl primer mix 16SDPO mod F/R (Table 2.), 10.2 μl PCR graded 
Light Cycler FastStart Master HybProbe water (Roche Diagnostics GmbH). Mastermix 16S Basic 
(Molzym) contained; 8.0 μl 2.5x Mastermix, 0.8 μl MolTaq 16S DNA polymerase, 2.0 μl 10x DNA-
staining solution and 3.8 μl DNA-free water (Molzym) and 0.4 μl primer mixture 16SDPO mod F/R 
(Table 2.). The primers used in all four PCR mixtures were 16S DPO mod F/R (Table 2.) Primer mixtures 
and water in all 16S PCR mixtures were UV-radiated at 312 nm for fifteen minutes; MgCl2 was UV-
radiated at 312 nm for fifteen minutes in the mixtures that included that.  

The PCR conditions for both kits were modified several times during the optimization to increase PCR 
sensitivity. Different annealing and extension times were tested; amplification at 72˚C was extended 
to 15 seconds, 20 seconds, 30 seconds and 40 seconds. Amplification at 95˚C was extended to 30 and 
40 seconds times 45 cycles when amplification at 72˚C was set to 20 seconds. The most sensitive PCR 
was found using LightCycler FastStart DNA Master SYBR Green I kit (Roche Diagnostics) and conditions 
were according to following; activation at 95˚C for ten minutes, amplification for 45 cycles at 95˚C for 
5 seconds; 60˚C for varies; 72˚C for 5 seconds, melting at 65˚C for 1˚C/sec and cooling at 40˚C for 30 
seconds. 
 
Table 2. 16S DPO PCR primers  

 
Primer Name Primer Sequence 

16SDPO-forward 5’-AGAGTTTGATCMTGGCTCA-I-I-I-I-I-AACGCT-3’ 
16SDPO-reverse  5’-CGCGGCTGCTGGCA-I-I-I-A-I-TTRGC-3’ 

1 deoxyinosine (can bind all bases), M=A or C, R =A or G. Primers were synthesized by Sigma-Aldrich   
 
Sequencing and Sequencing Analysis 
 
A number of samples amplified in Light Cycler 2.0 system (Roche Diagnostics) were chosen for Sanger 
sequencing with regard to their cp-values and amplification positivity curves generated by Light Cycler 
2.0 software (Roche Diagnostics). The optimized 16S rDNA Broad Range PCR was compared to the 
multiplex reference PCR when choosing samples to sequence. The samples chosen ranged from highly 
concentrated samples to highly diluted samples. The highly diluted samples were of specific interest 
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as these contained very little bacterial DNA that could possibly generate a positive result with high 
species identity.  
The PCR product was purified using High Pure PCR product purification kit according to the 
manufactures instructions (Roche Diagnostics). The purified PCR product was pipetted into a 96-well 
plate together with a master mix. Each master mix (forward and reverse) contained 1.6 pmol 16S DPO 
mod F/R primers (Table 2.), 2 μl BigDye Terminator v3.1 (Applied Biosystems) and 1 μl BigDye 
Terminator Sequencing buffer v1.1/3.1 (Applied Biosystems).  

The 96-well plate was cycled by 2720 Thermal Cycler (Applied Biosystems) for 25 cycles at 96 o C for 
ten seconds, 60oC for five seconds and 60oC for four minutes. The cycle sequencing products were 
purified by NaAc precipitation using 1 μl of 3M NaAc pH 4.6 and 25 μl of 95% ethanol. The plate was 
refrigerated at 4oC for fifteen minutes for precipitation of the samples. The DNA was centrifuged at 
2210xg for 30 minutes to spin down the DNA to the bottom of the wells. The remaining liquid was 
discarded and the precipitated DNA was washed using 75 μl of 70% ethanol followed by centrifugation 
at 2210xg for ten minutes. Any remaining liquid was discarded and 10 μl of formamide (Applied 
Biosystems) was added to each of the samples to dissolve the precipitate/pellet. 

The samples were analyzed by AB13500 Genetic Analyzer (Applied Biosystems) and DNA sequences 
were generated. The forward and reverse sequences were added together and the nucleotide 
sequences were corrected in ChromasPro v1.33 (Technelysium) before the sequences were compared 
for species identification in the database Basic Local Alignment Search Tool (BLAST) and in RIPSEQ. 

Droplet Digital PCR (ddPCR) 
 
Quantification of some samples was performed to determine the detection level of the optimized PCR.  
Specific ddPCRs were used for H. influenzae and S. Pneumoniae. The primers used were the same as 
the primers used in the specific multiplex in-house PCR (Hedberg Thulin et al., 2009) and with the 
following probes: H. influenzae (5‘ 6-FAM-ACGTCGTGCAGATGCAGT-MGB 3’(Life Technologies)  S. 
pneumoniae (5‘ 6-FAM-AGCTGGAATTAAAACGCACGAG-MGBNFQ 3’(Life Technologies). A 15 µl 
mastermix was prepared using 1x Supermix (ddPCR supermix for probes, Bio-Rad Laboratories), 0.9 
µM forward and reverse primers, 0.25 µM probe and PCR graded Light Cycler FastStart Master 
HybProbe water (Roche Diagnostics GmbH). 5 µl template was pipetted together with the 15 µl 
mastermix and 70 µl droplet generator-oil (Droplet generator oil for probes, Bio-Rad Laboratories) for 
processing in QX200 droplet generator. Up to 20 000 Droplets were generated in the QX200 droplet 
generator. Droplets formed were transferred into a 96-well plate, subsequently covered by a foil. The 
plate was loaded into a CFX96 (Bio-Rad Laboratories) for amplification of the target DNA according to 
following; pre-heating at 95 °C for 10 minutes, enzyme activation, 40 cycles of denaturation of the 
samples at 94 °C for 30 seconds and combined annealing, extension at 59°C for one minute, 
deactivation of the enzymes at 98 °C for 10 minutes before the samples were cooled to 4 °C. Upon 
completion the droplets were read on a QX200 droplet reader (Bio-Rad Laboratories) and analyzed 
using QuantaSoft software (Bio-Rad Laboratories). 

Analysis of Patient Samples 
 
DNA from patient samples was isolated using SelectNA blood pathogen kit (Molzym) and add-on kit 
(Molzym) followed by extraction in Arrow robot (Diazorin). 16S rDNA Broad Range PCR was used for 
all patient samples and the PCR kit LightCycler FastStart DNA Master SYBR Green I kit (Roche 
Diagnostics). The primers used were 16S DPO Primers (Table 2.) Optimized PCR conditions were 95˚C 
for ten minutes, amplification for 45 cycles at 95˚C for 5 seconds; 60˚C for 20 seconds; 72˚C for 20 
seconds, melting at 65˚C for 1˚C/sec and cooling at 40˚C for 30 seconds. Both pre-cultured samples 
and whole blood samples were processed to determine if there was a difference in PCR sensitivity and 
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species identification between pre-cultured samples and whole blood samples. The patient samples 
sequences were analyzed using BLAST (NCBI) and Ripseq (Pathogenomix). 
 

Statistics 
 
Statistical analyses were performed R (R Core Team (2016). R: A language and environment for 
statistical computing. R Foundation for Statistical Computing, Vienna, Austria. URL http://www.R-
project.org/). All statistical tests had a significance level of 0.05. One-way ANOVA analyses were used 
to compare the performance of each rRNA and rDNA PCR kits. Before performing the one-way ANOVA 
sevreal tests were performed to make sure that the data passed the assumptions for using one-way 
ANOVA. Shapiro Wilk’s test was performed, Levene’s test or comparison of the difference between 
the standard deviations between the groups used. When the result of the One-way ANOVA was signific 
Post Hoc test (Tukey’s test) was used. Post Hoc (Tukey’s test) analyzed the equality of variances of the 
cp-values of the rRNA or rDNA PCR kits. The samples included in the one-way ANOVA analysis for the 
rRNA cp-values included; concentrated and 10-2 H. influenzae and S. pneumoniae. The reason for using 
concentrated and 10-2 samples was that these samples were the only whole blood samples processed 
using RT-PCR. Therefore, no other samples were available for comparison from the trials using RT-PCR. 
The rRNA PCR kits; and SuperScript® III One-Step RT-PCR System with Platinum® Taq DNA polymerase 
(Thermofischer Scientific) and KAPA SYBR FAST One-Step qRT-PCR (KapaBiosystems) were compared 
with the specific multiplex in-house reference PCR (Hedberg Thulin et al., 2009). The rDNA PCR kits; 
Mastermix 16S Basic Kit (Molzym) and LightCycler FastStart DNA Master SYBR Green I kit (Roche 
Diagnostics) were also analyzed and compared with the specific multiplex in-house reference PCR 
(Hedberg Thulin et al., 2009). For rDNA PCR kits all samples from the most successful trials were 
included in the analyses. The mean of the cp-values of each rDNA PCR kit was compared to the bacterial 
specific means of the cp-values for each rDNA PCR kit. 

Droplet digital PCR was reported by the average number of droplets formed for H. influenzae and S. 
pneumoniae respectively. Shapiro Wilk’s test was used to check the normality of the data of different 
extraction blood volumes; 1 ml in contrast to 5 ml whole blood. Levene’s test was used to check the 
equality of the variances. A paired t-test was used to compare if there was a significant difference 
between the cp-values of different extraction blood volumes; 1 ml in contrast to 5 ml whole blood.  
The means and the standard deviation of the cp-values were also calculated. Shapiro Wilk’s test was 
used to check the normality of the patient samples cp-values and Levene’s test was used to check the 
equality of the variances. A paired t-test was used for both pre-cultured and whole blood patient 
samples to determine if there was a significant difference between the groups. The standard deviation 
and the mean were also calculated. 
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Results 

Optimization 
 
During the trials performed to increase PCR sensitivity using rRNA, the PCR sensitivity did not increase. 
Overall rRNA cp-values were high and the separations between the blood samples amplification curves 
were poor. The means of the cp-values were; 29.87 for SuperScript® III One-Step RT-PCR System with 
Platinum® Taq DNA polymerase (Thermofischer Scientific), 21.79 for KAPA SYBR FAST One-Step qRT-
PCR (KapaBiosystems) and 19.95 for the specific in-house reference PCR (Hedberg Thulin et al., 2009). 
According to Levene’s test the data fulfilled the assumption that the groups had equal variances 
p=0.21. The samples were independent. Shapiro-Wilk’s test showed that the data was normally 
distributed W=0.09, p=0.09. One-way ANOVA showed a significant difference between at least one 
mean of the cp-values for rRNA F=6.73, p=0.02. Post Hoc test (Tukey´s test) showed that when the 
specific in-house reference PCR (Hedberg Thulin et al., 2009) was compared to the SuperScript® III 
One-Step RT-PCR System with Platinum® Taq DNA polymerase (Thermofischer Scientific) there was a 
significant difference in the means, p=0.02. A 95% confidence interval was used which did not include 
the value zero, also reporting that there was a significant difference between the specific in-house 
reference PCR (Hedberg Thulin et al., 2009) and the SuperScript® III One-Step RT-PCR System with 
Platinum® Taq DNA polymerase (Thermofischer Scientific).  
 
When comparing the specific in-house reference PCR (Hedberg Thulin et al., 2009) to KAPA SYBR FAST 
One-Step qRT-PCR (KapaBiosystems) there was not a significant difference between the means, p= 
0.80. The mean difference in cp-values was -1.83 with a 95% confidence that the “true” mean in cp-
values between the specific in-house reference PCR (Hedberg Thulin et al., 2009) and KAPA SYBR FAST 
One-Step qRT-PCR (KapaBiosystems) was in the range -9.87 and 6.20. Since this interval included the 
value zero, there was no significant difference between the specific in-house reference PCR (Hedberg 
Thulin et al., 2009) and KAPA SYBR FAST One-Step qRT-PCR (KapaBiosystems).  
 
When comparing SuperScript® III One-Step RT-PCR System with Platinum® Taq DNA polymerase 
(Thermofischer Scientific) and KAPA SYBR FAST One-Step qRT-PCR (KapaBiosystems) there was a 
significant difference in the means, p=0.05. The 95% confidence interval did not include the value zero, 
reporting that here was a significant difference between SuperScript® III One-Step RT-PCR System with 
Platinum® Taq DNA polymerase (Thermofischer Scientific) and SYBR FAST One-Step qRT-PCR 
(KapaBiosystems). The results can be seen below (Figure 3). 
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Figure 3. Comparison of cp-values and PCR kit performance using SuperScript® III One-Step RT-PCR 
System with Platinum® Taq DNA polymerase (Thermofischer Scientific), KAPA SYBR FAST One-Step 
qRT-PCR (KapaBiosystems) = KAPA and the specific multiplex in-house reference PCR (Hedberg Thulin 
et al., 2009. Bars represent mean value ± 1 SD. Statistical significance was determined by one-way 
ANOVA (F2, 9 = 6.73, p=0.02), followed by Tukey’s post-hoc test (n=4 in each group). Asterisks denote 
significant differences (** p<0.05). 

rDNA was used in the major part of the study since the PCR kits tested using rRNA did not generate 
lower cp-values than the specific multiplex in-house reference PCR (Hedberg Thulin et al., 2009) 
(Figure3). PCR sensitivity using rDNA differed depending on the PCR kit used. The most sensitive PCR 
using rDNA was found using Light Cycler FastStart DNA Master SYBR Green I kit (Roche Diagnostics) 
with the following PCR conditions; activation at 95˚C for ten minutes, amplification for 45 cycles at 
95˚C 5s; 60˚C 20s; 72˚C for 20s, melting at 65˚C for 1˚C/sec and cooling at 40˚C for 30 seconds. The 
mean cp-value for Mastermix 16S Basic Kit (Molzym) was 28.77, the mean cp-value for LightCycler 
FastStart DNA Master SYBR Green I kit (Roche Diagnostics) was 33.42 and the mean cp-value for the 
specific multiplex in-house reference PCR (Hedberg Thulin et al., 2009) was 32.08. The cp-values had 
equal variances as the difference between the smallest standard deviation of Mastermix 16S Basic Kit 
(Molzym) 2.09 and the biggest standard deviation of LightCycler FastStart DNA Master SYBR Green I 
kit (Roche Diagnostics) 4.03 was smaller than 2. The samples were independent. Shapiro-Wilk’s test 
showed that the data was normally distributed W=0.97, p=0.32. One-way ANOVA showed a significant 
difference between at least one means of the cp-values for rDNA F=7.08, p=0.002.  
 
Post Hoc test (Tukey´s test) reported that when the specific in-house reference PCR (Hedberg Thulin 
et al., 2009) was compared to Mastermix 16S Basic Kit (Molzym) there was a significant difference in 
the means, p=0.02. Also, using a 95% confidence interval that did not include the value zero reported 
a significant difference between the specific in-house reference PCR (Hedberg Thulin et al., 2009) and 
Mastermix 16S Basic Kit (Molzym). When the specific in-house reference PCR (Hedberg Thulin et al., 
2009) was compared to LightCycler FastStart DNA Master SYBR Green I kit (Roche Diagnostics) there 
was not a significant difference between the means, p-value of 0.69. The mean difference in cp-values 
was 0.97 with a 95% confidence that the “true” mean in cp-values between the specific in-house 
reference PCR (Hedberg Thulin et al., 2009) and LightCycler FastStart DNA Master SYBR Green I kit 
(Roche Diagnostics) was in the range -1.90 to 3.84. Since this interval included the value zero, the result 
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that there was no significant difference between the control and LightCycler FastStart DNA Master 
SYBR Green I kit (Roche Diagnostics) was supported. However, even if there was no significant 
difference in the mean cp-values between the specific in-house reference PCR (Hedberg Thulin et al., 
2009) and LightCycler FastStart DNA Master SYBR Green I kit (Roche Diagnostics), the LightCycler 
FastStart DNA Master SYBR Green I kit (Roche Diagnostics) generated better separation between the 
amplification curves.  
 
When comparing Mastermix 16S Basic Kit (Molzym) and LightCycler FastStart DNA Master SYBR Green 
I kit (Roche Diagnostics) with each other there was a significant difference in the means, p=0.002. The 
95% confidence interval did not include the value zero, supporting that here was a significant 
difference between Mastermix 16S Basic Kit (Molzym) and LightCycler FastStart DNA Master SYBR 
Green I kit (Roche Diagnostics). The results can be seen below (Figure 4). 

 

Figure 4. Comparison of cp-values and PCR kit performance using Mastermix 16S Basic Kit (Molzym), 
LightCycler FastStart DNA Master SYBR Green I kit (Roche Diagnostics) and the specific multiplex in-
house reference PCR (Hedberg Thulin et al., 2009. Bars represent mean value ± 1 SD. Statistical 
significance was determined by one-way ANOVA (F2, 45 = 7.08, p=0.002), followed by Tukey’s post-hoc 
test (n=16 in each group). Asterisks denote significant differences (** p<0.05). 

The mean of the cp-values of the samples that were run using Mastermix 16S Basic Kit (Molzym) were 
lower than the mean cp-values of the samples run using LightCycler FastStart DNA Master SYBR Green 
I kit (Roche Diagnostics). However, the bacterial species specific means of the cp-values for Mastermix 
16S Basic Kit (Molzym) samples were; 28.06 for H. influenzae and 29.48 for S. pneumoniae. The 
bacterial specific means of the cp-values using LightCycler FastStart DNA Master SYBR Green I kit 
(Roche Diagnostics) were; 31.649 for H. Influenzae and 35.191 for S. pneumoniae. The bacterial specific 
means of the cp values for the specific multiplex in-house reference PCR (Hedberg Thulin et al., 2009) 
were; 30.70 for H.influenzae and 33.46 for S.pneumoniae. The greater difference between the means 
of the cp-values of the two bacteria of using LightCycler FastStart DNA Master SYBR Green I kit (Roche 
Diagnostics) allowed for greater separation between the amplification curves than Mastermix 16S 
Basic Kit (Molzym). 
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Other findings where LightCycler FastStart DNA Master SYBR Green I kit (Roche Diagnostics) showed 
higher sensitivity than Mastermix 16S Basic Kit (Molzym) included higher bacterial species percentage 
identities possibly due to that LightCycler FastStart DNA Master SYBR Green I kit (Roche Diagnostics)  
seemed to have the lowest amount of background DNA present in the PCR kit from the beginning.  
LightCycler FastStart DNA Master SYBR Green I kit (Roche Diagnostics) sequences were overall clean 
sequences and the kit amplified the lowest sample dilutions H. influenzae 10-8 and S. pneumonaie 10-

7. The lowest sample dilutions amplified using Mastermix 16S Basic (Molzym) were H. influenzae 10-7 
and S. pneumoniae 10-7. Based on all of these findings LightCycler FastStart DNA Master SYBR Green I 
kit (Roche Diagnostics) made the PCR more sensitive than Mastermix 16S Basic Kit (Molzym). 

During the analysis of cp-values generated from different extraction volumes of blood, 5 ml and 1 ml 
blood volume extractions were compared (Figure 7) appendix 1. Shapiro-Wilk test showed that the cp-
values of the data used in the analysis were normally distributed W=0.90, p=0.09. Levene’s test 
reported that there were equal variances between the groups p=0.98. The samples used were paired 
and on a ratio scale. A paired t-test was conducted to determine whether there was a statistically 
significant mean difference in cp-values between the 5 ml and 1 ml extraction blood volumes. The 
mean cp-value in the 5 ml blood sample group (32.19 ± 3.86), as opposed to the 1ml blood sample 
group (31.86 ± 3.41) was not significantly different -2.43 (95% CI, -0.85 to 1.51), t7 = 0.66, p = 0.53. The 
95% confidence interval showed that with 95% confidence the true difference between the mean 
values of the two groups was in the range of -0.85 to 1.51. Thus, this range included the value zero, 
there was no significant difference between the means of the two groups. Although more species were 
identified during sequencing from samples extracted from 5 ml whole blood in contrast to 1 ml whole 
blood.  
 
The cycle threshold for all samples was set at 40.00 during the PCR. Samples with cp-values above 
35.00 rarely yielded species identities with clinical relevance (98% species identity or higher) during 
sequence analysis. Sample cp-values above 35.00 generally lead to the conclusion that the chance of 
finding clinically relevant species identities was very small. However, when samples with higher cp-
values showed similar cp-values to the specific multiplex in-house reference PCR (Hedberg Thulin et 
al., 2009) specific for H. influenzae and S.pneumoniae these samples were included for further 
sequencing and sequence analysis. Many of these samples with higher cp-values did yield high 
percentage identities.  
 
Droplet digital PCR determined the detection levels for the bacteria by quantifying the number of 
copies of both H. influenzae and S. pneumoniae. Bacterial species identities were found in BLAST for 
H. influenzae 10-7 5ml and S.pneumoniae 10-5 5 ml and both were included in the droplet digital PCR 
analysis. The first sample of H. influenzae 10-7 had 13.4 copies/20 μl well and 30 bacteria per ml blood. 
The second sample of H. influenzae 10-7 had 8.6 copies/20 μl well and 19 bacteria per ml blood. The 
average number of copies/ ml of blood for the analyzed sample dilutions; H.influenzae were 24.5 (24) 
copies/ml of blood. The first sample of S.pneumoniae 10-5 had 112 copies/20 μl well and 448 bacteria 
per ml blood. The second sample of S.pneumoniae 10-5 had 122 copies/20 μl well and 488 bacteria per 
ml blood.  

The average number of copies/ ml of blood for the analyzed sample dilutions; S.pneumoniae were 468 
copies/ ml of blood. Based on these averages the lowest detection levels were determined to 2.45 (2) 
copies/ ml blood for H. influenzae 10-8 5 ml and 4.68 (4) copies/ml of blood for S.pneumoniae 10-7 5 ml. 
 

Patient Samples  
 
All patient samples were sequenced and species identities were analyzed in BLAST (NCBI) and Ripseq 
(Pathogenomix).  In BLAST (NCBI) three patient samples of both pre-cultured blood samples and whole 
blood samples came out as positive where the results were in agreeance with the results generated in 
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blood culturing. Only one patient of both pre-cultured and whole blood samples yielded the same 
bacterial species. The patients that came out as positive with bacterial species successfully identified 
by BLAST(NCBI) from the pre-cultured samples included; Patient 10 Escherichia coli, Patient 47 
Escherichia coli and Patient 66 Streptococcus pneumoniae. Patient 10 was the one bacterial species 
that was identified to the same bacterial species using both pre-cultured and whole blood samples.  
 
The bacterial species found in patient 10 in the pre-cultured sample analyzed by BLAST (NCBI) 
Escherichia coli strain 501/507 had 97% identity. The same bacterial species was found when analyzed 
by Ripseq (Pathogenomix). However, Ripseq (Pathogenomix) also identified a few additional bacterial 
species present, the forward and reverse sequences yielded Escherichia coli and Curvibacter gracillis, 
and the reverse sequence also yielded Yersina fredriksenii.  
Patient 47 pre-cultured sample when analyzed by BLAST (NCBI) using the forward sequence yielded 
Escherichia coli strain 500/512 with 98%. In Ripseq (Pathogenomix) the forward sequence also yielded 
Escherichia coli but the sequence was mixed, the reverse sequence yielded Escherichia coli as well as 
one additional bacterial species; Lysobacter pocheonensis. Patient 66 pre-cultured blood sample when 
analyzed by BLAST (NCBI) yielded Streptococcus Pneumoniae strain 503/507 with 99% identity. In 
Ripseq (Pathogenomix) forward and reverse sequence also yielded Streptococcus pneumoniae.  
 
Among the whole blood samples the bacterial species found in patient 10 using BLAST (NCBI) was 
Escherichia Coli 501/507. The percentage identitiy for the bacterial species was 99% which was 2% 
higher than identity using the pre-cultured sample. In Ripseq (Pathogenomix) both the forward and 
reverse sequence yielded Escherichia coli but the forward sequence was mixed. The reverse sequence 
yielded two additional species as well; Curvibacter gracillis and Rhodoferax sp.  
Patient 92 whole blood sample when analyzed by BLAST (NCBI) yielded Klebsiella pneumoniae 318/386 
on the forward sequence, however the sequence was very mixed and the percentage identity was only 
82%. The reverse sequence yielded an additional bacterial species; Pseudonomas sp. 210/245 with 
86% identity, however also this sequence had mixed peaks. When patient 92 was analyzed by Ripseq 
(Pathogneomix) the forward sequence was too complex. The reverse sequence was mixed although 
the reverse sequence did yield Klebsiella pneumoniae. Patient 96 whole blood sample when analyzed 
by BLAST (NCBI) yielded Staphylococcus aureus 497/500 with 99% identity. In Ripseq (Pathogenomix) 
both forward and reverse sequences yielded Staphylococcus aureus, the sequence was pure. Patient 
156 whole blood sample analyzed by Ripseq (Pathogenomix) yielded Staphyloccocus aureus on the 
reverse sequence as well as; Sphingonomas echinoides and Staphylococcus equorum.  

In general Ripseq sequence analysis results agreed with BLAST results for both pre-cultured and whole 
blood samples that came out as positive. Although, one additional positive whole blood sample was 
found (patient 156). All positive results as well as all other results from sequence analysis by both 
BLAST (NCBI) and Ripseq (Pathogenomix) can be found appendix 2. 
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Figure 5. PCR 1: 20 Patient samples Broad Range 16S rDNA Real Time PCR using LightCycler FastStart 
DNA Master SYBR Green I kit (Roche Diagnostics). The two groups were PC= Pre-cultured and W= 
Whole Blood. P= Patient. 

                                           

Figure 6.  PCR 2: The remaining 20 patient samples Broad Range 16S rDNA Real Time PCR using 
LightCycler FastStart DNA Master SYBR Green I kit (Roche Diagnostics). The two groups were PC= Pre-
cultured and W= Whole Blood. P= Patient.          
 
The cp-values for the pre-cultured blood samples were all moderately high (Figure 5, 6) with an average 
cp-value of 30.38 and an average cp-value of 32.98 for whole blood samples excluding patient sample 
254 (both pre-cultured and whole blood) as this patient did not work among the pre-cultured samples. 
The samples used were paired however, Shapiro-Wilk test showed that the data was not normally 
distributed W=0.34, p= 7.145e-12. The samples were on a ratio scale. Wilcoxon signed rank test was 
run to determine if there was a statistical difference between pre-cultured and whole blood samples. 
The sample size used in the statistical testing was n=19 in each group (pre-cultured and whole blood 
samples). The test showed that there was a statistical difference between pre-cultured and whole 
blood samples W=16, p=0.001.  
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Discussion 
 
This study supports that molecular diagnostics have many positive attributes encouraging further 
implementation of molecular techniques in clinical diagnostics of sepsis.  The study did not show to 
increase the number of patient samples confirmed as positive by the use of PCR. Although, the fact 
that only 30-60% of blood cultures in sepsis turnout being positive has been prevailed by PCR in 
previous studies which encourages further research with a larger number of patients involved 
(Morgenthaler and Kostrzewa, 2015). The evidence that PCR techniques can detect the absence or 
presence of bacterial species in as little as four hours was supported. The total time required for PCR 
processing and species determination for all samples in this study approximated about eight hours 
depending on the number of samples processed. New techniques will eventually decrease the time of 
species identification even more by the use of species and genus specific probes (Hansen et al., 2010).  
Findings supports that molecular diagnostics is significantly faster than the 24-72 hours needed for 
diagnostics by blood culturing (Loonen et al., 2013). The use of the gene 16S allowed for almost all 
bacterial species to be detected; however also in this study the contamination risk was a challenge. 
The various pathogens found in the patient samples during species identification supports that high 
PCR sensitivity is essential for accurate determination and identification of pathogens (Humphrey et 
al., 2015).  
 
Four different PCR kits were tested in this study and for each kit optimal PCR conditions showed to be 
of major importance for the PCR sensitivity which agree with previous studies (Liesenfeld et al., 2014). 
The significance of an optimal combination of kit and conditions was key to yield a high copy number, 
non-specific amplification of background nucleic acids and decreased contamination (Loonen et al., 
2014). The contamination risk during Broad Range 16S rDNA PCR made the task of identifying sepsis 
related bacterial species challenging. Some of the more frequent contaminating bacterial species 
found during the optimization and during sequence analysis included; Staphylococci and Sphingnomas. 
 
During the optimization samples were chosen for sequence analysis with regards to their cp-values. 
Running the samples on both the Broad Range 16S rDNA PCR and the multiplex in-house PCR was an 
optimal way to avoid false-positive results during sequence analysis (Tanner M.A et al., 1998). The 
multiplex in-house PCR with its specificity for H. influenzae and S. pneumoniae by unique primers 
avoided detection of background DNA (Vollmer et al., 2008). A common type of contamination was 
the presence of background DNA in the PCR kits from the beginning. However, the amounts of DNA 
present from the beginning was found to possibly differ. Other causes of contamination included; the 
gene 16S and its presence in all bacteria, contamination while blood was drawn from the patient and 
contamination during the processing of blood samples in lab. All precautions for contamination 
deliberated, the appearance of other bacterial species than H.influenzae and S. pneumoniae during the 
optimization was still unavoidable. LightCycler FastStart DNA Master SYBR Green I kit (Roche 
Diagnostics) still seemed to give the highest PCR sensitivity in contrast to other PCR kits. The kit 
generated low cp-values, identified the biggest number of bacterial species and had the lowest 
detection level among the PCR kits or in other words the kit identified bacterial species from the lowest 
concentration of rDNA.  
 
The rDNA extracted from 5 ml blood samples overall yielded clean sequences and more bacterial 
species with high species identities successfully identified in BLAST. These results agree with previous 
research which has shown that 5 ml blood samples or bigger volumes of blood are more effective and 
accurate in PCR analysis (Loonen et al., 2014). However, the statistical analysis revealed that there was 
no statistical difference in the cp-values between the 5 ml and 1 ml blood sample extractions (Figure 
7) appendix 1. The use of even bigger sample extraction volumes than 5 ml was thought of, although 
an optimal kit for bigger blood extraction volumes was not known. Surprisingly, since no significant 
difference was noted between 5 ml and 1 ml blood sample extraction volumes, this research does not 
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support the occurrence that bigger volumes of blood correlate to a higher the concentration of 
bacteria. Nevertheless, the use of 5 ml or 1 ml blood sample extraction volumes for patient sample 
processing is still significantly lower than the volumes of blood needed for blood culturing. In the 
diagnostics of children one to two blood cultures are required (Gonsalves et al., 2009). In adults two 
to three blood cultures are sufficient to diagnose 90% of all blood stream infections and four blood 
cultures are needed for diagnosing 99% of all blood stream infections, within 24 hours (Seifert, 2009).    
 
Important for successful sequencing and identification of species during sequence analysis in BLAST 
was the amount of copies present in the sample. Usually samples with higher cp-values have fewer 
copies and are therefore less likely to yield successful species identification (Corless et al., 2001).  Blood 
samples with lower cp-values yielded clean and long sequences and successful species identification 
in BLAST. Whether or not to accept the bacterial identities in BLAST depended on the bacterial species 
percentage identities. Based on analysis of 1500bp the percentage identities above 98% generated for 
a single species are usually accepted. Identities between 95% and 98% could be identified to genus 
level. Low identities below 95% are usually caused by sequences being unavailable or other species 
being present and detected (Barghouthi, 2011). In this study species identification relied on these 
percentages but 500bp sequences were analyzed and not 1500bp sequences appendix 3. 
 
Among the patient samples many cp-values of whole blood samples were slightly higher than the pre-
cultured cp-values and the difference was statistically significant (Figure 5, 6). However, no differences 
were noted between pre-cultured and whole blood samples in the number of species identified. 
Diagnosing patients using whole blood would certainly decrease the time needed to confirm bacterial 
blood infections. Further studies needs to be done to examine if there is a significant difference 
between the two methods since the pool of samples included in this study was limited to twenty of 
each pre-cultured and whole blood samples.  
 
During sequence analysis using BLAST (NCBI) bacterial species in only three pre-cultured and three 
whole blood samples were identified appendix 2. Ripseq (Pathogenomix) identified bacteria in one 
additional whole blood sample. This result is slightly misleading as PCR should identify a higher number 
of bacteria than blood culturing. However, maybe these sepsis patients were not previously treated 
with antimicrobial therapies which could have influenced the result that blood culturing had more 
positive confirmed bacterial species identities than PCR results. (Schreiber et al., 2013; Chang et al., 
2013; Ziegler et al., 2014; Grace et al., 2001; Loonen et al., 2014). 
 
Patient blood samples cp-values were generally higher (both pre-cultured and whole blood samples) 
than the cp-values during optimization. Multiple factors could have influenced this outcome. Pre-
culturing of blood samples may not have increased the number of bacteria in the blood significantly. 
The potential that broth pre-culturing could have diluted the DNA although broth pre-culturing of 
blood samples for five hours have shown to increase PCR sensitivity ten times in a study using 
Salmonella (Zhou and Pollard, 2010). The amounts of bacteria used in the blood samples during the 
optimization may have been higher than the bacterial load present in the blood from the patients. The 
fact that patient samples had been frozen for approximately one year could have decreased the PCR 
sensitivity. Cp-values for frozen blood samples during the optimization were similar to non-frozen 
blood samples. However, the optimization blood samples may not have been frozen long enough for 
the cp-values to deviate. All samples that were stored long-term were stored in -70 °C. Any time blood 
is being stored long-term there is a risk for molecules to become destroyed. When samples are freeze-
thawed a single time at -70 °C the DNA yield can decrease by 25%. DNA isolated from blood is stable 
at 4°C for several weeks, at -20°C for months and at -80°C for years (Gillio-Meina C et al., 2013). 
 
Droplet digital PCR was useful to determine the detection level of the bacteria H. influenzae and 
S.pneumoniae (Sze et al., 2014). The lowest detection level of the optimized Broad Range 16S rDNA 
PCR was calculated based on the droplet digital PCR processed samples (H. influenzae 10-7 and S. 
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pneumonaie 10-5). The lowest sample dilutions to be amplified in the Broad Range 16S rDNA PCR and 
still identified during sequencing were H. influenzae 10-8 and S. pneumonaie 10-7, the detection level of 
these samples (H. influenzae 10-7 and S. pneumonaie 10-5) was determined to 4.68(4) copies/ml and 
2.45(2) copies/ ml which also was the lowest detection level of the Broad Range 16S rDNA PCR. 
However, these results are not exact as the number of copies in the last samples could differ from the 
samples (H. influenzae 10-7 and S. pneumonaie 10-5) processed in the droplet digital PCR processed 
since all samples were processed separately during dilution and rDNA extraction. The result that 24.5 
copies/ml were found in the H. influenzae 10-7 and 468 copies/ ml in S. pneumoniae 10-5 samples shows 
that there was a big difference in the amount of bacteria present in different sample dilutions (10-7/10-

5). The fact that different bacterial species were compared can have affected the big difference in 
copies/ ml between bacteria as well. H. influenzae bacterial colonies were generally much smaller than 
S.pneumoniae bacterial colonies. This suggests that the growth rate of different bacteria can affect the 
detection limit for different species of bacteria.  
 
Both Shapiro-Wilk’s test and Levene’s test were two effective tests to check if the data fulfilled the 
assumptions for the use of One-way ANOVA. Shapiro Wilk’s test was also useful for testing if the data 
of the 5 ml and 1 ml extraction volumes used in the paired t-test was normally distributed as well as 
for the patient data that did not turn out to be normally distributed. Since the patient data was not 
normally distributed Wilcoxon signed rank test was non-parametric alternative. When SuperScript® III 
One-Step RT-PCR System with Platinum® Taq DNA polymerase (Thermofischer Scientific) and KAPA 
SYBR FAST One-Step qRT-PCR (KapaBiosystems) and the specific multiplex in-house reference PCR 
(Hedberg Thulin et al., 2009) were compared, the results agreed with the laboratory findings and 
neither of the two rRNA PCR kits tested increased the PCR sensitivity (Figure 3). One-way ANOVA 
analysis of the Broad Range 16S rDNA PCR kits; LightCycler FastStart DNA Master SYBR Green I kit 
(Roche Diagnostics) and Mastermix 16S Basic (Molzym) with the specific multiplex In-House reference 
PCR showed significant differences and variances between the kits (Figure 4). When comparing the 
means of the cp-values, H. influenzae seemed to amplify at a faster rate than S. pneumoniae, which 
was apparent by the means of the cp-values of each bacterial species.  
 
This research has shown valuable support for the effectiveness of PCR techniques as supposed to blood 
culturing. However, blood culturing would still be necessary even with further implementation of 
molecular diagnostics as blood-culturing is essential to identify the antimicrobial profile (Hansen et al., 
2010). In research blood culturing contributes as a valuable comparison key to molecular diagnostics. 
All patient samples used in this study were predetermined for positivity or negativity in blood culturing. 
Some of the samples predetermined negative in blood culturing turned out positive in the PCR analysis. 
During the optimization this study was limited by testing only two RT-PCR kits as well as two rDNA PCR 
kits. The biggest extraction volume used was 5 ml blood samples although bigger volumes could 
certainly have been used to possibly yield higher PCR sensitivity if an appropriate kit for bigger volumes 
would have been known. This project only included twenty patients and a bigger study might show 
different results. 
 
In conclusion this study found that rRNA did not increase PCR sensitivity, at least not with the kits and 
the conditions that were used in this study. PCR sensitivity can certainly increase when using rDNA by 
using reagents free from contamination and optimal PCR conditions. Larger volumes of blood are 
favored over smaller extraction volumes of blood as far as successful species identities found using 
BLAST. However, cp-values did not show to be significantly different. The number of species accurately 
identified relies on a highly sensitive PCR. Research on the implementation of molecular techniques in 
sepsis diagnostics has to continue but in the meantime there will be additional delayed treatments of 
patients and chances of sepsis survival dependent upon diagnostics will remain the same. Therefore, 
every new study affects the future of sepsis diagnostics. 
 



23 
 

Ethical Aspects and Impact of the Research on the Society 
 
Blood samples included in the study were collected from patients with suspected sepsis. Patients were 
asked to give their consent before inclusion in the study. Exceptions were done for patients presenting 
with more severe cases of sepsis where the patients were unable to approve their participation. In this 
case a significant other was asked for the consent/approval. If the patient/significant other did not 
approve within two weeks, the blood samples were discarded and not included in the study. If the 
patient/the significant other accepted inclusion in the study they gave their consent to have any 
medical history taken at the point of care included in the study. The patients were informed within a 
few days, if additional blood sampling were needed. The blood collected for the research study was 
collected at the same time point of care as other blood samples were collected.  
The thesis study did not improve the situation for the patients today but generated valuable 
information about PCR techniques and its role in sepsis diagnostics. The study can influence future 
research and potentially contribute to the implementation of PCR techniques in sepsis diagnostics. The 
study contributes to a better understanding of the implementation of molecular diagnostic techniques 
in Swedish health care. The results generated by the study can have an influence on the patients during 
their lifetime. This study was ethically approved on 09/18/2014 by the Regional Ethics Committee in 
Uppsala, Sweden (Regionala Etikprövningsnämnden Uppsala) Dnr: 2014/193. 
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Future Perspectives 
 
Testing the four different PCR kits constituted the major part of this research. More PCR kits need to 
be evaluated and in bigger studies in order to commercialize molecular techniques in sepsis 
diagnostics. LightCycler FastStart DNA Master SYBRGreen 1 kit (Roche Diagnostics) with optimal PCR 
conditions was evaluated as the kit that made the PCR the most sensitive, generating the highest 
number of species identified. However, statistical analysis suggested that among the two rDNA PCR 
kits tested, PCR sensitivity did not differ using more concentrated DNA samples. Future research could 
investigate further support to if whether or not this might be the case. LightCycler FastStart DNA 
Master SYBRGreen 1 kit (Roche Diagnostics) clearly showed superior in that it generated clean 
sequences from highly diluted samples where Mastermix 16S Basic (Molzym) sequences were mixed. 
Unfortunately, when processing patient samples LightCycler FastStart DNA Master SYBRGreen 1 kit 
(Roche Diagnostics) did not yield as clean of sequences as during the optimization. Future studies might 
investigate if this was caused by the one year long-term storage of the blood samples in -70 ˚C (Gillio-
Meina C et al., 2013). Another finding in this study was that there was no statistical difference in cp-
values between 5 ml and 1 ml blood sample extraction volumes. Further studies could investigate if as 
little as 1 ml is just as effective as 5 ml extraction volumes. The need of finding new ways of diagnosing 
sepsis is urgent seen by the number recent published studies. The sooner new techniques will get 
commercialized and accepted for clinical usage the better. Blood culturing is not a feasible method in 
the long run as it is too time consuming and it cannot identify bacterial species in patients previously 
treated by antimicrobial therapies (Liesenfeld et al., 2014). PCR does not seem to be an alternative to 
blood culturing but certainly an additive. PCR has higher specificity and better time efficiency although 
the technique also has major flaws.  Things such as validation issues of commercial assays and PCR 
costs needs to decrease, PCR sensitivity needs to increase and high specificity results needs to become 
more consistent (Schreiber et al., 2013; Liesenfeld et al., 2014; Jordana-Lluch et al., 2013). The finding 
in this study can contribute to future studies and thereby implementation of PCR techniques in sepsis 
diagnostics. 
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Appendix  
 

1 
 

 

Figure 7. Light Cycler 2.0 (Roche Diagnostics) Real Time 16S rDNA Broad range PCR using LightCycler FastStart 

DNA Master SYBR Green I kit (Roche Diagnostics) and optimized PCR conditions. Amplification curves and cp-
values for H. influenzae (H.i) and S. pneumoniae (S.p) (whole blood samples 1ml and 5ml). 
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2 
Table 4. Positive Sequencing Results (from PCR processed patient samples) 
 

Patient Blood Culture Results BLAST Ripseq 

Patient 10 E.coli PC and W: Escheria 
coli strain 501/507 
(PC:97% W:99%) 

PC: F, R: Escheria coli , 
Curvibacter gracillis, 
R: Yersina fredriksenii 
W: F: Escheria coli 
(but mixed), R: 
Escheria coli, 
Curvibacter gracillis, 
Rhodoferax sp. 

Patient 47 E. coli PC: Escheria coli 
strain 500/512(98%) 

PC: F: Escheria coli 
(but mixed), R: 
Escheria coli, 
Lysobacter 
pocheonensis 

Patient 66 S. pneumoniae PC: Streptococcus 
Pneumoniae 
503/507 (99%) 

PC: F, R: S. 
pneumoniae 

Patient 92 Klebsiella pneumoniae W: F: Klebsiella 
pneumoniae 
318/386 (82%) very 
mixed, R: 
Pseudonomas sp. 
210/245 (86%) 
Mixed peaks. 

W: F: Too Complex, R: 
Klebsiella 
pneumoniae (but 
mixed) 

Patient 96 S. aureus W: Staphylococcus 
aureus 497/500 
(99%) 

W: F,R: S.aureus (pure 
sequence) 

Patient 156 S. aureus - W: F: S.aureus not 
found, R: 
Sphingonomas 
echinoides, 
Staphylococcus 
aureus, 
Staphylococcus 
equorum 

*PC = Pre Cultured W=Whole Blood 
*F=Forward R=Reverse 
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3 
 
Additional Sequencing Results (All samples) 
*Sequencing results marked in yellow are positive samples that matched the results from blood culturing. 

BLAST Results  

Patient Bakterium 

PC 1 R: Curvibacter gracilis 251/313(80% Mixed; F no result (mixed sequence) 

PC 3 Streptococcus dysgalactiae 506/510(99%) 

PC 6 Streptococcus dysgalactiae 509/529(96%) Mixed 

PC 7 No result, mixed F and R short sequences 

PC 10 Escherichia coli 502/520(97%) 

PC 22 Streptococcus dysgalactiae  516/528(98%) slightly mixed 

PC 47 Escherichia coli strain 500/512(98%) F mixed 

PC 57 Streptococcus dysgalactiae 497/500(99%) 

PC 66 Streptococcus pneumonia 503/507 (99% 

PC 68 Curvibacter gracilis 423/438(97%) 

PC 71 R: Sphingobium sp. 278/310(90%) mixed; F mixed 

PC 72 R: Beta proteobacterium 275/353(78%) mixed; F no BLAST result but clear peaks 

PC 92 F: Pseudomonas sp.  387/438(88%, R: Firmicutes bacterium 187/211(89%) 

PC 96 Curvibacter gracilis  491/503(98%) Mixed peaks 

PC 113  F: No result in BLAST. Very mixed!, R: Sphingomonas sp  239/310(77%) Mixed! 

PC 155 No result in BLAST F or R. Very mixed peaks 

PC 156 No result F or R very mixed! 

PC 168 F: no result Mixed peaks , R: Curvibacter gracilis  389/426(91%) 

PC 254 Completely negative in the PCR. Poor DNA prep.? 

PC 285 F no result (mixed sequence)!, R: Sphingomonas sp.  210/245(86%) Mixed peaks 

W 1 R: Clostridium sp. 199/224(89%) Mixed, F No result too mixed 

W 3 Curvibacter sp.  370/422(88%) Mixed 

W 6 Curvibacter gracilis 459/476(96%) Mixed 

W 7 Sphingomonas sp. 420/453(93%) Mixed 

W 10 Escherichia coli strain 501/507(99%) 

W 22 H 22R Sphingobium sp. 169/191(88%), F mixed peaks 

W 47 Curvibacter gracilis 491/502(98%) 

W 57 Streptococcus dysgalactiae 521/528(99%) 

W 66  Curvibacter lanceolatus 415/419(99%) F mixed 

W 68 F and R (sequences too short) 

W 71 Alpha proteobacterium 454/463(98%)/Sphingomonas leidyi 452/463(98%) 

W 72 Lactobacillus delbrueckii 512/539(95%) Mixed 

W 92 F: Klebsiella pneumoniae 318/386(82%) very mixed, R: Pseudomonas sp. 312/367(85% Slightly mixed 

W 96 Staphylococcus aureus 497/500 (99%) 

W 113 Curvibacter gracilis 496/507(98%) Mixed peaks 

W 155 Streptococcus salivarius 515/525(98%) Nice peaks not mixed 

W 156 F: Sphingomonas sp.214/266(80%) Mixed, R: No result (mixed) 

W 168 Curvibacter gracilis 505/512(99%) Nice peaks 
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W 254 F: Staphylococcus epidermidis 366/470(78%) Mixed nice peaks, R: Staphylococcus epidermidis  433/465(93%) mixed peaks 

W 285 F: Bacillaceae bacterium  377/481(78%) mixed nice peaks, R: Bacillaceae bacterium 373/470(79%) nice peaks 

  

RipSeq Results 

Patient Bacterium 

PC 1 F Too complex 

PC 1 R Too many above cutoff (Peleomonas ++++) 

PC 3 F S. dysgalactiae (almost pure sequence) 

PC 3R S. dysgalactiae (almost pure sequence) 

PC 6 F S. dysgalactiae, Sphingomonas echinoides, Sphingomonas sp. 

PC 6 R S. dysgalactiae (but mixed) 

PC 7 F Poor quality 

PC 7 R Sphingomonas echinoides, Xantomonas sp. 

PC 10 F E. coli, Curvibacter gracilis 

PC 10 
R E. coli, Curvibacter gracilis, Yersina fredriksenii 

PC 22 F S. dysgalactiae 

PC 22 
R S. dysgalactiae 

PC 47 F E. coli (but mixed) 

PC 47 
R E. coli, Lysobacter pocheonensis 

PC 57 F S. dysgalactiae 

PC 57 
R S. dysgalactiae 

PC 66 F S. pneumoniae 

PC 66 
R S. pneumoniae 

PC 68 F Curvibacter gracilis, Aquabacterium citratiphilum 

PC 68 
R Curvibacter gracilis, Hydrogenophaga palleronii 

PC 71 F Too complex 

PC 71 
R Sphingomonas melonis, Sphingobium yanoikuyae 

PC 72 F Curvibacter gracilis, Sphingomonas echinoides 

PC 72 
R Curvibacter gracilis, Sphingomonas echinoides 

PC 92 F Too complex 

PC 92 
R Streptococcus parasanguinis (but mixed) 

PC 96 F Curvibacter gracilis (but mixed) 

PC 96 
R Curvibacter gracilis, Hydrogenophaga palleronii 

PC 113 
F Too complex 

PC 113 
R Too complex 

PC 155 
F Too complex 

PC 155 
R Too complex 

PC 156 
F Too complex 

PC 156 
R Too complex 

PC 168 
F Curvibacter gracilis, Sphingomonas echinoides 
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PC 168 
R Curvibacter gracilis, Sphingomonas echinoides 

PC 254 
F No sequence 

PC 254 
R No sequence 

PC 285 
F TM7(G-1)sp. HOT 346 (see human oral microbiome project), Sphingomonas echinoides 

PC 285 
R TM7(G-1)sp. HOT 346 (see human oral microbiome project), Sphingomonas echinoides 

W 1 F Sphingomonas echinoides, Sphingomonas asaccharolytica 

W 1 R Sphingomonas echinoides, Staphylococcus homins 

W 3 F Too complex 

W 3R Curvibacter gracilis, Sphingomonas echinoides 

W 6 F Curvibacter sp.  

W 6 R Curvibacter gracilis, Aquabacterium parvum, Hydrogenophaga palleronii 

W 7 F Sphingomonas echinoides 

W 7 R Curvibacter gracilis, Sphingomonas echinoides, Uncultured halomonas 

W 10 F E. coli (but mixed) 

W 10 R E. coli, Curvibacter gracilis, Rhodoferax sp. 

W 22 F Too complex 

W 22 R Curvibacter gracilis (but mixed) 

W 47 F Curvibacter gracilis (but mixed) 

W 47 R Curvibacter gracilis, Pseudomonas brenneri/fluorescens 

W 57 F Too low peaks 

W 57 R S. dysgalactiae (pure sequence) 

W 66 F Curvibacter gracilis, Stenotrophomans maltophilia 

W 66 R Curvibacter gracilis, Stenotrophomans maltophilia 

W 68 F Short sequence 

W 68 R Short sequence 

W 71 F Caulobacter leidyia (but mixed) 

W 71 R Caulobacter leidyia, Sphingomonas sp., curvibacter gracilis 

W 72 F Lactobacillus delbrueckii (but mixed) 

W 72 R Lactobacillus delbrueckii, Flavobacterium johnsoniae, Curvibacter gracilis 

W 92 F Too complex 

W 92 R Klebsiella pneumoniae (but mixed) 

W 96 F S. aureus (pure sequence) 

W 96 R S. aureus (pure sequence) 

W 113 
F Enterobacter sp., Curvibacter gracilis 

W 113 
R Enterobacter sp., Curvibacter gracilis 

W 155 
F S. salivarius (pure sequence) 

W 155 
R S. salivarius (pure sequence) 

W 156 
F Spingomonas echinoides, Streptococcus pneumoniae/mitis/oralis, Streptococcus sanguinis 

W 156 
R Spingomonas echinoides, Staphylococcus aureus, Staphylococcus equorum 

W 168 
F Curvibacter gracilis 

W 168 
R Curvibacter gracilis 
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W 254 
F Curvibacter gracilis, Staphylococcus epidermidis 

W 254 
R Curvibacter gracilis, Staphylococcus epidermidis 

W 285 
F Staphylococcus haemolyticus/hominis, Bacillus cereus/anthracis/xylosis 

W 285 
R Staphylococcus haemolyticus/hominis, Bacillus cereus/anthracis/xylosis 

 

 


