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Abstract 

Sepsis is a life-threatening organ dysfunction that is caused by a dysregulated host response to 
infection. Sepsis is a substantial health care and economic burden worldwide and is one of the 
most common reasons for admission to the hospital and intensive care unit. Early diagnosis and 
targeted treatment of sepsis are the bases to reduce the mortality and morbidity. Conventional 
blood culturing is the gold standard method for sepsis diagnostics. However, blood culturing is a 
time consuming method, requiring at least 48 to 72 hours to get the first results with very low 
sensitivity and specificity. The aim of this study was to determine and assess the direct sepsis-
related costs for PCR-based diagnostic strategies (SeptiFast and POC/LAB). A mathematical model 
was constructed to compare PCR-based diagnostic strategies with the conventional blood 
culturing. Three case scenarios were investigated based on data from the United Kingdom, Spain 
and the Czech Republic. It was found that, POC/LAB was the most cost effective strategy in all 
countries if it could reduce the hospitalization length of stay with at least 3 days in the normal 
hospital ward and 1 day in the intensive care unit. Reducing the hospitalization length of stay had 
the greatest impact on the economic outcomes. While, reducing the costs of the diagnostic 
strategies did not show a remarkable effect on the economic results. In conclusion, the findings 
suggest that PCR-rapid diagnostic methods could be cost-effective for the diagnosis of patients 
with sepsis if they could reduce the hospitalization length of stay.  



 
 

Popular scientific summary 

Sepsis is a condition characterized by a dysregulated body response to bacterial, viral or fungal 
infection that leads to a life-threatening organ dysfunction. The body normally produces 
chemicals into the bloodstream to defense itself against infections. Sepsis occurs when the 
production of these chemicals impairs leading to changes that can damage many organs. Common 
locations for the primary infection are lungs, brain, abdominal organs, skin and urinary tract. If 
sepsis is not treated quickly and properly, it might lead to septic shock. Septic shock is a condition 
of very low blood pressure that does not improve despite adequate fluid replacement and this can 
lead to death. Globally, sepsis estimated to affect more than 30 million people every year leading 
to 6 million deaths/year. The annual cost of sepsis has been estimated to be about $16.7 billion in 
the United States, and about 7.6 billion EUR in Europe.  

The common signs and symptoms of sepsis; fever, increased heart rate, increased breathing rate 
and confusion, are very unspecific making it difficult to diagnose. The current standard practice 
for detecting pathogens in those with suspected sepsis is blood culture. However, it takes at least 
48-72 hours to get positive blood culture results, and even longer to identify any antibiotics 
resistance. Therefore, several new techniques have been developed promising to detect 
pathogenic DNA in patients with suspected sepsis within approximately six hours. These new 
diagnostic methods will empower earlier identification of the causative agents and any possible 
resistances, leading to more specific antibiotic treatment. Specific targeted antibiotic treatment 
will shorten patient’s hospitalization stay, and will reduce the clinical and economic burden to the 
healthcare systems and society.  

This study looked at the cost effectiveness of two rapid diagnostic methods: SeptiFast and 
POC/LAB techniques and compared them with blood culture method. A mathematical model was 
constructed and used in the comparison. The study used data from three European countries; the 
United Kingdom, Spain and the Czech Republic and investigated the possible economic savings 
that can be achieved by using the rapid diagnostic methods. Sepsis patients in both the normal 
hospital ward and the intensive care unit were included in the study. The overall results indicated 
that, these rapid diagnostic techniques could be cost effective if they could shorten the 
hospitalization length of stay for sepsis patients by at least 1-4 days.  The study has also 
investigated the impact of the input parameters; length of stay and the cost of the diagnostic 
techniques, on the economic outputs. It was found that, changing the hospitalization length of stay 
to the highest and lowest values had a great impact on the cost-effectiveness outcomes. While, 
changing the costs of the diagnostic methods to the highest and lowest values did not show a 
remarkable effect on sepsis economic results. This suggested that, the hospitalization length of 
stay was the decisive factor in determining the cost-effectiveness outcomes. 

The results of this study suggested that, PCR-based diagnostics could be used in conjunction to 
blood culturing in order to improve sepsis diagnostics and to shorten the hospitalization stay. 
Future cost-effectiveness studies could use more specific and more precisely measured data in the 
comparison between blood culture and the rapid diagnostic strategies. Future project could also 
investigate whether rapid diagnostic methods could replace blood culture method in sepsis 
diagnosis or not. It would also be interesting for the future studies to examine the indirect sepsis-
related costs and the possible economic savings that can be achieved to the society by using the 
new rapid diagnostic tests.  
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Introduction 

Sepsis is defined as a life-threatening organ dysfunction that is caused by dysregulated host 
response to infection (Singer, Clifford S Deutschman, et al., 2016). According to the Third 
International Consensus Definitions for sepsis and septic shock (Sepsis-3), organ dysfunction 
associated with sepsis can be assessed by using Sequential Organ Failure Assessment score 
(SOFA) (Singer, Clifford S. Deutschman, et al., 2016). SOFA indicates that the partial pressure of 
oxygen (PaO2)/fraction of inspired oxygen (FIO2) is <300 mmHg, creatinine concentration is 2.0-
3.4 mg/dl, platelets count <100 × 103/µL, bilirubin concentration between 2.0-5.9 mg/dl, 
dopamine dose <5 µg/kg/min and the Glasgow Coma Scale of 10-12 score (Singer, Clifford S 
Deutschman, et al., 2016). The baseline SOFA score was assumed to be zero in patients not known 
to have preexisting organ dysfunction (Singer, Clifford S Deutschman, et al., 2016). Patients with 
suspected infection who show an acute change in the total SOFA score of two points or more are 
more likely to have sepsis (Figure 1) (Vincent et al., 1996; Singer, Clifford S. Deutschman, et al., 
2016). 

 

Figure 1. Identification of sepsis and septic shock according to the Third International Consensus 
Definitions for sepsis and septic shock (Sepsis-3). Adapted from 
https://www.internetmedicin.se/page.aspx?id=109. GCS, Glasgow Coma Scale; SOFA, Sequential Organ 
Failure Assessment.  

https://www.internetmedicin.se/page.aspx?id=109
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The SOFA score can also be used to calculate both the number and severity of organ dysfunction 
in six organ systems, which are respiratory, coagulatory, liver, cardiovascular, neurologic and 
renal systems (Jones, Trzeciak and Kline, 2009). The mostly affected organ systems that are 
associated with sepsis are the respiratory system which affected about 28.4% of patients with 
sepsis, cardiovascular 25.3% and renal systems 23.1% of sepsis patients (Chalupka and Talmor, 
2012). Patients with infection can be identified as being on more risk to develop sepsis if they 
have at least two of the following criteria: respiratory rate of 22/min or more, altered mental 
status or systolic blood pressure of 100 mmHg or less that together constitute a bedside clinical 
score termed quickSOFA (qSOFA) (Singer, Clifford S. Deutschman, et al., 2016). In addition to that, 
patients with sepsis usually suffer from early activation of pro- and anti-inflammatory responses 
with major modification in the cardiovascular, neuronal, autonomic, hormonal, bioenergetics and 
coagulation non-immunologic pathways that might lead to disseminated intravascular 
coagulopathy and alterations in the mental status (Bone et al., 1992).  

Sepsis can further lead to persisting hypotension and hypo-perfusion despite adequate fluid 
resuscitation which is known as septic shock (Burchardi and Schneider, 2004; Singer, Clifford S. 
Deutschman, et al., 2016). Patients with septic shock can be clinically diagnosed by a vasopressor 
requirement to maintain a mean arterial pressure of 65 mmHg or greater and a serum lactate level 
greater than 2 mmol/L (>18 mg/dl) (Figure 1), and this combination of clinical features is 
associated with in-hospital mortality risk of greater than 40% (Singer, Clifford S. Deutschman, et 
al., 2016).  

The risk of developing sepsis increases in elderly aged 69 years or more and most of those patients 
have at least one comorbidity like diabetes mellitus, cardiovascular disease, chronic kidney 
diseases and chronic obstructive pulmonary diseases (Novosad et al., 2016). Comorbidity was also 
found in most pediatric patients (aged <1 year) with sepsis, and the most common comorbidities 
in this age were congenital heart disease, cerebral palsy and cognitive deficits (Novosad et al., 
2016). Other factors can also increase the risk of developing sepsis and they include the use of 
intravenous drugs and patients with impaired anatomical barriers due to trauma, surgery or 
burns (Novosad et al., 2016).  

Sepsis results from community-acquired and health care-associated infections. In the United 
States, the most common organism that is reported to cause sepsis is Gram-positive bacteria with 
an incidence of 52.1% of all cases, and the most common isolates are Staphylococcus aureus and 
Streptococcus pneumonia (Martin et al., 2003). Gram-negative bacteria accounted for 37.6% 
where Escherichia coli and Klebsiella spp. have been reported as the most common isolates 
(Martin et al., 2003; Angus and van der Poll, 2013). However, recent studies showed that Gram-
positive and Gram-negative microorganisms were about equally likely to be causative pathogens 
in septic shock (Opal et al., 2013; Kalil and Bailey, 2019). It has been found that Candida spp. are 
the most common pathogens causing fungal infections that can lead to sepsis and they are most 
common in patients with central venous catheters, neutropenia and complicated gastrointestinal 
surgeries, corticosteroids or chemotherapeutic agents and hematologic or solid-organ 
malignancies (Morrell, Fraser and Kollef, 2005).  Other studies have reported that, over 5,000 
sepsis cases due to fungal infection that caused by Candida spp. occur in the UK each year, with 
40% occurring in the intensive care unit (ICU) (Shahin et al., 2016; Bongomin et al., 2017).  

Early administration of intravenous fluid and targeted antibiotics are the basis for effective 
treatment of sepsis. Inadequate empirical antimicrobial treatment is an important factor 
contributing in high mortality in sepsis (Piacentini and Ferrer, 2015). The rate of initial 
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inadequate empirical antimicrobial treatment in hospitals reported to be between 15% to 30% 
(Lehmann et al., 2010). It is recommended to start the treatment within the first three hours of 
showing septic-like symptoms as defined above. Every hour delay in antibiotic administration is 
associated with a measurable increase in kidney injuries, lung injuries, other organ dysfunctions 
and reduced survival of 7.6% (Kumar et al., 2006; Rhodes et al., 2017). Those who survive sepsis 
suffer from long term complications like insomnia, disabling muscle and joint pain, extreme 
fatigue, decrease cognitive function, amputations, organ damage such as kidney or liver and post-
sepsis stress disorder which is triggered by long ICU or hospital stay (Deutschman and Tracey, 
2014).  

Sepsis has represented a substantial health care and economic burden worldwide during the last 
decades due to several reasons. Firstly, it affects millions of people around the world each year 
causing death among critically ill patients (Vincent et al., 2006). According to a study investigating 
the in-hospital incidence of sepsis in Europe, sepsis was reported as one of the most common 
reasons for admission to the hospital and ICU (Fleischmann et al., 2016). It has been found that 
the incidence of sepsis in Sweden in 2005 was 430 per 100,000 individuals in a population 
(Wilhelms et al., 2010). In a clinical cohort study conducted in the ICUs in France it was found that, 
among 3,738 ICU admissions, 546 (14.6%) patients suffer from sepsis or septic shock (Brun-
Buisson et al., 2004). Another cohort study conducted in the UK found that, 27.1% of adult ICU 
admissions suffer from sepsis (Padkin et al., 2003). The second reason is that, patients with sepsis 
require high resources in the hospital and the estimated cost per sepsis episode in the US is 
between $20,000 and $50,000, and the annual cost is about $16.7 billion (Angus et al., 2001). 
While, the annual cost of sepsis in Europe estimated to be around €7.6 billion (Robson and 
Daniels, 2008). In the UK, the total annual costs of sepsis are estimated to be around £10 billion 
(Vincent et al., 2019). Most sepsis patients require to be treated in the ICU with a cost of €26,000 
per case which is much higher as compared to non-ICU treated patients with a cost of €12,000 per 
case (Burchardi and Schneider, 2004).  

The costs of sepsis can be divided into direct and indirect costs. The direct costs represent mainly 
the staffing costs which account between 46.4% and 56.1% of the total costs, medications 
including antibiotics account between 15.6% and 21.7%, diagnostic procedures and laboratory 
tests cost between 17.9% and 20.4% and invasive procedures such as mechanical ventilations 
account between 3.0% and 6.6% of the costs (Mancini et al., 2010; Chalupka and Talmor, 2012). 
On the other hand, the indirect costs represent productivity loss due to absenteeism, early 
retirement and premature death (Chalupka and Talmor, 2012). The burden of the indirect costs 
to the society has been estimated to be approximately 70%, while the burden of the direct costs 
is 30% (Chalupka and Talmor, 2012).  

Early diagnosis and targeted antibiotics treatment are essential to save the patient, improve life 
quality and decrease sepsis-related costs. It is recommended that, for a better outcome, a 
confirmation of an infectious etiology and the initiation of specific antibiotics should be achieved 
within at least 24 to 48 hours (Mancini et al., 2010). Conventional blood culture (BC) is one of the 
diagnostic methods used to diagnose sepsis, but it is a time consuming method with a time of at 
least 48 to 72 hours to get the first results, and the sensitivity and specificity of BC are about 37% 
and 75%, respectively (Sonawane et al., 2014). Connell and colleagues reported that the rate of 
isolated pathogens increases with the quantity of blood obtained from patients, and they reported 
that over half of BCs contained inadequate blood sample volume which was less likely to give 
information about the presence of pathogens (Connell et al., 2007). It has also been observed that 
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slow growing pathogens such as anaerobes, yeast and fastidious bacteria might remain 
undetected using BC (Fenollar and Raoult, 2007; Sonawane et al., 2014). All these factors raised 
the need for the development of new techniques that can diagnose sepsis rapidly with high 
sensitivity and independent of the blood sample volume. These new techniques are based on the 
detection of the microbial nucleic acids by polymerase chain reaction (PCR) from BC bottles or 
directly from whole blood, serum or plasma samples. Depending on the method, these new 
techniques can identify up to 345 pathogens in less than one day, with a sensitivity of 95% and 
specificity of more than 99% (Book et al., 2009). The clinical benefit of PCR-based diagnostic 
methods includes rapid diagnosis of sepsis which would allow for early and specific therapy that 
will diminish the need for empirical antibiotic treatments and thus reduce the risk for developing 
antibiotic resistance. Although PCR techniques are expensive as compared to conventional BC 
methods, their benefits exceed their costs (Haberland et al., 2002). Many studies have estimated 
that the average total cost of one ICU day is approximately 12 times higher than the estimated 
direct cost of a PCR test (Haberland et al., 2002; Burchardi and Schneider, 2004; Liesenfeld et al., 
2014). The rapid diagnosis achieved by the molecular diagnostic techniques is expected to reduce 
septic patients hospitalization stay and thus reduce the total hospitalization costs (Burchardi and 
Schneider, 2004; Liesenfeld et al., 2014) 

Researchers have analyzed the expected cost-effectiveness and clinical benefits associated with 
the use of molecular diagnostics methods that are based on PCR versus conventional BC methods. 
A cost and mortality prediction study found that, PCR diagnostic methods helped earlier sepsis 
diagnosis and earlier treatment adjustment, lowered the risk of initial inadequate treatment 
which resulted in 1.15 day shorter duration of ventilation and ICU stay for each day of earlier 
adequate treatment (Lutz E. Lehmann et al., 2010). Another study found that microbiological tests 
allowed faster and more specific clinical decision-making, so that the total use of antibiotics could 
be reduced and this led to significant economic savings of about 45% to 60% of the total ICU costs 
(Burchardi and Schneider, 2004; Alvarez et al., 2012). Comparing the utility of PCR techniques 
and BC methods for detecting bacteria and fungi in patients with sepsis or septic shock, they found 
that the probability of detecting at least one microorganism was 13-folds higher with PCR test 
than BC and the median time to the first positive BC results was 17 hours while it was only six 
hours using PCR tests (Suberviola et al., 2016). In addition to that, PCR methods were not affected 
by previous antibiotics uses and they detected genetic material from potentially multi-resistant 
microorganisms in patients whose BCs showed no microbial growth at all (Suberviola et al., 2016).  

One of the existing PCR-based diagnostic methods is SeptiFast, which is a multi-pathogen probe-
based real time PCR technique targeting DNA sequences of bacteria and fungi in blood samples, 
and it is considered to be a potentially valuable tool in the management of patients with suspected 
sepsis (Wallet et al., 2010). It detects the microorganisms responsible for bloodstream infections 
significantly earlier than BC and its use has yielded a significant increase in gained treatment days 
(Lehmann et al., 2009; Varani et al., 2009). Increased costs derived from performing SeptiFast 
could be recouped, as SeptiFast would improve the quality of patients’ treatment, reducing the 
number of resources needed for longer ICU and hospital stays and the costs of antibiotic treatment 
(Lutz E. Lehmann et al., 2010; Alvarez et al., 2012). Studies have found that, detection of pathogens 
by SeptiFast was not affected by start of antibiotic treatment before sampling, while the 
probability of pathogen isolation by BC reduced by half in the case of antibiotic administration 
before sampling (Yanagihara et al., 2010; Sancho-Tello et al., 2011). However, SeptiFast is 
designed to detect 25 of the most commonly reported pathogens causing bloodstream infections 
(Liesenfeld et al., 2014). In a diagnostic accuracy study conducted by Warhurst and colleagues, it 
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was found that, a significant percentage of bloodstream infection episodes were associated with 
organisms undetected by SeptiFast contributing to poor assay sensitivity (Warhurst et al., 2015). 
Another study reported that, SeptiFast-positive results indicated the presence of infection but 
were not caused by circulation of bacterial DNA in patients free of infections (i.e. presence of 
bacteria due to contamination with skin flora) (Tsalik et al., 2010).    

To enable faster identification of  the pathogens causing sepsis and antimicrobial resistance 
profiles, scientists in Europe have developed innovative diagnostic equipment within the 
SMARTDIAGNOS project (www.smartdiagnos.eu). 
(https://www.youtube.com/watch?v=4NEYthmJRUA&t=175s). This EU project involves two 
novel systems based on PCR. The first instrument, “point-of-care (POC)” will be available in the 
emergency department and will detect the presence of microbial pathogens in the blood within 
one hour in order to initiate sepsis treatment. If the POC results are positive, the patient will 
receive broad-spectrum antibiotics and additional whole-blood samples are taken for analysis 
using the second instrument. The second instrument, “LAB system”, will be available in the clinical 
laboratory and will enable an in-depth analysis providing more detailed information about for 
example species, antimicrobial resistance genes and will confirm or adjust the initial diagnosis 
within 3-5 hours. 

The aim of this study was to determine and assess the direct sepsis-related costs for different 
diagnostic methods that are based on PCR (SeptiFast and POC/LAB technologies). A mathematical 
model was constructed to compare PCR-based diagnostic strategies with the conventional BC 
method. The comparisons were done using data from recently published literature in three 
European countries (United Kingdom, Spain and the Czech Republic) and included adult patients 
diagnosed with sepsis and admitted to both the normal hospital ward and ICU. The study further 
investigated the cost-effectiveness outcomes and the possible sepsis economic savings that might 
be achieved with the use of PCR-based diagnostic strategies. 

 

Materials and Methods 

A mathematical model was constructed to compare the cost-effectiveness of different diagnostic 
strategies used for sepsis. The baseline strategy used as standard was the conventional BC 
method. The cost-effectiveness of the baseline strategy was compared to two interventional 
strategies: POC/LAB and SeptiFast. Data were generated using deterministic and probabilistic 
simulations. Deterministic simulations were used as the best estimate of the outcome. While, 
probabilistic simulations were used to generate a large number of randomly generated data for 
specific input parameters. The generated data were then analyzed by three different methods: 
quantile regression, cost-effectiveness and deterministic one-way sensitivity analysis.   

Model structure and inputs 

Many studies have reported that the direct costs of sepsis are mainly dependent on the 
hospitalization length of stay (LOS) (Burchardi and Schneider, 2004; Chalupka and Talmor, 2012; 
M.E. et al., 2016; Pliakos et al., 2018; Zacharioudakis et al., 2019). This information was taken into 
account when constructing a mathematical model (Eq. 1) for estimation of the direct costs of 
sepsis per patient:  

http://www.smartdiagnos.eu/
https://www.youtube.com/watch?v=4NEYthmJRUA&t=175s
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𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝐷𝐷𝑐𝑐𝑐𝑐𝐷𝐷𝑐𝑐  𝑐𝑐𝑜𝑜 𝑐𝑐𝐷𝐷𝑠𝑠𝑐𝑐𝐷𝐷𝑐𝑐  𝑠𝑠𝐷𝐷𝐷𝐷 𝑠𝑠𝑝𝑝𝐷𝐷𝐷𝐷𝐷𝐷𝑝𝑝𝐷𝐷 =
(𝑝𝑝𝑎𝑎𝐷𝐷𝐷𝐷𝑝𝑝𝑎𝑎𝐷𝐷  𝐷𝐷𝑐𝑐𝐷𝐷𝑝𝑝𝑡𝑡 𝐷𝐷𝑐𝑐𝑐𝑐𝐷𝐷𝑐𝑐  𝑐𝑐𝑜𝑜 ℎ𝑐𝑐𝑐𝑐𝑠𝑠𝐷𝐷𝐷𝐷𝑝𝑝𝑡𝑡𝐷𝐷𝑜𝑜𝑝𝑝𝐷𝐷𝐷𝐷𝑐𝑐𝑝𝑝 𝑠𝑠𝐷𝐷𝐷𝐷 𝑑𝑑𝑝𝑝𝑎𝑎  𝑠𝑠𝐷𝐷𝐷𝐷 𝑠𝑠𝑝𝑝𝐷𝐷𝐷𝐷𝐷𝐷𝑝𝑝𝐷𝐷  × 𝐿𝐿𝐿𝐿𝐿𝐿) +
𝐷𝐷𝑐𝑐𝐷𝐷𝑝𝑝𝑡𝑡  𝐷𝐷𝑐𝑐𝑐𝑐𝐷𝐷𝑐𝑐  𝑜𝑜𝑐𝑐𝐷𝐷 𝐷𝐷ℎ𝐷𝐷 𝑑𝑑𝐷𝐷𝑝𝑝𝑎𝑎𝑝𝑝𝑐𝑐𝑐𝑐𝐷𝐷𝐷𝐷𝐷𝐷  𝑐𝑐𝐷𝐷𝐷𝐷𝑝𝑝𝐷𝐷𝐷𝐷𝑎𝑎𝑎𝑎            (1)  

According to the model, the hospitalization costs per day per patient are multiplied by the LOS. In 
order to account for the different sepsis diagnostic strategies, the cost for each specific strategy 
was added to the model. Three different diagnostic strategies were included in this study. The first 
one was the gold standard sepsis diagnostic method, which is conventional BC. BC method was 
compared with two interventional PCR-based methods. The first interventional method is 
POC/LAB to be used as a complement to BC, where both POC and LAB systems are meant to be 
used in combination in diagnostics. The second interventional method is SeptiFast as a 
complement to BC. In near future, none interventional method is expected to replace BC as gold 
standard for sepsis diagnostics.  However, the use of these interventional methods as a 
complement to BC is expected to provide rapid detection of clinically important pathogens 
responsible for sepsis not identified by BC, and thus increase the diagnostic efficiency of 
microbiological laboratories (Korber et al., 2017). 

The following three countries were selected as case-studies, the United Kingdom, Spain and the 
Czech Republic (Figure 2). Case scenarios were defined based on data from these countries and 
sepsis patients both in normal hospital ward and ICU were considered. The study population 
consisted of adult patients suspected with sepsis. Model inputs, including LOS, average 
hospitalization costs per day per patient and the costs of the diagnostic strategies, were obtained 
from recent published data of these countries and by personal communication. However, where 
lack of data was identified, non-European data were used. 

 

Figure 2. An overview of model input data, different simulations techniques and analysis methods used in 
the study. BC, blood culture; ICU, intensive care unit; LAB, LAB system; POC, point-of-care system. 
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The hospitalization costs per day per patient in the three European countries that were used in 
this study are shown in Table 1. All costs were converted to 2019 rate considering the yearly 
inflation and include the costs for the initial treatment of sepsis including antibiotics, staffing 
costs, diagnostic procedures, invasive procedures such as mechanical ventilation and the costs 
related to the treatment of sepsis complications like multiple organ failure and amputations. 
However, no data were found on the cost of the normal hospital ward for sepsis patients in the 
Czech Republic. In order to estimate that cost, the ICU cost in the Czech Republic was compared 
with the ICU cost in Spain. It was observed that the ICU cost in the Czech Republic was 102% 
higher than the ICU costs in Spain. This assumption was used to estimate the costs of the normal 
hospital ward in the Czech Republic by multiplying the cost of the normal hospital ward in Spain 
(289.89 EUR) by 102%. Thus, the cost of the normal hospital ward in the Czech Republic was 
assumed to be 295.69 EUR per day per patient.  

Table 1. The hospitalization costs per day per patient for sepsis patients and references in the three 
European countries 

Parameter  Cost  (Euro) References  

Hospital 
cost/day/patient 

  

United Kingdom  396.91 YHEC-sepsis report, 2017. The cost was adjusted for the 
increment of inflation in British pound between 
2015/2016 and 2019 
https://www.poundsterlinglive.com/best-exchange-
rates/british-pound-to-euro-exchange-rate-on-2015-
06-30 http://www.in2013dollars.com/Euro-inflation-
rate-in-2019 

Spain  289.89 (Alvarez et al., 2012), the cost was adjusted for the 
increment of inflation in Euro between 2012 and 2019. 
http://www.in2013dollars.com/eu/inflation/2012  

Czech Republic   295.69  

ICU cost/day/patient   

United Kingdom 1,908.67 YHEC-sepsis report, 2017. The cost was adjusted for the 
increment of inflation in British pound between 
2015/2016 and 2019 
https://www.poundsterlinglive.com/best-exchange-
rates/british-pound-to-euro-exchange-rate-on-2015-
06-30) http://www.in2013dollars.com/Euro-
inflation-rate-in-2019 

Spain 1,123.44 (Alvarez et al., 2012), the cost was adjusted for the 
increment of inflation in Euro between 2012 and 2019. 
http://www.in2013dollars.com/eu/inflation/2012 

Czech Republic  1,150 Personal communication on 3 March 2019 with Jan 
Zavora, MD, Clinical microbiology and ATB Centre, 
General University Hospital, Prague, Czech Republic 

ICU, intensive care unit  

The mean values for LOS in general hospital wards and ICUs for the included countries are shown 
in Table 2 along with the standard deviations used in the probabilistic Monte Carlo simulations.   

https://www.poundsterlinglive.com/best-exchange-rates/british-pound-to-euro-exchange-rate-on-2015-06-30
https://www.poundsterlinglive.com/best-exchange-rates/british-pound-to-euro-exchange-rate-on-2015-06-30
https://www.poundsterlinglive.com/best-exchange-rates/british-pound-to-euro-exchange-rate-on-2015-06-30
http://www.in2013dollars.com/Euro-inflation-rate-in-2019
http://www.in2013dollars.com/Euro-inflation-rate-in-2019
http://www.in2013dollars.com/eu/inflation/2012
https://www.poundsterlinglive.com/best-exchange-rates/british-pound-to-euro-exchange-rate-on-2015-06-30
https://www.poundsterlinglive.com/best-exchange-rates/british-pound-to-euro-exchange-rate-on-2015-06-30
https://www.poundsterlinglive.com/best-exchange-rates/british-pound-to-euro-exchange-rate-on-2015-06-30
http://www.in2013dollars.com/Euro-inflation-rate-in-2019
http://www.in2013dollars.com/Euro-inflation-rate-in-2019
http://www.in2013dollars.com/eu/inflation/2012
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Table 2. The mean hospitalization length of stay and standard deviations for sepsis patients in the three 
European countries 

Parameter  Mean LOS (standard 
deviation) 

 References  

Hospital LOS (days)   
United Kingdom 6.4 (1.6)  YHEC-sepsis report, 2017 
Spain 10.8 (2.7) (Suarez et al., 2011) 
Czech Republic 13.0 (4.9) (Malaska et al., 2013) 
ICU LOS (days)   
United Kingdom 7.8 (2.0) YHEC-sepsis report, 2017 
Spain  12.5 (3.1) (Suarez et al., 2011) 
Czech Republic 7.0 (2.6) Personal communication on 3 March 2019 with Jan 

Zavora, MD, Clinical microbiology and ATB Centre, 
General University Hospital, Prague, Czech Republic  

ICU, Intensive care unit; LOS, length of stay 

In cases where the standard deviations were not available, the standard deviations were 
approximated with the aid of an estimation formula, according to which sample variance for data 
that are not normally distributed can be estimated by dividing the range by 6 (Hozo, Djulbegovic 
and Hozo, 2005; Wan et al., 2014). For variables without an available range, the range was 
estimated by allowing the variables to vary between 50% below the base-case value and 200% 
above the base-case value (Pliakos et al., 2018). The mentioned estimation formulas were used to 
estimate the standard deviations for the LOS both in general hospital ward and ICU for sepsis 
patients in the United Kingdom and Spain (Table 2). Regarding the standard deviations for sepsis 
patients in the Czech Republic, and due to uncertainty in the estimations of the mean LOS, the 
range was divided by 4 instead of 6 as recommended by Hozo et al., (Hozo, Djulbegovic and Hozo, 
2005). 

Since BC would be used alongside the two interventional methods and has no bearing on the costs 
of SeptiFast or POC/LAB, the costs for BC were estimated to be 0 EUR in all analysis (Stevenson et 
al., 2016). Based on personal communications on 28 November and 11 December in 2018 with 
representatives from the companies developing the two instruments, Johan Eriksen at Zoetis, 
Farum, Denmark (POC) and Christoph Reschreiter at CubeDx, St. Valentin, Austria (LAB), the total 
test costs for SMARTDIAGNOS POC/LAB per patient were calculated to be 690 EUR including 
reagents/controls, labor, upfront invest and overhead and risk. While, the cost of SeptiFast was 
estimated to be 1,300 EUR including specific reagent cost, imputable structural costs and 
personnel cost. All costs were expressed in EUR and converted to 2019 rate considering the yearly 
inflation (see Appendix 1 for costs calculations). 

 

Data generation and analysis  

Data were generated using both deterministic base-case simulations and probabilistic Monte 
Carlo simulations. For the deterministic base-case simulations, the model (Eq. 1) was run using 
the hospitalization cost per day per patient (Table 1), the mean LOS (Table 2) for each case-
scenario, whereas the cost for each diagnostic strategy were assigned using the values described 
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previously. The results of the deterministic base-case simulations were used as the best estimate 
for the direct cost of sepsis per patient.     

To investigate how many days of reduction in LOS that are required to achieve economical savings 
using any of the interventional strategies, probabilistic Monte Carlo simulations were performed. 
The constructed model (Eq. 1) was run 1,000 times creating large number of randomly generated 
values for LOS. During each run, a random value was drawn and entered into the model. The model 
was first run with no differences in the mean LOS (Table 2) between the three different diagnostic 
strategies. For the following simulations, the model was run with small reduction in the LOS. This 
reduction in LOS applied to both interventional diagnostic methods, POC/LAB and SeptiFast, 
whereas the LOS was kept at the base-line value for the BC method. The different LOS and 
standard deviations in each country (Table 2) were taken into account when simulating the 
reduction in LOS for the probabilistic simulations (see Appendix 2 for LOS reductions and Monte 
Carlo simulations results). Gamma distribution was used in the probabilistic simulations to 
randomly generate the values for LOS. Gamma distribution has been recommended to model the 
waiting time (LOS) and to reflect the skewed distribution of this variable (Walker et al., 2016). All 
simulations were done using R software version 3.4.3 (R Foundation for Statistical Computing, 
Austria).  

The data generated by probabilistic simulations were analyzed by quantile regression method to 
detect any statistically significant differences between median values for the direct sepsis costs 
per patient for the base-line strategy compared to interventional strategies. Quantile regression 
analysis was performed using the quantreg package v5.35 (Koenker, 2018, https://CRAN.R 
project.org/package=quantreg) for R. The 95% confidence intervals (CI) were reported to account 
for certainty of the predicted results. The reasons for using quantile regression are that (i) it 
allows comparing the median values across groups, (ii) it is robust to outliers, and (iii) it also has 
the advantage of being distribution-free (Cook and Manning, 2013). In order to estimate the 95% 
CI around each median sepsis cost, the bootstrap method was performed using the boot package 
(Canty A, Ripley BD (2020). boot: Bootstrap R (S-Plus) Functions. R package version 1.3-25). The 
reason for using bootstrap method is that, it does not require parametric assumptions of the data 
(Briggs, Wonderling and Mooney, 1997). The resulted 95% CIs were plotted using the ggplot2 
package in R (Gómez-Rubio, 2017).  

Next, a cost-effectiveness analysis was performed to compare the relative costs and outcomes of 
different diagnostic strategies. The outcome of the cost-effectiveness analysis was the incremental 
cost-effectiveness ratio (ICER). ICER is defined as the excess cost of an interventional diagnostic 
strategy (i.e., POC/LAB, SeptiFast) over the cost of the baseline diagnostic strategy (i.e., BC) 
divided by the incremental difference in effectiveness between the strategy in question and the 
baseline strategy. The incremental difference in effectiveness was defined as both the number of 
quality-adjusted life years gained (QALYs; Eq. 2) and the number of deaths averted (Eq. 3).  

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 =
(𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑐𝑐𝑡𝑡𝑐𝑐𝑡𝑡 𝑡𝑡𝑜𝑜  𝑡𝑡ℎ𝑒𝑒 𝑑𝑑𝑑𝑑𝑡𝑡𝑑𝑑𝑑𝑑𝑡𝑡𝑐𝑐𝑡𝑡𝑑𝑑𝑐𝑐 𝑐𝑐𝑡𝑡𝑠𝑠𝑡𝑡𝑡𝑡𝑒𝑒𝑑𝑑𝑠𝑠  − 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑐𝑐𝑡𝑡𝑐𝑐𝑡𝑡 𝑡𝑡𝑜𝑜  𝑡𝑡ℎ𝑒𝑒 𝑏𝑏𝑡𝑡𝑐𝑐𝑒𝑒𝑡𝑡𝑑𝑑𝑑𝑑𝑒𝑒  𝑐𝑐𝑡𝑡𝑠𝑠𝑡𝑡𝑡𝑡𝑒𝑒𝑑𝑑𝑠𝑠)

(𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄  𝑣𝑣𝑡𝑡𝑡𝑡𝑣𝑣𝑒𝑒  𝑜𝑜𝑡𝑡𝑠𝑠 𝑡𝑡ℎ𝑒𝑒  𝑑𝑑𝑑𝑑𝑡𝑡𝑑𝑑𝑑𝑑𝑡𝑡𝑐𝑐𝑡𝑡𝑑𝑑𝑐𝑐  𝑐𝑐𝑡𝑡𝑠𝑠𝑡𝑡𝑡𝑡𝑒𝑒𝑑𝑑𝑠𝑠 − 𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄  𝑣𝑣𝑡𝑡𝑡𝑡𝑣𝑣𝑒𝑒  𝑜𝑜𝑡𝑡𝑠𝑠  𝑡𝑡ℎ𝑒𝑒 𝑏𝑏𝑡𝑡𝑐𝑐𝑒𝑒𝑡𝑡𝑑𝑑𝑑𝑑𝑒𝑒  𝑐𝑐𝑡𝑡𝑠𝑠𝑡𝑡𝑡𝑡𝑒𝑒𝑑𝑑𝑠𝑠)  
     (2)  

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 =
(𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡  𝑐𝑐𝑡𝑡𝑐𝑐𝑡𝑡 𝑡𝑡𝑜𝑜 𝑡𝑡ℎ𝑒𝑒  𝑑𝑑𝑑𝑑𝑡𝑡𝑑𝑑𝑑𝑑𝑡𝑡𝑐𝑐𝑡𝑡𝑑𝑑𝑐𝑐  𝑐𝑐𝑡𝑡𝑠𝑠𝑡𝑡𝑡𝑡𝑒𝑒𝑑𝑑𝑠𝑠 − 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑐𝑐𝑡𝑡𝑐𝑐𝑡𝑡 𝑡𝑡𝑜𝑜 𝑡𝑡ℎ𝑒𝑒  𝑏𝑏𝑡𝑡𝑐𝑐𝑒𝑒𝑡𝑡𝑑𝑑𝑑𝑑𝑒𝑒  𝑐𝑐𝑡𝑡𝑠𝑠𝑡𝑡𝑡𝑡𝑒𝑒𝑑𝑑𝑠𝑠)

(𝑐𝑐𝑣𝑣𝑠𝑠𝑣𝑣𝑑𝑑𝑣𝑣𝑡𝑡𝑡𝑡  𝑠𝑠𝑡𝑡𝑡𝑡𝑒𝑒  𝑡𝑡𝑜𝑜 𝑡𝑡ℎ𝑒𝑒  𝑑𝑑𝑑𝑑𝑡𝑡𝑑𝑑𝑑𝑑𝑡𝑡𝑐𝑐𝑡𝑡𝑑𝑑𝑐𝑐  𝑐𝑐𝑡𝑡𝑠𝑠𝑡𝑡𝑡𝑡𝑒𝑒𝑑𝑑𝑠𝑠−𝑐𝑐𝑣𝑣𝑠𝑠𝑣𝑣𝑑𝑑𝑣𝑣𝑡𝑡𝑡𝑡  𝑠𝑠𝑡𝑡𝑡𝑡𝑒𝑒  𝑡𝑡𝑜𝑜 𝑡𝑡ℎ𝑒𝑒  𝑏𝑏𝑡𝑡𝑐𝑐𝑒𝑒𝑡𝑡𝑑𝑑𝑑𝑑𝑒𝑒  𝑡𝑡𝑡𝑡𝑠𝑠𝑡𝑡𝑡𝑡𝑒𝑒𝑑𝑑𝑠𝑠)
    (3)  

QALYs gained is defined as the incremental difference in the qualities between the strategy in 
question and the baseline strategy. Pliakos et al. extracted the qualities of life for PCR-based 
methods from the European Quality of Life-5 Dimensions (EQ-5D) index population norm data 
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(Pliakos et al., 2018). The extracted QALYs by Pliakos et al. (Table 3) were used in the analysis as 
recommended by guidelines (Earnshaw and Lewis, 2008; Szende, Janssen and Cabasés, 2014; 
Sanders et al., 2016). Due to lack of data, the survival rate and the QALY for PCR-based methods 
were used to calculate the ICER for both POC/LAB and SeptiFast.  

Table 3. The quality of life years gained (QALY), and survival rates  

Parameter  Value  Reference  
Quality value (QALY)   

Blood culture  11.45 (Pliakos et al., 2018) 
POC/LAB 11.85 (Pliakos et al., 2018) 

SeptiFast  11.85 (Pliakos et al., 2018) 

Survival rate    

Blood culture  0.85 (Ly et al., 2008; Frye et al., 2012; Pliakos et al., 2018) 

POC/LAB 0.88 (Ly et al., 2008; Frye et al., 2012; Pliakos et al., 2018) 

SeptiFast  0.88 (Ly et al., 2008; Frye et al., 2012; Pliakos et al., 2018) 

LAB, LAB system; POC, point-of-care system; QALY, quality of life year gained 

Lastly, a deterministic one-way sensitivity analysis was performed to assess the impact of input 
parameters on the economic output results (i.e., ICER), and to examine the robustness of the 
results to those parameters. One-way sensitivity analysis was done on two input parameters; LOS 
(Table 2) and the cost for each diagnostic strategy. The input parameters were allowed to vary 
50% below the base-case value and 200% above the base-case value as recommended elsewhere 
(Ziakas et al., 2015; Pliakos et al., 2018). The varied values applied then in Eq. 1 to calculate the 
direct sepsis costs per patient. Then, the economic saving (ICER) was calculated using Eq. 2 and 
3. The results of one-way sensitivity analysis were presented as Tornado diagrams, where each 
analysis was summarized using a horizontal bar representing the variation of the economic output 
(ICER) around the base-case value. 

 

Results 

Sepsis patients in normal hospital ward 

POC/LAB versus BC 

In the base-case scenario that was based on the data generated from the deterministic simulation 
of the model (Eq. 1), it was found that, sepsis patients diagnosed by BC were associated with a 
direct sepsis cost of about 2,540.2 EUR/patient in the UK, 3,130.8 EUR/patient in Spain and 3,844 
EUR/patient in the Czech Republic. While, sepsis cases diagnosed by POC/LAB were associated 
with a direct cost of 3,230.2 EUR/patient in the UK, 3,820.8 EUR/patient in Spain and 4,534 
EUR/patient in the Czech Republic.  

The data generated by probabilistic Monte Carlo simulations were analysed using quantile 
regression to investigate how many days of reduction in LOS that are required to achieve 
economic savings.  It was found that POC/LAB could be a cost-effective strategy in all three 
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countries if it could reduce the hospital LOS by at least three days compared to the standard 
diagnostic method, BC (Fig. 3). 

 

 
Figure 3. Median values for direct cost of sepsis per patient in normal hospital ward in the three countries 
included in the study. A) United Kingdom. B) Spain. C) The Czech Republic. The median values for direct 
sepsis cost per patient using POC/LAB as diagnostic strategy is depicted with red markers, whereas BC 
strategy is indicated with black markers. Data was generated by Monte Carlo simulations where each 
scenario was iterated 1,000 times. Quantile regression was used to analyze the generated data. The dashed 
line indicates the lowest reduction in LOS required to achieve a statistically significant cost-saving at 
significance level α = 0.05 using POC/LAB. Bars represent 95% CIs which were generated by Bootstrap 
method in the package boot and plotted using ggplot2 package. BC, blood culture; CI, confidence interval; 
LAB, LAB system; LOS, length of stay; POC, point-of-care system.  
  

At three-days reduction in the LOS, the direct cost of sepsis per patient for patients diagnosed by 
POC/LAB in the UK was statistically significant lower (-472 EUR/patient, 95% CI, -526.7 
EUR/patient, -419.5 EUR/patient) than the direct cost for patients diagnosed by BC. In Spain, and 
at three-days reduction in the LOS, the direct cost of sepsis per patient for patients diagnosed by 
POC/LAB was statistically significant lower (-125 EUR/patient, 95% CI, -202.0 EUR/patient, -49.6 
EUR/patient) than the direct cost for patients diagnosed by BC. While, in the Czech Republic, and 
at three-days reduction in the LOS, the direct cost of sepsis per patient for patients diagnosed by 
POC/LAB was statistically significant lower (-205 EUR/patient, 95% CI, -336.9 EUR/patient, -56.3 
EUR/patient) than the direct sepsis cost for those diagnosed by BC.  

The cost-effectiveness analysis revealed that, at the baseline value of hospital LOS (Table 2), 
POC/LAB was associated with an ICER of about 1,725 EUR/QALY gained, 23,000 EUR/death 
averted. A cost-effectiveness analysis was also performed under the assumption that POC/LAB 
was able to reduce the LOS as much as required to achieve sepsis economic savings, as indicated 
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in quantile regression results. The results showed that, at three-days reduction in hospital LOS, 
POC/LAB was associated with an economic saving (ICER) of about -4,235 EUR/QALY gained, -840 
EUR/death averted in the UK, -4,828 EUR/QALY gained, -645.9 EUR/death averted in Spain and -
5,962.1 EUR/QALY gained, -710.4 EUR/death averted in the Czech Republic.  

In the deterministic one-way sensitivity analysis, which was used to assess the impact on the ICER 
when varying the hospital LOS and the cost of POC/LAB, it was found that the ICER values were 
more sensitive to variation in the hospital LOS than the cost of POC/LAB. Decreasing the LOS 50% 
below the base-case value, decreased the ICER by 184% in the UK, 227% in Spain and 279% in 
the Czech Republic. Whereas, decreasing POC/LAB cost 50% below the base-case value, decreased 
the ICER by 50% in the three countries included in the study (see Appendix 3 – Tornado diagrams, 
Fig. 1A and 1B).  

 

SeptiFast versus BC  

In the base-case scenario that was based on data generated from the deterministic simulation of 
the model, it was found that, the direct sepsis costs for patients diagnosed by BC were 2,540 
EUR/patient in the UK, 3,131 EUR/patient in Spain and 3,844 EUR/patient in the Czech Republic. 
Sepsis cases diagnosed by SeptiFast were associated with a cost of about 3,840 EUR/patient in the 
UK, 4,431 EUR/patient in Spain and 5,144 EUR/patient in the Czech Republic. 

Quantile regression analysis of data generated by Monte Carlo simulations revealed that, SeptiFast 
could be a cost effective strategy if it could reduce the hospital LOS by 4-5 days (Fig. 4). At four-
days reduction in the LOS, the direct cost of sepsis per patient for patients diagnosed by SeptiFast 
in the UK was statistically significant lower (-199 EUR/patient, 95% CI, -248.4 EUR/patient, -
150.4 EUR/patient) than the direct sepsis cost for patients diagnosed by BC. 
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Figure 4. Median values for direct cost of sepsis per patient for patients in normal hospital ward in the three 
countries included in the study. A) UK. B) Spain. C) The Czech Republic. The direct cost of sepsis per patient 
using SeptiFast as diagnostic strategy is depicted with blue markers, whereas BC strategy is indicated with 
black markers. Data was generated by Monte Carlo simulations where each scenario was iterated 1,000 
times. Quantile regression was used to analyze the data. The dashed line indicates the lowest reduction in 
LOS required to achieve a statistically significant cost-saving at significance level α = 0.05 using SeptiFast. 
Bars represent 95% CIs which were generated by Bootstrap method in the package boot and plotted using 
ggplot2 package. BC, blood culture; CI, confidence interval; LOS, length of stay. 
 

While, five-days reduction in the hospital LOS was required to achieve sepsis economic savings in 
both Spain and the Czech Republic. In Spain, the direct cost of sepsis per patient for patients 
diagnosed by SeptiFast was statistically significant lower (-79 EUR/patient, 95% CI, -150 
EUR/patient, -9.2 EUR/patient) than the direct cost per patient for those diagnosed by BC. In the 
Czech Republic, the direct cost of sepsis per patient for patients diagnosed by SeptiFast was 
statistically significant lower (-181 EUR/patient, 95% CI, -318.9 EUR/patient, -37.9 EUR/patient) 
than the direct sepsis cost for patients diagnosed by BC. 

The cost-effectiveness analysis revealed that, at the baseline values of hospital LOS, SeptiFast was 
associated with an ICER of about 3,250 EUR/QALY gained and 43,333 EUR/death averted. A cost-
effectiveness analysis was also performed under the assumption that SeptiFast was able to reduce 
the LOS as much as required to achieve sepsis economic savings, as indicated in quantile 
regression results.  The results showed that, at 4-days reduction in the LOS in the UK, SeptiFast 
was associated with an economic saving (ICER) of about -3,990 EUR/QALY gained, -591 
EUR/death averted. At 5-days reduction in LOS, SeptiFast resulted in an ICER of about -4,854 
EUR/QALY gained, -516 EUR/death averted in Spain, and -6,127 EUR/QALY gained, -748 
EUR/death averted in the Czech Republic.  

Deterministic one-way sensitivity analysis indicated that, the ICER values were more sensitive to 
variation in the hospital LOS than the cost of SeptiFast. Decreasing the LOS 50% below the base-
case value, decreased the ICER by 98% in the UK, 120% in Spain and 148% in the Czech Republic. 
While, decreasing SeptiFast cost 50% below the base-case value, decreased the ICER by 50% in 
all countries included in the study (see Appendix 3 – Tornado diagrams, Fig. 2A and 2B).  

 

 Sepsis patients in the ICU 

 POC/LAB versus BC  

In the base-case scenario that was based on the data generated from the deterministic simulation 
of the model, it was found that, the direct costs of sepsis per patient for patients diagnosed by BC 
were estimated to be 14,887.6 EUR/patient in the UK, 14,043 EUR/patient in Spain and 8,050 
EUR/patient in the Czech Republic. The direct costs of sepsis per patient for those diagnosed by 
POC/LAB were estimated to be 15,577.6 EUR/patient in the UK, 14,733 EUR/patient in Spain and 
8,740 EUR/patient in the Czech Republic.  

Quantile regression analysis of data generated by Monte Carlo simulations revealed that, 
POC/LAB could be a cost effective strategy if it could reduce the ICU LOS by 1-2 days (Fig. 5). In 
the UK, POC/LAB was a cost effective strategy at 0.7-days reduction in the ICU LOS as the direct 
sepsis cost per patient was statistically significant lower (-526 EUR/patient, 95% CI, -917.1 
EUR/patient, -112.3 EUR/patient) than the direct cost per patient for patients diagnosed by BC.  
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Figure 5. Median direct costs of sepsis per patient in the ICU in the three countries included in the study. A) 
UK. B) Spain. C) The Czech Republic. The direct cost of sepsis per patient using POC/LAB as diagnostic 
strategy is indicated with red markers, whereas BC strategy is depicted with black markers. Data was 
generated by Monte Carlo simulations where each scenario was iterated 1,000 times. Quantile regression 
was used to analyze the data. The dashed line indicates the lowest reduction in LOS required to achieve a 
statistically significant cost-saving at significance level α = 0.05 using POC/LAB. Bars represent 95% CIs 
which were generated by Bootstrap method in the package boot and plotted using ggplot2 package. BC, 
blood culture; CI, confidence interval; ICU, intensive care unit; LAB, LAB system; LOS, length of stay; POC, 
point-of-care system.  

At two-days reduction in the LOS, the direct cost of sepsis per patient for patients diagnosed by 
POC/LAB in Spain was statistically significant lower (-1,027 EUR/patient, 95%CI, -1,366 
EUR/patient, -662 EUR/patient) than the direct sepsis cost per patient for those diagnosed by BC. 
At one-day reduction in the LOS, the direct cost of sepsis per patient for patients diagnosed by 
POC/LAB in the Czech Republic was statistically significant lower (-416 EUR/patient, 95% CI, -
739.7 EUR/patient, -79.1 EUR/patient) than the direct sepsis cost per patient for those diagnosed 
by BC.  

The cost-effectiveness analysis revealed that, POC/LAB was associated with an ICER of about 
1,725 EUR/QALY gained and 23,000 EUR/death averted. A cost-effectiveness analysis was also 
performed under the assumption that POC/LAB was able to reduce the ICU LOS as much as 
required to achieve sepsis economic savings. The results showed that, in the UK and at 0.7-days 
reduction in the LOS, POC/LAB was associated with an ICER of about -23,227 EUR/QALY gained, 
-2,543 EUR/death averted. At two-days reduction in the LOS in Spain, POC/LAB resulted in an 
ICER of about -22,834 EUR/QALY gained, -3,515 EUR/death averted. While, at one-day reduction 
in LOS in the Czech Republic, POC/LAB was associated with an ICER of about -12,342 EUR/QALY 
gained, -1,634 EUR/death averted.  
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Deterministic one-way sensitivity analysis indicated that, ICER values were more sensitive to 
changes in the ICU LOS than the cost of POC/LAB. Varying the ICU LOS 50% below the base-case 
value, decreased the ICER by 1,079% in the UK, 1,009% in Spain and 583% in the Czech Republic. 
While, decreasing the cost of POC/LAB 50% below the base-case value, decreased the ICER by 
50% in the three countries (see Appendix 3 – Tornado diagrams, Fig. 3A and 3B).  

 

SeptiFast versus BC 

In the base-case scenario that was based on data generated from the deterministic simulation of 
the model, it was found that, the direct cost of sepsis per patient for patients diagnosed by BC was 
14,887.6 EUR/patient in the UK, 14,043 EUR/patient in Spain and 8,050 EUR/patient in the Czech 
Republic. Using SeptiFast to diagnose sepsis patients was associated with a cost of about 16,187.6 
EUR/patient in the UK, 15,343 EUR/patient in Spain and 9,350 EUR/patient in the Czech Republic. 

Quantile regression analysis of data generated by Monte-Carlo simulations revealed that, 
SeptiFast could be a cost effective strategy if it could reduce the ICU LOS by 1-2 days (Fig. 6). At 
one-day reduction in the ICU LOS, the direct cost of sepsis per patient for patients diagnosed by 
SeptiFast in the UK was statistically significant lower (-589 EUR/patient, 95% CI, -969 
EUR/patient, -218 EUR/patient) than the direct cost per patient for patients diagnosed by BC.  

Figure 6. Median values for direct costs of sepsis per patient in the ICU in the three countries included in the 
study. A) UK. B) Spain. C) The Czech Republic. The median values for direct costs of sepsis per patient using 
SeptiFast as diagnostic strategy are depicted with blue markers, whereas BC strategy is indicated as black 
markers. Data was generated by Monte Carlo simulations where each scenario was iterated 1,000 times. 
Quantile regression was used to analyze the data. The dashed line indicates the lowest reduction in LOS 
required to achieve a statistically significant cost-saving at significance level α = 0.05 using SeptiFast. Bars 
represent 95% CIs which were generated by Bootstrap method in the package boot and plotted using 
ggplot2 package. BC, blood culture; CI, confidence interval; ICU, intensive care unit; LOS, length of stay.  



16 
 

While, in both Spain and the Czech Republic, SeptiFast required two-days reduction in the ICU LOS 
to be cost effective strategy. At two-days reduction in the LOS, the direct cost of sepsis per patient 
for patients diagnosed by SeptiFast in Spain was statistically significant lower (-618 EUR/patient, 
95% CI, -970 EUR/patient, -243 EUR/patient) than the direct cost of sepsis per patient for those 
diagnosed by BC. While, in the Czech Republic and at two-days reduction in the LOS, the direct 
cost of sepsis per patient for patients diagnosed by SeptiFast was statistically significant lower (-
969 EUR/patient, 95% CI, -1,250 EUR/patient, -684 EUR/patient) than the direct cost of sepsis 
per patient for those diagnosed by BC. 

The cost-effectiveness analysis indicated that, SeptiFast was associated with an ICER of about 
3,250 EUR/QALY gained and 43,333 EUR/death averted. A cost-effectiveness analysis was also 
performed under the assumption that SeptiFast was able to reduce the LOS as much as required 
to achieve sepsis economic savings. The results showed that, at one-day reduction in LOS in the 
UK, SeptiFast was associated with an ICER of about -22,646 EUR/QALY gained and -2,562 
EUR/death averted. At two-days reduction in ICU LOS, SeptiFast resulted in an ICER of about -
22,198 EUR/QALY gained and -3,047 EUR/death averted in Spain and -13,025 EUR/QALY gained 
and -2,234 EUR/death averted in the Czech Republic.  

Deterministic one-way sensitivity analysis indicated that, the ICER values were more sensitive to 
changes in the ICU LOS than the cost of SeptiFast. Decreasing the ICU LOS 50% below the base-
case value, decreased the ICER by 573% in the UK, 536% in Spain and 310% in the Czech Republic. 
While, decreasing the cost of SeptiFast 50% below the base-case value, decreased the ICER by 
50% in all countries included in the study (see Appendix 3 – Tornado diagrams, Fig. 4A and 4B). 

Discussion 

This study aimed to determine and assess the direct sepsis-related costs for different diagnostic 
methods that are based on PCR like SeptiFast and POC/LAB. A mathematical model was 
constructed to compare the direct costs of sepsis between conventional BC and the rapid 
diagnostic methods that are based on PCR. The mathematical model facilitated comparisons 
between different diagnostic strategies by considering the cost of the competing strategies, the 
hospitalization cost and LOS.  It also examined the cost-effectiveness outcomes of the new 
diagnostic methods for sepsis patients in the normal hospital ward and the ICU. The cost 
effectiveness studies integrate information about health outcomes and the health care costs and 
provide tools that can be used to assess the value of clinical interventions and help in the clinical 
decision-making (Kang, Goodney and Wong, 2016; Garrison, Kamal-Bahl and Towse, 2017). The 
study was designed to investigate how many hospitalization days needed to be reduced by the 
rapid molecular diagnostic methods that are based on PCR like POC/LAB and SeptiFast in order 
to achieve sepsis economic savings. The main finding of this study was that, the hospitalization 
LOS was the major determinant of the direct costs of sepsis. Decreasing the LOS had a great impact 
on the direct costs of sepsis which was greater than the effect achieved by decreasing the cost of 
the diagnostic strategies. As such, a new diagnostic technique that considerably decreases the LOS 
would be cost-effective even if the cost for the diagnostic technique itself was high. The same 
finding achieved by another study which investigated many rapid molecular diagnostic tests and 
how they could reduce the hospitalization stay and increased the economic savings (Pliakos et al., 
2018).  

Another finding of the current study was that, among PCR-based diagnostic strategies included in 
this study, POC/LAB was the most cost-effective strategy in sepsis diagnostics. POC/LAB required 
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less reduction in the normal hospital ward LOS (3 days) to achieve sepsis economic savings 
compared to SeptiFast which required 4-5 days’ reduction in the LOS to be a cost effective 
strategy. While, in the ICU, both SeptiFast and POC/LAB required 1-2 days’ reduction in the ICU 
LOS to achieve sepsis economic savings. However, the economic savings achieved by using 
POC/LAB were greater in both the normal hospital ward and the ICU than the economic savings 
achieved by SeptiFast.   

The current study found that, POC/LAB and SeptiFast significantly decreased the direct costs of 
sepsis if they could reduce the LOS in the normal hospital ward by 3-5 days (Fig. 3 & 4). This 
finding was in agreement with the results of another study that evaluated the use of rapid PCR 
diagnostic techniques in the diagnosis of patients with bacteremia. That study found that, the LOS 
in the normal hospital ward was decreased by 4.5 days (P-value = 0.018) after using rapid PCR 
diagnostic methods (Wong et al., 2012). However, the findings reported by Wong and colleagues 
should be taken with caution as the authors mainly focused on bloodstream infections caused by 
coagulase-negative staphylococci bacteria. They did not study PCR-methods on whole blood 
samples. Another drawback of that study, is the small sample size as they only analyzed 53 
patients, making the results liable for being biased and cannot be fully trusted. In a cost-
minimization study that was carried out on patients with severe sepsis or septic shock, it was 
found that, the hospital LOS for patients diagnosed by SeptiFast was reduced by 3 days (P-value 
<0.05) compared to patients diagnosed by conventional BC (Alvarez et al., 2012). In another study 
that examined the cost-effectiveness of the use of rapid molecular diagnostic tests for patients 
with severe sepsis and septic shock, it was found that the molecular diagnostic tests were cost-
saving in cases were the LOS in the normal hospital ward was reduced by 4 days (Zacharioudakis 
et al., 2019). Zacharioudakis and colleagues reported also that, at 4 days reduction in the LOS in 
the normal hospital ward, the use of molecular diagnostic strategies was associated with a saving 
of about $20,000 (about 17,713 EUR) per death averted (Zacharioudakis et al., 2019). Similar 
results were achieved in the current study. At 4-days reduction in the hospital LOS, POC/LAB was 
associated with a saving of about 27,067 EUR/death averted, and SeptiFast resulted in about 
6,633 EUR/death averted. While, at 4 days-reduction in the ICU LOS, POC/LAB resulted in a saving 
of about 233,167 EUR/death averted, and SeptiFast resulted in a saving of about 206,600 
EUR/death averted. However, POC/LAB was superior to SeptiFast as it only required 1-3 days’ 
reduction in the hospitalization LOS to achieve economic savings (15,733 EUR/death averted to 
82,900 EUR/death averted). While, SeptiFast required 2-5 days’ reduction in LOS to achieve sepsis 
economic savings (162,067 EUR/death averted to 137,133 EUR/death averted). 

In the current study, it was found that, both POC/LAB and SeptiFast diagnostic strategies could 
reduce the direct costs of sepsis if the ICU LOS was reduced by at least 1-2 days in all countries 
included in the study (Fig. 5 and 6). This finding was in agreement with the results of another 
studies which reported that PCR based diagnostic strategies helped improve the clinical decision-
making as they shorten the mean time to switch from empiric antimicrobial to specific targeted 
antimicrobial therapy by 25.4 hours (Bauer et al., 2010; French et al., 2016; Almangour, Alhifany 
and Tabb, 2017). In the previous mentioned study by Alvarez et al, it was found that, the ICU LOS 
for sepsis patients diagnosed by PCR-based methods was 8 days shorter (P-value <0.05) than the 
ICU LOS for sepsis patients diagnosed by conventional BC, and the total sepsis cost for patients 
diagnosed by PCR methods was less than the total cost for patients diagnosed by BC (Alvarez et 
al., 2012). However, the results reported by Alvarez et al, should be taken with caution due to a 
small sample size as the study analyzed 54 patients diagnosed by conventional BC and 48 patients 
diagnosed by PCR-based methods.  
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Another study revealed that, the use of rapid PCR-based molecular diagnostic methods in sepsis 
diagnosis was associated with 1.15 days shorter duration of ventilation and ICU stay for each day 
of earlier adequate treatment (Lutz E. Lehmann et al., 2010). In a nonequevalent comparative 
study of adult inpatients with bloodstream infection, it was found that, after using PCR diagnostic 
techniques, the ICU LOS was 6.2 days less compared to patients diagnosed with conventional BC, 
and the mean hospital costs were $21,387 (about 18,928 EUR) less per patient (Bauer et al., 2010). 
Bauer and collegues’ study focused on patients with bacteremia caused by Staphylococcus aures ,  
and the study represented a small sample size and was a single-center, nonrandomized design 
making the results liable for being biased. In a review focusing on currently available rapid 
diagnostic tests and the impact of rapid testing in combination with antimicrobial stewardship 
programs on septic patients outcomes, the authors recommended that the use of rapid 
microbiological test should be done in combination with the antimicrobial stewardship programs 
in order to improve patient outcomes and to reduce the healthcare costs (Bauer et al., 2014). 
However, in another study that aimed to address the cost-effectiveness of the rapid diagnostic 
strategies for the diagnosis of bloodstream infections with or without antimicrobial stewardship 
programs, it was found that, PCR based methods resulted in sepsis economic savings that were 
similar irrespective of whether they were combined with antimicrobial stewardship programs or 
not (Pliakos et al., 2018). 

The findings of the deterministic one-way sensitivity analysis revealed by the current study were 
in agreement with the results of the probabilistic Monte Carlo simulations indicating that, small 
decreases in the hospital and ICU-LOS would decrease the direct cost of sepsis and thus increase 
the sepsis economic savings. While, decreasing the cost of the diagnostic strategies did not show 
a great impact on the cost-effectiveness outcomes. The results of the deterministic one-way 
sensitivity analysis achieved in the current study suggested that, the hospitalization LOS was the 
decisive factor in determining the cost-effectiveness outcomes. Tornado diagrams (Appendix 3), 
which are a graphical depiction of how variations in each model input affect the cost-effectiveness 
output, show that the ICER values were more sensitive to variation in the hospitalization LOS than 
to variation in the cost of the diagnostic strategies. These findings were in line with the results 
reported by Pliakos and colleagues as they reported that among the parameters that influenced 
direct sepsis costs, the hospitalization cost per day per patient and the LOS were the most 
influential variables in determining the cost-effectiveness results (Pliakos et al., 2018).  

The diagnosis of sepsis using PCR-based methods on whole blood samples has some drawbacks 
and limitations. Microbiological diagnosis of sepsis directly from whole blood has been limited for 
a long time by the low number (1 to 10) of colony-forming unit (CFU/ml) of circulating organisms 
responsible for bloodstream infection. (Opota, Jaton and Greub, 2015). This CFU/ml is the result 
of quantitative analysis obtained by conventional plating methods and it underestimates the true 
number of bacterial cells present in the blood (Opota, Jaton and Greub, 2015). It was found that, 
during a bloodstream infection, there are about 103 to 104 genomic copies/ml, and this bacterial 
load is above the detection limit of most PCR-based diagnostic methods (Bacconi et al., 2014). 
Another limiting factor of PCR techniques on whole blood is the high quantity of human DNA that 
could interfere with primers and probes binding during PCR (Opota, Jaton and Greub, 2015). 
Therefore, human DNA should be reduced or removed by using specific removal or degradation 
of human DNA after extraction of nucleic acids (Hoorfar, Wolffs and Rådström, 2004). Moreover, 
whole blood can inhibit PCR reaction. One of the well-known PCR inhibitors is iron as it can inhibit 
PCR by inhibiting DNA synthesis (Hoorfar, Wolffs and Rådström, 2004). Another inhibitor is 
immunoglobulin, particularly IgG, which binds single-stranded DNA and inhibit PCR (Al-Soud, 
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Jönsson and Rådström, 2000). Anticoagulants such as heparin have also to be avoided in order to 
reduce the risk of PCR inhibition (Yokota et al., 1999). PCRs are very sensitive to contamination, 
like DNA from the environment, DNA from dead bacteria or fungi or from PCR reagents despite 
using nucleic acid-free compounds, and these contaminants give false-positive results (Vernon, 
Shukla, et al., 2002). In addition to that, successfully controlled infections by the immune system 
or by an efficient anti-infectious therapy will release pathogenic DNA that can persist several days 
in the blood and it can interfere with PCR results (Vernon, Unger, et al., 2002). However, PCR 
diagnostic techniques have many advantages. Beside the ability to shorten the hospitalization LOS 
and the sepsis economic savings that are described in this study, PCR-based techniques are able 
to detect microorganisms independent of enrichment via BC (Opota, Jaton and Greub, 2015). 
Secondly, PCR methods are culture independent giving a snapshot of what microorganisms 
present in the bloodstream (Opota et al., 2015). They can provide information about strain type, 
antimicrobial resistance and virulence factors (Ecker et al., 2010).  

There are some limitations that should be addressed in this study. First, the data have not been 
stratified by age and other comorbidities. Secondly, and due to lack of data, the study did not 
account for readmission costs and the costs associated with antibiotic discontinuation, antibiotic-
related side effects or continued drug treatment after hospital discharge. It was not possible to 
perform analysis to calculate the indirect sepsis costs due to lack of data. Finding data was 
problematic for many of the model parameters (e.g. hospitalization costs, QALYs and survival 
rates).  Many studies focused mainly on sepsis patients who were treated in the ICU, and this led 
to a lack of data on the hospitalization costs for those who were treated outside the ICU. Because 
of this problem, no data were found on the hospitalization cost for sepsis patients who were 
treated in the normal ward in the Czech Republic, and these costs were estimated based on the 
hospitalization costs for sepsis patients in Spain. It was difficult to find strategy specific survival 
rates and QALYs for patients diagnosed by POC/LAB and SeptiFast. Instead, the QALYs and the 
survival rates for these diagnostic methods were estimated based on data from other publications 
that reported the QALYs and survival rate of PCR based methods. Finally, the standard deviations 
for the different hospitalization LOS were not precisely measured but estimated based on an 
estimation formula that was recommended by previous publications.  

In conclusion, the use of PCR-based diagnostic strategies as a complement to BC is expected to 
provide rapid detection of clinically important pathogens responsible for sepsis. This will in turn 
improve the clinical decision-making by shortening the mean time required to identify the 
causative pathogens. This study has demonstrated how the use of POC/LAB and SeptiFast results 
in sepsis economic savings if they were able to reduce LOS. It also examined other input 
parameters indicating that the LOS was the most influential parameter in determining cost 
effectiveness results. It also has the potential to reduce sepsis complications triggered by long ICU 
or hospital stay. The findings discussed in this study provide data that can be used to better inform 
the selection of diagnostic methods and help in the clinical decision-making. 

Ethical aspects, gender perspectives, and impact on the society 

Data used in this study was collected from published articles and the study did not involve humans 
or animals, and no patient intervention occurred with the obtained results. Thus, the thesis work 
did not need ethical approval from a committee or similar instance. There is no conflict of interest 
in this project. The results will not be skewed or written in a misleading way in order to convey 
an outcome different to the true obtained results.  
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Epidemiological studies conducted on sepsis patients in the ICU reported higher sepsis incidence 
in males compared to females (Annane et al., 2003; Dombrovskiy et al., 2007). Another studies 
have shown that the immune response to infection differs between sexes and females have 
advantageous immunologic responses during infections explaining the lower sepsis incidence in 
females (Angele et al., 1997; Nasir et al., 2015). Using PCR-based diagnostic methods in sepsis 
diagnosis will benefit males as sepsis incidence is higher in males than females. No data was found 
on sepsis incidence between genders in the normal hospital ward as most of the scientific 
publications focused on sepsis cases in the ICU.  

The expected impacts on the society that are associated with this study, are that, the project will 
analyze the expected cost-effectiveness and clinical benefits that are associated with the use of 
molecular diagnostic methods. These methods are expected to trigger earlier sepsis diagnosis and 
earlier specific antibiotics treatment which will lower the rate of the inadequate empirical 
antibiotics treatment that will lead to reduction in the incidence of antibiotic resistance (Lutz E. 
Lehmann et al., 2010). Patients with sepsis who received prompt and adequate antimicrobial 
therapy have 10-15% lower mortality rate compared to those who received inadequate empirical 
treatment (Burchardi and Schneider, 2004). The molecular diagnostic methods are expected to 
reduce the long hospitalization stay associated with sepsis and thus reduce sepsis-associated 
complications like stress disorders, cognitive impairments and amputations (Deutschman and 
Tracey, 2014). They will also facilitate faster and more specific clinical decision-making (Alvarez 
et al., 2012), lowering the personnel costs which consume about 45% to >60% of the total ICU 
budget (Burchardi and Schneider, 2004).  

Future perspectives 

It would be interesting for the future studies to examine the economic savings that could be 
achieved by using strategy-specific data, like for example the LOS associated with the use of 
POC/LAB or SeptiFast for sepsis diagnostics as these data become available. Finding data on sepsis 
patients treated outside the ICU was problematic, as most of the available data were for septic 
patients in the ICU. This lack of data indicates the need for more studies that focus on sepsis cases 
treated outside the ICU in order to accurately assess the findings achieved by this study.  

This project focused on the use of SeptiFast and POC/LAB in sepsis diagnostics. It would be 
interesting for the future research to focus on other PCR-based diagnostic studies and compare 
them with BC. The current study revealed that, the use of POC/LAB and SeptiFast as 
complementary to BC was associated with sepsis economic savings if they could reduce the 
hospitalization stay. Considering the limitations associated with BC method, it would be important 
for the future projects to study whether PCR-based diagnostic strategies could replace BC or not.   

POC/LAB is a new PCR-based diagnostic technique promising to detect microbial pathogens in the 
blood within few hours. Therefore, it would be of great importance for the future studies to 
investigate this technique on in-hospital sepsis patients and to study sepsis costs and the 
economic savings associated with the use of this technique.  

Furthermore, it would be of great value to the society to study the indirect sepsis-related costs 
and the economic savings that can be achieved to the society by using the rapid molecular 
diagnostic tests. 
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Appendix 1 

Cost calculations for SMARTDIAGNOS POC/LAB and SeptiFast per patient 

The cost for POC/LAB 

All patients arriving to the emergency department suspected having sepsis will be tested using 
POC. The average cost for POC test has been assumed to be 30 EUR/patient (personal 
communication on 11 December 2018 with Johan Eriksen at Zoetis in Denmark). If the POC test is 
positive, the patient will be sampled by using the LAB test. The average cost of the LAB test has 
been estimated to be around 148.5 EUR/patient (personal communication on 28 November 2018 
with Christoph Reschreiter at CubeDx in Austria).  

All costs were changed to EUR at https://www.poundsterlinglive.com and converted to 2019 EUR 
rate at  http://www.in2013dollars.com/Euro-inflation.  

Sample size (n) = 1,000 sepsis patients. POC will be done for all patients.  

In order to calculate the cost for POC/LAB per patient, the following was done: 

POC key consumable costs: 1,000 test × 30 EUR = 30,000 EUR 

DNA extraction costs using GINA = 13.5 EUR/test (Personal communication with Johan Eriksen, 
Zoetis in Denmark, and Christoph Reschreiter, CubeDx in Austria)  

Imputable structural costs such as pipettes, tubes, etc., = 3 EUR (Alvarez et al., 2012). 

Upfront investments = 4 EUR (Stevenson et al., 2016). 

annual maintenance and service charge = 3 EUR (Stevenson et al., 2016).  

1,000 tests x 10 EUR = 10,000 EUR 

GINA DNA extraction consumable costs (2 extractions per sample): 2 × 1000 test × 13.5 EUR = 
27,000 EUR.  

The hourly personnel labor costs 33.54 EUR per test (Lutz E. Lehmann et al., 2010). 

Salary lab technician (including GINA DNA extraction 45 min and 5 min hands-on for POC): 50/60 
hrs. × 33.54 EUR per test = 27.95 EUR/test. For 1,000 tests this will be 27,950 EUR 

So the total cost for POC: 30,000 + 10,000 + 27,000 + 27,950 = 94,950 EUR/1000 test  

The positivity rate for PCR test has been reported to be 14% (Ljungström et al., 2015). In the 
present study, the positivity rate for POC test assumed to be 30% as more samples expected to be 
positive by using the new technique. It means that 30% of the tests will be positive by POC and 
70% negative. So, for 300 patients additional sampling and analysis will be done by using the LAB 
test.  

LAB consumable costs: 300 tests × 135 EUR = 40,500 EUR 

The hourly cost for labor for LAB test: 0.25 hr. (15 min) × 33.54 EUR per test = 8.39 EUR/test  

300 tests × 8.39 EUR = 2,517 EUR 

Total cost for LAB: 40,500 + 2,517 = 43,017 EUR/1000 tests  

https://www.poundsterlinglive.com/
http://www.in2013dollars.com/Euro-inflation
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Around 70% of these 300 patients with positive results, the output will be clinical relevant 
(Korber et al., 2017). This can be accounted by assuming a cost of 43,017 EUR per 200 patients.  

This will give us a POC/LAB cost of 94,950 + 43,017 = 137,967 EUR/200 patients ≈ the average 
cost per septic patient is 690 EUR for reagents/controls, labor etc.  

 

The cost for SeptiFast 

Sample size (n) = 1,000 sepsis patients. SeptiFast will be used to analyze the whole blood samples 
from all patients. We use the estimate of 260 EUR for SeptiFast per patient: 260 EUR x 1000 
patients = 260,000 EUR. Of these 1000 patients, 26-33% will be positive (Lutz Eric Lehmann et 
al., 2010; Korber et al., 2017), and of these positive tests around 70% will be of clinical relevance 
(Korber et al., 2017). This will give us an estimate of around 20% of all tested SeptiFast in our 
target group for reduced length of stay. In out model, this accounted to be 260,000 per 200 
patients. So, the cost of SeptiFast was assumed to be 260,000 / 200 = 1300 EUR for 
reagents/control, labor and etc.   
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Appendix 2 

The results of the probabilistic analysis (Monte Carlo simulations)  

Patients in the United Kingdom: 

Hospital length of stay (LOS) = 6.4 days, standard deviation (SD) = 1.6 day 

ICU length of stay = 7.8 days (SD = 2.0 days) 

Hospital cost/day/patient = 396.91 Euro  

ICU cost/day/patient = 1,908.67 Euro 

Table 1. The mean days reduced in hospital length of stay and their standard deviations (SD) for sepsis patients 
who were admitted to the normal hospital ward in the United Kingdom 

Mean day reduced in LOS BC mean hospital-LOS (SD) days PCR mean hospital-LOS (SD) days 
0 6.4 (1.6) 6.4 (1.6) 
0.1 6.4 (1.6)  6.3 (1.6) 
0.2 6.4 (1.6) 6.2 (1.6) 
0.3 6.4 (1.6) 6.1 (1.5) 
0.4 6.4 (1.6) 6.0 (1.5) 
0.5 6.4 (1.6) 5.9 (1.5) 
0.6 6.4 (1.6) 5.8 (1.5) 
0.7 6.4 (1.6) 5.7 (1.4) 
0.8 6.4 (1.6) 5.6 (1.4) 
0.9 6.4 (1.6) 5.5 (1.4) 
1 6.4 (1.6) 5.4 (1.4) 
2 6.4 (1.6) 4.4 (1.1) 
3 6.4 (1.6) 3.4 (0.9) 
4 6.4 (1.6) 2.4 (0.6) 
5 6.4 (1.6) 1.4 (0.4) 
6 6.4 (1.6) 0.4 (0.1)  

 

Table 2. The results of Monte Carlo simulations for sepsis patients admitted to the normal hospital ward in the 
United Kingdom.  

Mean days 
reduced in 
LOS 

Direct 
sepsis 
cost/patient 
using BC 

Direct sepsis 
cost/patient 
using 
POC/LAB 

Direct sepsis 
cost/patient 
using 
SeptiFast 

95% CI 
  BC-POC/LAB                 BC-SeptiFast  

0 2493.2 3202.0 3781.0 632.3, 775.3 1213.0, 1354.9 
0.1 2458.6 3160.0 3680.0 627.5, 771.8 1142.8, 1295.2 
0.2 2421.0 3104.0 3688.0 613.3, 754.1 1198.9, 1335.4 
0.3 2485.9 3067.0 3668.0 512.2, 649.6 1113.2, 1250.2 
0.4 2481.0 3048.0 3603.0 493.8, 635.6 1051.3, 1183.8 
0.5 2513.0 2994.0 3589.0 421.8, 537.4 1015.3, 1131.7 
0.6 2518.0 2953.0 3527.0 362.2, 499.0 946.7, 1061.5 
0.7 2471.0 2965.0 3564.0 425.0, 557.2 1025.7, 1157.5 
0.8 2476.0 2849.0 3441.0 306.2, 436.4 897.6, 1025.0 
0.9 2452.5 2809.0 3429.0 290.4, 422.2 908.3, 1040.5 
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1 2508.1 2763.0 3400.0 189.5, 321.7 826.0, 954.2 
2 2446.7 2420.0 2985.0 -89.5, 39.7 472.9, 602.5 
3 2487.0 2015.0 2599.0 -526.7, -419.5 55.3, 164.3 
4 2436.0 1624.0 2237.0 -860.9, -763.7 -248.4, -150.4  
5 2487.0 1231.1 1836.0 -1313.9, -1196.3 -708.8, -591.0 
6 2496.7 843.5 1457.0 -1702.2, -1600.6 -1089.3, -987.3 

 

Table 3. The mean days reduced in ICU length of stay and their SDs for sepsis patients who were admitted to 
the ICU in the United Kingdom. 

Mean day reduced in LOS BC mean ICU-LOS (SD) days PCR mean ICU-LOS (SD) days 
0 7.8 (1.95) 7.8 (2.0) 
0.1 7.8 (1.95) 7.7 (1.9) 
0.2 7.8 (1.95) 7.6 (1.9) 
0.3 7.8 (1.95) 7.5 (1.9) 
0.4 7.8 (1.95) 7.4 (1.9) 
0.5 7.8 (1.95) 7.3 (1.8) 
0.6 7.8 (1.95) 7.2 (1.8) 
0.7 7.8 (1.95) 7.1 (1.8) 
0.8 7.8 (1.95) 7.0 (1.8) 
0.9 7.8 (1.95) 6.9 (1.7) 
1 7.8 (1.95) 6.8 (1.7) 
2 7.8 (1.95) 5.8 (1.5) 
3 7.8 (1.95) 4.8 (1.2) 
4 7.8 (1.95) 3.8 (1.0) 
5 7.8 (1.95) 2.8 (0.7) 
6 7.8 (1.95) 1.8 (0.5) 
7 7.8 (1.95) 0.8 (0.2) 

 

 

Table 4. Monte Carlo simulations in R for sepsis patients admitted to the ICU in United Kingdom. 

Mean 
days 
reduced 
in LOS 

Direct sepsis 
cost/patient 
using BC 

Direct sepsis 
cost/patient 
using POC/LAB 

Direct sepsis 
cost/patient 
using SeptiFast 

95% CI 
     BC-POC/LAB                  BC-SeptiFast 

0 14853.0 15155.0 15782.0 -114.2, 707.8 542.9, 1283.9 
0.1 14528.0 15108.0 16042.0 126.8, 1027.2 1056.8, 1949.4 
0.2 14903.0 14869.0 15450.0 -437.8, 372.0 103.6, 971.8 
0.3 14781.0 14698.0 15090.0 -478.2, 324.2 -120.2, 724.2 
0.4 14313.0 14509.0 15221.0 -218.1, 603.9 498.3, 1308.5 
0.5 14624.0 14373.0 14984.0 -643.3, 189.3 -30.4, 788.0 
0.6 14701.0 14343.0 14875.0 -791.6, 86.8 -40.6, 692.0 
0.7 14550.0 14024.0 14525.0 -917.1, -112.3 -401.8, 383.4 
0.8 14635.0 13554.0 14071.0 -1493.5, -643.3 -1012.8, -110.8 
0.9 14552.0 13704.0 14333.0 -1214.8, -473.2 -603.2, 164.4 
1 14642.0 13353.0 14053.0 -1650.3, -918.1 -969.4, -218.4 
2 14983.0 11562.0 12102.0 -3807.3, -3031.5 -3262.8, -2498.0 
3 14447.0 9585.0 10333.0 -5176.1, -4543.5 -4434.6, -3791.0 
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4 14718.0 7723.0 8520.0 -7327.9, -6646.7 -6525.1, -5854.3 
5 14340.0 5880.0 6550.0 -8757.2, -8147.6 -8095.9, -7474.5 
6 14711.0 4039.0 4697.0 -10959.5, -10354.7 -10303.1, -9693.9 
7 14621.0 2175.0 2791.0 -12738.9, -12142.7 -12123.2, -11526.2 

 

Sepsis patients in Spain: 

Hospital-LOS = 10.8 days (SD = 2.7 days) 

ICU-LOS = 12.5 days (SD = 3.1 days)  

Hospital cost/day/patient = 289.89 Euro 

ICU cost/day/patient = 1123.44 Euro 

Table 5. The mean days reduced in hospital length of stay and their SDs for sepsis patients who were admitted 
to the normal ward in Spain.  

Mean days reduced in LOS BC mean hospital-LOS (SD) PCR mean hospital-LOS (SD) 
0 10.8 (2.7) 10.8 (2.7) 
0.1 10.8 (2.7) 10.7 (2.7) 
0.2 10.8 (2.7) 10.6 (2.7) 
0.3 10.8 (2.7) 10.5 (2.6) 
0.4 10.8 (2.7) 10.4 (2.6) 
0.5 10.8 (2.7) 10.3 (2.6) 
0.6 10.8 (2.7) 10.2 (2.6) 
0.7 10.8 (2.7) 10.1 (2.5) 
0.8 10.8 (2.7) 10.0 (2.5) 
0.9 10.8 (2.7) 9.9 (2.5) 
1 10.8 (2.7) 9.8 (2.5) 
2 10.8 (2.7) 8.8 (2.2) 
3 10.8 (2.7) 7.8 (2.0) 
4 10.8 (2.7) 6.8 (1.7) 
5 10.8 (2.7) 5.8 (1.5) 
6 10.8 (2.7) 4.8 (1.2) 
7 10.8 (2.7) 3.8 (1.0) 
8 10.8 (2.7) 2.8 (0.7) 
9 10.8 (2.7) 1.8 (0.5) 
10 10.8 (2.7) 0.8 (0.2) 

 

 

Table 6. Monte Carlo simulations in R for sepsis patients who were admitted to the normal ward in Spain 

Mean days 
reduced in 
LOS 

Direct sepsis 
cost/patient 
using BC 

Direct sepsis 
cost/patient 
using POC/LAB  

Direct sepsis 
cost/patient 
using SeptiFast 

                        95% CI 
BC-POC/LAB           BC-SeptiFast 

0 3055.0 3719.0 4391.0 576.6, 748.2 1250.2, 1418.4 
0.1 3078.0 3704.0 4336.0 538.4, 710.8 1176.8, 1335.6 
0.2 3100.0 3653.0 4298.0 464.9, 643.3 1109.5, 1284.7 
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0.3 3029.0 3670.0 4320.0 560.4, 724.2 1200.0, 1377.6 
0.4 3085.0 3638.0 4245.0 467.4, 642.6 1071.1, 1246.3 
0.5 3038.0 3545.0 4217.0 422.5, 588.7 1099.7, 1256.1 
0.6 3033.0 3647.0 4174.0 521.5, 701.3 1052.8, 1226.8 
0.7 3038.0 3588.0 4156.0 466.3, 636.5 1036.9, 1196.9 
0.8 3117.0 3486.0 4164.0 293.3, 443.1 961.2, 1126.2 
0.9 3070.0 3517.0 4076.0 363.4, 531.2 919.4, 1090.0 
1 3086.0 3478.0 4081.0 308.0, 476.2 908.2, 1079.2 
2 3107.0 3203.0 3776.0 13.4, 177.2 586.7, 745.1 
3 3046.0 2921.0 3498.0 -202.0, -49.6 370.3, 529.5 
4 3068.0 2606.0 3242.0 -530.8, -396.8 104.8, 239.2 
5 3040.0 2341.0 2961.0 -769.7, -626.3 -150.4, -9.2 
6 3135.0 2065.0 2680.0 -1144.7, -992.9 -529.3, -379.1 
7 3058.0 1769.0 2383.0 -1363.8, -1214.4 -750.4, -599.8 
8 3086.0 1502.0 2097.0 -1648.5, -1517.1 -1054.4, -922.2 
9 3094.0 1205.0 1803.0 -1953.1, -1823.5 -1355.3, -1226.1 
10 3100.0 913.0 1527.0 -2244.4, -2124.0 -1630.6, -1510.2 

 

 

Table 7. Mean days reduced in ICU length of stay and their SDs for sepsis patients who were admitted to the 
ICU in Spain. 

Mean days reduced in LOS BC mean ICU-LOS (SD) PCR mean ICU-LOS (SD)  
0 12.5 (3.1)  12.5 (3.1) 
0.1 12.5 (3.1) 12.4 (3.1) 
0.2 12.5 (3.1) 12.3 (3.1) 
0.3 12.5 (3.1) 12.2 (3.1) 
0.4 12.5 (3.1) 12.1 (3.0) 
0.5 12.5 (3.1) 12.0 (3.0) 
0.6 12.5 (3.1) 11.9 (3.0) 
0.7 12.5 (3.1) 11.8 (3.0) 
0.8 12.5 (3.1) 11.7 (3.0) 
0.9 12.5 (3.1) 11.6 (2.9) 
1 12.5 (3.1) 11.5 (2.9) 
2 12.5 (3.1) 10.5 (2.6) 
3 12.5 (3.1) 9.5 (2.4) 
4 12.5 (3.1) 8.5 (2.1) 
5 12.5 (3.1) 7.5 (1.9) 
6 12.5 (3.1) 6.5 (1.6) 
7 12.5 (3.1) 5.5 (1.4)     
8 12.5 (3.1) 4.5 (1.1) 
9 12.5 (3.1) 3.5 (0.9) 
10 12.5 (3.1) 2.5 (0.6) 
11 12.5 (3.1) 1.5 (0.4) 
12 12.5 (3.1) 0.5 (0.1) 
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Table 8. The results of Monte Carlo simulations for sepsis patients who were admitted to the ICU in Spain 

Mean days 
reduced in 
LOS 

Direct sepsis 
cost/patient 
using BC 

Direct sepsis 
cost/patient 
using 
POC/LAB 

Direct sepsis 
cost/patient 
using 
SeptiFast 

95% CI 
BC-POC/LAB        BC-SeptiFast 

0 13881.0 14779.0 15172.0 552.2, 1233.8 944.2, 1625.2 
0.1 13909.0 14559.0 15049.0 246.5, 1046.9 753.6, 1517.2 
0.2 13747.0 14253.0 14621.0 106.2, 899.6 464.8, 1279.8 
0.3 13838.0 14207.0 14488.0 -8.8, 731.0 266.2, 1009.0 
0.4 13861.0 14304.0 14681.0 46.9, 821.5 429.6, 1202.2 
0.5 13779.0 13687.0 14572.0 -456.0, 278.2 442.3, 1133.3 
0.6 13656.0 13648.0 14275.0 -375.4, 364.0 218.1, 1007.9 
0.7 13776.0 13639.0 14159.0 -532.4, 258.2 -48.4, 806.6 
0.8 13737.0 13429.0 14281.0 -681.4, 61.8 196.7, 876.1 
0.9 13683.0 13437.0 14025.0 -626.3, 154.1 -39.6, 736.4 
1 13559.0 13437.0 13948.0 -504.2, 270.8 -24.3, 792.3 
2 13515.0 12488.0 12897.0 -1366.2, -662.2 -970.7, -243.1 
3 13743.0 11084.0 11707.0 -2984.8, -2302.0 -2319.2, -1740.6 
4 13681.0 9976.0 10771.0 -4012.1, -3385.7 -3244.3, -2572.5 
5 13953.0 9015.0 9640.0 -5234.0, -4608.8 -4625.2, -3959.2 
6 13809.0 7876.0 8473.0 -6273.1, -5585.1 -5668.5, -4994.7 
7 13753.0 6703.0 7202.0 -7354.2, -6734.0 -6856.5, -6240.3 
8 13783.0 5652.0 6206.0 -8431.7, -7816.3 -7873.1, -7258.5 
9 13872.0 4586.0 5115.0 -9594.3, -8975.3 -9062.2, -8445.6 
10 13728.0 3430.0 4040.0 -10590.9, -10002.9 -9980.5, -9390.5 
11 13557.0 2320.0 2949.0 -11490.8, -10971.4 -10861.3, -10342.7 
12 13771.0 1241.8 1853.0 -12832.0, -12223.2 -12221.8, -11613.0 

 

 

Sepsis patients in the Czech Republic: 

Hospital-LOS = 13.0 days (SD = 4.9 days) 

Hospital cost/day/patient = 295.69 EUR  

ICU-LOS = 7.0 days (SD = 2.6 days) 

ICU cost/day/patient = 1150 Euro 

Table 9. Mean days reduced in hospital length of stay and their SDs for sepsis patients who were admitted to 
the normal ward in the Czech Republic 

Mean days reduced in LOS BC mean hospital-LOS (SD) PCR mean hospital-LOS (SD) 
0 13.0 (4.9) 13.0 (4.9)  
0.1 13.0 (3.3) 12.9 (4.8) 
0.2 13.0 (3.3) 12.8 (4.8) 
0.3 13.0 (3.3) 12.7 (4.8) 
0.4 13.0 (3.3) 12.6 (4.7) 
0.5 13.0 (3.3) 12.5 (4.7) 
0.6 13.0 (3.3) 12.4 (4.7) 
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0.7 13.0 (3.3) 12.3 (4.6)  
0.8 13.0 (3.3) 12.2 (4.6) 
0.9 13.0 (3.3) 12.1 (4.5) 
1 13.0 (3.3) 12.0 (4.5) 
2 13.0 (3.3) 11.0 (4.1) 
3 13.0 (3.3) 10.0 (3.8) 
4 13.0 (3.3) 9.0   (3.4) 
5 13.0 (3.3) 8.0   (3.0) 
6 13.0 (3.3) 7.0   (2.6) 
7 13.0 (3.3) 6.0   (2.3) 
8 13.0 (3.3) 5.0   (1.9) 
9 13.0 (3.3) 4.0   (1.5) 
10 13.0 (3.3) 3.0   (1.1) 
11 13.0 (3.3) 2.0   (0.8) 
12 13.0 (3.3) 1.0   (0.4) 

 

Table 10. The results of Monte Carlo simulations for sepsis patients who were admitted to the normal ward in 
the Czech Republic 

Mean days 
reduced in 
LOS 

Direct sepsis 
cost/patient 
using BC 

Direct sepsis 
cost/patient 
using POC/LAB 

Direct sepsis 
cost/patient 
using SeptiFast 

95% CI 
BC-POC                     BC-SeptiFast 

0 3683.5 4352.0 4892.0 502.8, 826.2 1051.4, 1356.0 
0.1 3608.2 4298.0 4941.0 548.8, 828.0 1184.2, 1481.4 
0.2 3639.0 4224.0 4910.0 437.2, 734.4 1110.2, 1427.0 
0.3 3698.4 4373.0 4864.0 505.6, 842.8 993.9, 1334.5 
0.4 3605.9 4236.0 4790.0 470.3, 791.7 1037.3, 1324.3 
0.5 3725.9 4182.0 4816.0 294.6, 599.6 929.4, 1230.0 
0.6 3669.0 4225.0 4779.0 397.3, 721.1 951.3, 1260.2 
0.7 3657.5 4145.0 4686.0 331.6, 643.6 879.9, 1175.9 
0.8 3676.6 4130.0 4764.0 283.7, 618.5 919.3, 1252.1 
0.9 3702.1 4119.0 4698.0 276.2, 558.8 846.0, 1141.9 
1 3667.9 4006.0 4758.0 171.9, 501.9 934.4, 1241.4 

2 3631.9 3871.0 4419.0 94.4, 384.4 645.3, 927.5 
3 3703.7 3499.0 4120.0 -336.9, -56.3 274.0, 557.0 
4 3582.2 3203.0 3846.0 -489.5, -247.3 153.7, 392.1 
5 3713.3 2980.0 3532.0 -871.0, -584.4 -318.5, -37.9 
6 3614.9 2675.0 3341.0 -1064.7, -812.3 -399.6, -144.8 
7 3690.2 2326.0 3017.0 -1481.3, -1244.1 -794.4, -551.0 
8 3720.1 2090.0 2720.0 -1753.4, -1506.0 -1126.4, -873.2 
9 3740.7 1805.4 2409.0 -2050.8, -1812.4 -1448.0, -1208.8 
10 3680.4 1528.2 2164.0 -2264.7, -2039.3 -1629.4, -1402.2 
11 3609.5 1239.4 1867.0 -2474.1, -2259.3 -1848.4, -1632.8 
12 3679.6 966.1 1584.0 -2822.5, -2604.1 -2204.5, -1986.1 

 

Table 11. Mean days reduced in ICU length of stay and their SDs for sepsis patients who were admitted to the 
ICU in the Czech Republic 

Mean days reduced in LOS BC mean ICU-LOS (SD) PCR mean ICU-LOS (SD) 
0 7.0 (2.6)  7.0 (2.6)  
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0.1 7.0 (2.6)  6.9 (2.6) 
0.2 7.0 (2.6)  6.8 (2.6) 
0.3 7.0 (2.6)  6.7 (2.5) 
0.4 7.0 (2.6)  6.6 (2.5) 
0.5 7.0 (2.6)  6.5 (2.4) 
0.6 7.0 (2.6)  6.4 (2.4) 
0.7 7.0 (2.6)  6.3 (2.4) 
0.8 7.0 (2.6)  6.2 (2.3) 
0.9 7.0 (2.6)  6.1 (2.3) 
1 7.0 (2.6)  6.0 (2.3) 
2 7.0 (2.6)  5.0 (1.9)  
3 7.0 (2.6)  4.0 (1.5) 
4 7.0 (2.6)  3.0 (1.1) 
5 7.0 (2.6)  2.0 (0.8) 
6 7.0 (2.6)  1.0 (0.4)  

 

Table 12. The results of Monte Carlo simulations in R for sepsis patients who were admitted to the ICU in Czech 
Republic 

Mean days 
reduced in 
LOS 

Direct sepsis 
cost/patient 
using BC 

Direct sepsis 
cost/patient 
using POC/LAB 

Direct sepsis 
cost/patient 
using SeptiFast 

95% CI 
   BC-POC/LAB                   BC-SeptiFast  

0 7761.0 8510.0 9002.0 389.0, 1091.4 900.8, 1570.6 
0.1 7803.0 8328.0 8754.0 210.1, 830.3 639.1, 1258.5 
0.2 7964.0 8215.0 8894.0 -69.0, 566.0 592.7, 1240.7 
0.3 7655.0 7925.0 8603.0 -32.3, 267.7 645.1, 1236.3 
0.4 7700.0 7775.0 8483.0 -241.4, 381.4 443.7, 1093.3 
0.5 7580.0 7869.0 8530.0 -40.5, 609.5 630.9, 1251.5 
0.6 7709.0 7618.0 8531.0 -407.9, 211.9 505.7, 1120.7 
0.7 7627.0 7741.0 8119.0 -228.4, 425.8 172.4, 787.0 
0.8 7738.0 7457.0 7989.0 -570.6, 22.8 -45.1, 560.9 
0.9 7636.0 7312.0 8052.0 -651.8, 2.0 -188.9, 392.5 
1 7614.0 7198.0 7807.0 -739.7, -79.1 -17.3, 540.1 
2 7703.0 6028.0 6734.0 -1621.0, -1096.6 -1250.3, -683.9 
3 7822.0 5171.0 5760.0 -2945.5, -2344.1 -2359.6, -1752.0 
4  7628.0 3926.0 4609.0 -3937.4, -3461.2 -3251.8, -2780.6 
5 7579.0 2877.0 3501.0 -4925.7, -4464.7 -4302.0, -3843.8 
6 7722.0 1769.8 2400.0 -6163.9, -5729.5 -5535.2, -5098.6 
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Appendix 3 

Tornado diagrams 

Sepsis patients in the normal hospital ward  

 

POC/LAB 

 

Figure 1. Tornado diagrams (deterministic one-way sensitivity analysis) for POC/LAB diagnostic strategy 
in the normal hospital ward. The graphs show the relative influence of hospital LOS and the cost of POC/LAB 
on the cost-effectiveness outcomes (ICER) in the three counties included in the study. In Fig. 1.A the ICER is 
depicted as EUR/QALY gained. While, in Fig. 1.B the ICER is indicated as EUR/death averted. Red bands 
indicate the effect of high sensitivity values, while green bands indicate the effect of low sensitivity values. 
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SeptiFast 

 

Figure 2. Tornado diagrams (deterministic one-way sensitivity analysis) for SeptiFast diagnostic strategy 
in the normal hospital ward. The graphs show the relative influence of hospital LOS and the cost of SeptiFast 
on the cost-effectiveness outcomes (ICER) in the three counties included in the study. In Fig. 2.A the ICER is 
depicted as EUR/QALY gained. While, in Fig. 2.B the ICER is indicated as EUR/death averted. Red bands 
indicate the effect of high sensitivity values, while green bands indicate the effect of low sensitivity values. 
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Sepsis patients in the ICU 

 

POC/LAB 

 

Figure 3. Tornado diagrams (deterministic one-way sensitivity analysis) for POC/LAB diagnostic strategy 
in the ICU. The graphs show the relative influence of ICU LOS and the cost of POC/LAB on the cost-
effectiveness outcomes (ICER) in the three counties included in the study. In Fig. 3.A the ICER is depicted as 
EUR/QALY gained. While, in Fig. 3.B the ICER is indicated as EUR/death averted. Red bands indicate the 
effect of high sensitivity values, while green bands indicate the effect of low sensitivity values. 

 

 

 

 

 



39 
 

 

SeptiFast 

 

Figure 4. Tornado diagrams (deterministic one-way sensitivity analysis) for SeptiFast diagnostic strategy 
in the ICU. The graphs show the relative influence of ICU LOS and the cost of SeptiFast on the cost-
effectiveness outcomes (ICER) in the three counties included in the study. In Fig. 4.A the ICER is depicted as 
EUR/QALY gained. While, in Fig. 4.B the ICER is indicated as EUR/death averted. Red bands indicate the 
effect of high sensitivity values, while green bands indicate the effect of low sensitivity values. 
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