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Abstract  
The overall aims of this thesis were to improve prediction, diagnostics and 
knowledge on epidemiology of sepsis. 

In paper I, we developed and evaluated an integrated platform for rapid analysis of 
sepsis-causing organisms directly from blood samples. Testing with blood samples 
spiked with bacteria and samples from septic patients indicate that the detection 
limit of the system is in the upper part of clinically relevant bacteria concentration 
range. The paper describes proof-of-principle for the integrated system for faster 
sepsis diagnostics. 

In paper II, we assessed the incidence of hospital-treated sepsis in an entire 
population based on clinical findings. The annual incidence for severe sepsis 
(sepsis-2) was 687/100 000 person years (95% CI 549-824) and the annual incidence 
for sepsis-3 was 780/100 000 person years (95% CI 633-926). These estimates are 
closer to the true incidence of sepsis compared to estimates based on ICD-codes. 

In paper III & IV, we evaluated different early warning scores for sepsis prediction 
and detection. We also developed and evaluated a candidate warning score for sepsis 
based on vital signs and heparin-binding protein. NEWS2 was superior to qSOFA 
and RETTS for screening for sepsis. Even with a statistical approach, we could not 
construct better warning scores for sepsis than NEWS2.  

In paper V, patients with sepsis admitted to an ICU were retrospectively studied in 
a clinical chart review. We found a high proportion of bacteremic patients, probably 
due to that clinical chart review minimizes the misdiagnosis of other conditions. We 
also demonstrated higher mortality among bacteremic patients, than in non-
bacteremic patients. 
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Populärvetenskaplig sammanfattning på svenska 
Sepsis är ett livshotande tillstånd som uppstår när kroppens immunförsvar 
överreagerar på en infektion. Vid sepsis är det viktigt med snabb upptäckt och 
diagnos för att kunna påbörja behandling. 
Det övergripande syftet med denna avhandling var att förbättra upptäckt och 
diagnostik av sepsis samt öka kunskapen om dess epidemiologi. 
I vår första studie utvecklade och utvärderade vi ett integrerat system för snabb 
analys av sepsis-orsakande organismer direkt från blodprover. Det testade systemet 
fungerade såtillvida att det kunde påvisa och art-bestämma bakterier på mindre än 
2 timmar. Systemet behöver vidareutvecklas för att öka känsligheten samt för att 
kunna identifiera fler bakteriearter.  
I vårt andra arbete beräknade vi förekomsten av sjukhusbehandlad sepsis. Den 
vanliga metoden för att beräkna hur många som drabbas av sepsis är att använda 
hälso- och sjukvårdsregistret. Dit skickas data var gång en patient skrivs ut från 
sjukhus. Datan i hälso- och sjukvårdsregistret innehåller information om vad 
patienten har vårdats för och alla sjukdomar är klassificerade med unika koder 
(International Classification of Disease, ICD). Patienter med sepsis har dessvärre 
sällan erhållit koder för sepsis, varför vi istället mätte och beräknade förekomsten 
av sepsis genom att granska journaler. Den årliga förekomsten av svår sepsis var 
cirka 700/100 000 person och år. Denna uppskattning är mer nära den verkliga 
förekomsten av sepsis jämfört med uppskattningar baserade på ICD-koder. 
I arbete III & IV utvärderade vi olika verktyg för att hitta patienter som har eller 
riskerar att utveckla sepsis. Av de utvärderade verktygen visade sig NEWS2 vara 
överlägset över qSOFA och RETTS för att förutspå och upptäcka sepsis. Vi försökte 
även utveckla ett nytt verktyg för att förutspå och upptäcka sepsis baserat på vitala 
parametrar och laboratorieprovet heparinbindande protein. Även med ett statistiskt 
tillvägagångssätt för att utveckla ett nytt verktyg kunde vi inte konstruera ett bättre 
verktyg för att hitta sepsis än NEWS2. 
Arbete V är en granskning av vilka mikroorganismer som orsakat sepsis bland 
patienter med sepsis som behövt intensivvård. Vi hittade en hög andel (54%) 
patienter med bakterier i blodbanan, s.k. bakteremi. Hos ytterligare en andel av 
patienterna kunde mikroorganismer hittas i andra prover men hos 30% av 
patienterna med sepsis hittades aldrig den utlösande mikroorganismen. Vi visade 
också att dödligheten i sepsis är högre bland patienter med bakteremi än bland icke-
bakteremiska patienter. 
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The history 

The word sepsis is derived from Greek where it was first encountered in a Homer’s 
poem as a form of the word sepo, , meaning “I rot” (1). The syndrome of sepsis 
was, however, described even long before in ancient Egypt when previously curable 
wounds became incurable, once accompanied by fever, flush, perspiration, pus and 
odour. The term sepsis was used by Hippocrates, Aristotle and Plutarch, even 
without knowledge about the process of infection, as an accurate clinical description 
of systemic inflammation; “A local lesion, heated by humor afflux, makes the whole 
body become feverish. One can die because of this, especially on odd numbered 
days”. Sepsis has been recognized as a clinical entity through western civilization, 
even though the predominant concept of disease was to be caused by miasma. Its 
use declined in the medieval ages until the renaissance, but the word sepsis has 
persisted for more than 2 500 years with more or less unchanged meaning. In the 
19th century, scientists like Semmelweis, Klebs, Pasteur, Koch and Lister revealed 
the germ theory of infectious diseases and sepsis. In 1904 Osler declared “The 
patient appears to die from the body’s response to infection rather than from it”. 
Still, the germ theory was predominant until the late 20th century when antibiotics 
were developed and it was evident that patients with sepsis died even after the 
pathogen was eradicated (2, 3). 
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The definitions 

In the 20th century, multiple terms describing sepsis were used such as blood 
poisoning, bacteremia, sepsis, septicemia and septic syndrome. In 1992 the 
American College of Chest Physician and the Society of Critical Care Medicine 
(ACCP/ SCCM) international consensus conference published the first consensus 
definition of sepsis (sepsis-1). It aimed to improve bedside detection and allow 
standardization of research protocols. The ACCP/SCCM specified clinical criteria 
for systemic inflammatory response syndrome (SIRS) and defined sepsis as SIRS 
in the presence of infection. Furthermore, the ACCP/SCCM defined different 
degrees of severity of sepsis; severe sepsis when accompanied by organ 
dysfunction, hypoperfusion or hypotension and septic shock when complicated by 
persisting hypotension despite adequate fluid resuscitation (4). Since then, 
limitations of these definitions have been recognized. In an update in 2001 the list 
of diagnostic criteria were expanded, but due to lack of supporting evidence the 
sepsis definitions were only slightly altered (sepsis-2) (5). The sepsis definition 
remained largely unchanged until an improved understanding of the pathobiology 
of sepsis and the need to re-examine the current definitions of sepsis was recognized. 
Since sepsis has been proven to evolve from both immunologic and non-
immunologic and both pro- and anti-inflammatory processes and not as a 
continuum, the distinction between sepsis and severe sepsis no longer had any 
pathobiological rational and was abandoned. Also, the two terms sepsis and severe 
sepsis were used interchangeably, which complicated clinical work and 
interpretations of research. New definitions improved the limitations of earlier 
versions and parsimony was prioritized. The new sepsis definition, designated 
sepsis-3, was established; Sepsis is a life-threatening organ dysfunction caused by 
a dysregulated host response to infection. Different scoring systems were evaluated 
for clinical criteria for sepsis. A pre-existing scoring-system; Sequential Organ 
Failure Assessment (SOFA) was found to be the most suitable for detection of organ 
dysfunction due to its predictive validity. An acute increase by 2 or more SOFA 
points represents organ dysfunction and along with infection are defined as sepsis. 
Septic shock is defined as sepsis with persisting hypotension requiring vasopressors 
to maintain mean arterial pressure (MAP)  65 mmHg and having serum lactate >2 
mmol/L despite adequate volume resuscitation (6). Table 1 summarizes the sepsis 
definitions 1-3. 
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As long as there is no gold standard for sepsis against which the diagnostic criteria 
can be calibrated, the definitions will be arbitrary, imperfect and in need of 
revisions.  
Table 1. Summary of the sepsis definitions 1-3 

Sepsis -1 Sepsis-2 Sepsis-3 
Infection = microbial 
phenomenon characterized by 
an inflammatory response to the 
presence of microorganisms or 
the invasion of normally sterile 
host tissue by those organisms 

Infection = pathologic process caused by 
the invasion of normally sterile tissue or 
fluid or body cavity by pathogenic or 
potentially pathogenic microorganisms 

The definitions of infection were 
not addressed. 
 

Sepsis = the systemic response 
to infection manifested by two or 
more of SIRS conditions: 
1. Temperature >38°C or <36°C 
2. Heart rate >90 beats/ minute 
3. Respiratory rate >20 breaths 
per minute or PaCO2 <32 
mmHg 
4. WBC count >12,000/mm3, 
<4,000/mm3, or >10% immature 
forms 

Sepsis = infection documented or 
suspected, and some of the following: 
General variables 
Fever (>38.3°C) 
Hypothermia ( 36°C) 
Heart rate >90 beats/ minute or >2 SD 
above the normal value for age 
Tachypnea >30 breaths/ minute 
Altered mental status 
Significant oedema or positive fluid 
balance (>20 mL/kg over 24 h) 
P-glucose >120 mg/dL or 7.7 mmol/L in 
the absence of diabetes 
Inflammatory variables 
WBC count >12,000/ L, <4,000/ L or 
>10% immature forms  
Plasma C-reactive protein >2 SD above 
the normal value 
Plasma procalcitonin >2 SD above the 
normal value 
Hemodynamic variables  
SBP  90 mmHg, MAP 70, or an SBP 
decrease >40 mmHg in adults or >2 SD 
below normal for age 
Mixed venous oxygen saturation >70% 
Cardiac index >3.5 L/min/m2 
Organ dysfunction variables 
PaO2/FIO2 300 
urine output  0.5 mL/kg/hr or 45 mmol/L 
for at least 2 hrs 
Creatinine increase >0.5 mg/dL 
INR >1.5 or aPTT >60 seconds 
Ileus (absent bowel sounds) 
Platelet count  100,000/ L 
Plasma total bilirubin >4 mg/dL or 70 
mmol/L 
Tissue perfusion variables 
Hyperlactatemia (>1 mmol/L) 
Decreased capillary refill or mottling 

Sepsis is defined as life-
threatening organ dysfunction 
caused by a dysregulated host 
response to infection. 
 
Organ dysfunction can be 
identified as an acute change in 
total SOFA score 2 points 
consequent to the infection. 

Severe sepsis = sepsis 
associated with organ 
dysfunction, hypoperfusion (may 
include, but are not limited to 
lactic acidosis, oliguria, or an 
acute alteration in mental status) 
or hypotension (SBP  90 
mmHg or an SBP decrease >40 
mmHg from baseline in the 
absence of other causes for 
hypotension) 

Severe sepsis = sepsis complicated by 
organ dysfunction 
Organ dysfunction can be defined using 
the definitions developed by Marshall et al 
or by SOFA  

The term severe sepsis is 
considered redundant 
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Table 1 continued 

Sepsis -1 Sepsis-2 Sepsis-3 
Septic shock = sepsis-induced 
hypotension despite adequate 
fluid resuscitation along with the 
presence of perfusion 
abnormalities 

Septic shock = acute circulatory failure 
characterized by persistent arterial 
hypotension (a systolic arterial pressure 
<90 mm Hg or MAP<60 mm Hg or a 
reduction of ~40 mm Hg from baseline) 
in the absence of other causes for 
hypotension 

Septic shock is a subset of sepsis 
in which underlying circulatory 
and cellular/metabolic 
abnormalities are profound 
enough to substantially increase 
mortality. 
Patients with septic shock can be 
identified with sepsis with 
persisting hypotension requiring 
vasopressors to maintain MAP 
65 mm Hg and having a serum 

lactate level >2 mmol/L (18mg/dL) 
despite adequate volume 
resuscitation 

Table 2. The SOFA score 

Organ System Score 
0 1 2 3 4

Respiration 
PaO2/FiO2, mmHg 

 400 < 400 < 300 < 200 with 
respiratory 
support 

< 100 with 
respiratory 
support 

Coagulation 
Platelets x103/μL 

 150 149 - 100 99 - 50 49 -20 < 20 

Liver 
Bilirubin, μmol/L 

< 20 20-32 33-101 102-204 >204 

Cardiovascular MAP  70 
mmHg 

MAP <70 
mmHg 

Catechol-
aminea 

Catechol-
amineb

Catechol-
aminec

Central nervous 
system, GCSd 

15 13-14 10-12 6-9 <6

Renal 
Creatinine, μmol/L 
Urine output, mL/d 

<110 110-170 171-299 300-440 
<500 

> 440 
< 200 

a Dopamine <5 μg/kg/min for at least 1 hour or dobutamine  
b Dopamine 5.1-15 or epinephrine  0.1 or norepinephrine  0.1μg/kg/min for at least 1 hour 
c Dopamine >15 or epinephrine or > 0.1 or norepinephrine >0.1μg/kg/min for at least 1 hour 
d Glascow Coma Scale 
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The PIRO model 

PIRO is a concept for grading and classification of sepsis. The PIRO model was 
developed as an effort to classify the heterogenous sepsis patients similar to how 
oncologists for a long time have classified cancer patients. Cancer has many 
aetiologies with different clinical courses and responses to treatment. The TNM 
model in oncology divides patients with solid tumours according to tumour 
characteristics (T), presence of regional lymph node metastasis (N) and presence of 
distant metastasis (M). PIRO is based on the four elements of predisposition, insult, 
response and organ dysfunction to identify subgroups for prognosis, clinical 
management and inclusion in clinical therapeutic interventions. Predisposition 
factors are for example genetic profile, comorbid conditions, age and gender. Insult 
factors are for example site of infection, extension of infection, pathogen, and 
whether the infection is hospital-acquired or community-acquired. Response, 
represents the host response to infection and might be assessed by biomarker 
patterns. Organ dysfunction is the severity of disease. PIRO is not yet a fully 
developed staging system, rather a template that promotes the four domains to be 
considered for classification (7). 



20 



21 

The epidemiology 

As a heterogenous entity, sepsis’ contribution to history and to morbidity and 
mortality of today remains elusive. Its causes and pathogen-based recognition are 
well-known as the Black death, the small pox epidemic in the New World conquest, 
the Spanish flu, HIV and coronavirus. Data on sepsis epidemiology are often 
retrieved from administrative hospital discharge data by identifying patients with 
International Classification of Disease Ninth and Tenth revision codes (ICD-9 and 
ICD-10) for sepsis (8, 9). ICD was endorsed by the World Health Organization 
(WHO) in 1948. Introduction of new revisions has varied between countries and 
several countries have developed own modifications of the ICD which hamper 
comparisons (10). Also, factors such as quality of documentation and 
reimbursement incentives could influence the ICD-coding. Studies have 
demonstrated that the incidence of ICD-coded sepsis increases at a greater rate than 
infection (11). A significant proportion of an increase in sepsis codes was 
temporally related to policy changes affecting sepsis coding and reimbursement 
(12). Only a minority of the sepsis patients receive an explicit ICD code for sepsis, 
for example 18% in Sweden and one third in the U.S. (13, 14). Consequently, sepsis 
may be underestimated in administrative data irrespective of external incentives. In 
order to address this problem, various ICD combinations emerged that link infection 
and organ dysfunction codes to capture clinical sepsis (implicit coding). Depending 
on the code abstraction strategy used for case identification, estimates of sepsis 
incidence may vary by more than three-fold within the same cohort; e.g. from 13 to 
43 per 100 000 person years in Sweden and from 300 to 1031 per 100 000 person 
years in the U.S. (15, 16). Comparing ICD-based studies of sepsis epidemiology 
with a gold standard of clinical chart review, an implicit coding strategy was found 
to have a sensitivity of 59% and a positive predictive value of 22% for the 
identification of sepsis cases in administrative data (17). 

Clinical epidemiological data on sepsis are often limited to certain wards or 
populations, most often intensive care units (ICU). The incidence of intensive care-
treated sepsis was for example estimated to 31 per 100 000 person years in Spain (18). 
Given that the majority of the sepsis patients are not treated in the ICU and that the 
number of ICU beds in the population is highly variable (e.g. 29 per 100 000 persons 
in Germany, and 6 per 100 000 persons in Sweden), these estimates fail to incorporate 
a substantial proportion of sepsis cases and are thus not comparable (19). 
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Population-based incidence estimates exist from just a few countries and they vary 
considerably, more likely due to methodological differences or different definitions of 
sepsis, than natural variation between countries. Henriksen et al reviewed all patients 
≥15 years at one medical emergency department (ED) in Denmark and estimated an
incidence of community-acquired severe sepsis of 457 per 100 000 person years (20).
A large Chinese study of all hospitalizations among patients ≥18 years in one study
centre observed an incidence of sepsis of 236 per 100 000 person years (21).

Only a few population-level prospective studies exist. In the Faroe Islands, all 
community-acquired severe sepsis in patients ≥16 years were prospectively 
registered, equating in an incidence of 644 per 100 000 person years (22). Donnelly 
et al. found an incidence of sepsis-3 of 580 per 100 000 person years in data from 
the REGARDS cohort, which consists of longitudinal data from adults ≥45 years in 
the U.S. (23). 

The increasing use of electronic health registries (EHR) allows estimations of sepsis 
epidemiology in large data sets (20, 24). For example, in the U.S. Rhee et al 
analyzed 10% of adult hospitalizations between 2009 and 2014 and found an 
incidence of sepsis of 530 per 100 000 person years. They validated their EHR-
based method against manual clinical chart review as gold standard and presented a 
sensitivity of 70% (95% CI 53-92%) and a positive predictive value of 70% (95% 
CI 64-77%). Furthermore, the incidence and mortality of sepsis remained relatively 
stable over time when using EHR data, while the sepsis incidence based on ICD-
codes increased and mortality decreased during the same time frame. This 
demonstrates again that ICD-based estimates may be vulnerable to clinical 
awareness, quality of documentation and coding practices whereas validation 
against clinical chart review or EHR data can help to improve the accuracy of 
estimates (13).  

Recently, the first global report on epidemiology of sepsis was published in the 
Lancet. The global incidence and mortality of sepsis were estimated to 678 per 
100 000 person years and 148 per 100 000 person years, respectively. There was a 
high variability in these estimates between countries, related to sociodemographic 
index. They also demonstrated decreases in sepsis incidence by 37% and in sepsis 
mortality by 53% from 1990 to 2017. Estimates were based on death certificate data 
and included input of cause-of-death and hospital care, allowing to model estimated 
global sepsis cases and deaths. However, modelling assumptions and imputation 
steps can introduce bias, as the model inputs were derived from the multiple cause 
of death data from four countries and hospital data from ten countries. These 
countries were high- and middle-income countries and data were subsequently 
extrapolated to low-income countries (25). 

Table 3 and figure 1 summarize the highly diverse sepsis incidences (2–1336 per 
100 000 person years) and mortalities (17-71%) from population-based studies on 
sepsis incidence in adults 2015-2019. 
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Figure 1. Summary of sepsis mortality, from population-based studies on sepsis epidemiology in adults 2015-2019. 
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The long-term effects 

Irrespective of chosen method for incidence and mortality estimate, there is a large 
number of sepsis survivors. Rudd et al assessed the number to 38 million persons 
each year (25). 

From a large cohort of nationally sampled persons in the U.S. Iwashyna et al pulled 
out the subset which had been hospitalized for sepsis and demonstrated that new 
and persistent disability was common. Half of those reported with disability had not 
been treated in an ICU for the sepsis episode. Among disabilities demonstrated was 
a 3.5-fold increase in moderate to severe cognitive impairment. On average the 
persons had 1.5 new limitations in functional disability, such as inabilities to cook, 
manage toilet visits, dressing or bathing (56). A common approach for assessing 
long-term effects has been point-prevalence studies within a certain time interval 
following critical illness. These studies have shown high prevalence of mental 
illness including anxiety (30-40%), depression (28-34%) and post-traumatic stress 
disorder (36-42%) (57-59). Even though these studies do not have a baseline, 
prevalence is evidently higher than population norms. In a longitudinal cohort, 
Davydow et al found exactly the same prevalence of mental illness before and after 
sepsis (60). It is possible that mental illness is more common among people 
vulnerable to sepsis. Either way, mental illness is common and needs to be 
addressed following sepsis in order to promote recovery (61).  

Forty percent of sepsis patients are re-hospitalized in the next 90 days. The most 
common reasons are recurrent sepsis followed by aspiration pneumonia, acute renal 
failure and cardiovascular events (62, 63). In a propensity score matched cohort, 
Prescott et al found 20% of sepsis patients to suffer from an attributable death the 
next two years as a result of sepsis (64).  

The theoretical model for long-term effects of sepsis is that the patients do not return 
to homeostasis after sepsis but have an ongoing inflammation or immune 
suppression (65, 66).  

Animal studies have demonstrated post-sepsis mice to be at increased risk of 
infection, to have an accelerated atherosclerotic disorder resulting in cardiovascular 
disease and an accelerated tumour growth causing cancer (67-69). However, after a 
systematic review and meta-analysis of sepsis and long-term mortality Shankar-Hari 
et al stated that epidemiological criteria for a causal relationship between sepsis and 
post-acute mortality is not consistently observed (70).  
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The long-term effects are complex interactions of risk factors for sepsis, sepsis 
treatment and, critical illness. One can conclude that there is a need to disentangle 
the effects of individual aspects of disease and treatment and to characterize and 
predict trajectories of recovery. 
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The pathophysiology  

When a microorganism enters the body, pathogen-associated molecular patterns 
(PAMP) are recognized by pattern recognition receptors (PRR) and both are 
involved in activating the immune system (71). PAMPs are evolutionary conserved 
molecular structures expressed by different pathogens, recognized by the different 
PRRs that contribute to the induction of the profound dysregulated host response in 
sepsis. The PRRs also recognize damage-associated molecular patterns (DAMP), 
which are host molecules released from injured cells (72). The interaction between 
PRRs and their ligands leads to signalling cascades and release of various cytokines. 
This release will induce further cytokine production similar to a cytokine storm of 
pro- and anti-inflammatory cytokines of different categories such as tumour 
necrosis factor (TNF), interferons, growth factors and interleukins (73). In sepsis 
the host response fails to return to homeostasis in a complex way with components 
like excessive inflammation and immune suppression. Figure 2 (65, 74). The 
individual host response in sepsis is for example related to pathogen, focus of 
infection, immune status, epigenetic control of gene transcription and 
polymorphism in sepsis-associated genes (75, 76).  

Figure 2. Schematic picture of pro- and antiinflammation in sepsis. Red = Inflammatory response, blue= 
antiinflammatory response  
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Sepsis is manifested as organ dysfunction. The multiple signal ways involved in 
transmitting the dysregulated host response through extraordinarily complex 
trajectories are not fully understood. Neutrophils activated in response to infection 
release neutrophil extracellular traps (NETs). NETs are web-like formations of 
extracellular DNA with histones, myeloperoxidase and elastase, involved in 
pathogen clearance, coagulation and vascular inflammation (77). Heparin-binding 
protein (HBP), also known as azurocidin or CAP37, is stored in neutrophils and is 
released from secretory vesicles and azurophilic granules of neutrophils after 
contact with bacterial products or neutrophil adhesion and can be augmented by the 
presence of specific antibodies towards bacterial structures (78-80). HBP binds to 
endothelial cells and is involved in the increase of vascular permeability, one of the 
hallmarks in sepsis (81). There are profound alterations of the endothelium in sepsis, 
including disruption of the endothelial barrier by the loss of glycocalyx, intercellular 
adhesions and other supportive molecules. The endothelial dysfunction contributes 
to vasodilation and tissue oedema which jointly with vasopressin deficiency, 
paradoxical downregulation of vasoconstrictive receptors, increase in nitric oxide 
and smooth muscle cell relaxation, contribute to arterial and further venous 
vasodilation (82). This reduces the pressure gradient, decreased venous return and 
cardiac output. Also, mitochondrial dysfunction, inflammation-induced cardiac 
dysfunction and impaired chronotropic response aggravate the cardiovascular 
dysfunction (83). Micro- and macrocirculation impairment contribute to global 
hypoperfusion and subsequent organ dysfunction. This is further exacerbated by 
occlusion of tissue beds due to platelet aggregation and thrombus formation. For 
example, hypoperfusion, inflammatory signals and oxidative stress can cause acute 
tubular damage in the kidneys. In the liver hypoxia during sepsis contributes to 
dysfunction. Hypoperfusion in the central nervous system causes dysfunction 
together with oxidative stress of mediators that diffuse through an intact blood-brain 
barrier. Furthermore, the inflammatory response can disrupt the blood-brain barrier 
and concomitant hepatic and renal dysfunction increase the level of toxins affecting 
the brain (84). Alveolar injury and increased pulmonary vascular permeability lead 
to an increased pulmonary dead space, impaired gas exchange, hypoxemia and 
hypercapnia, eventually causing acute respiratory distress syndrome (ARDS) (85). 
Epithelial barrier function is involved in the altered function of the gut. The 
increased permeability allows bacterial translocation and further gut injury due to 
effect of activated pancreatic enzymes (86, 87). Inflammation and coagulation are 
strongly linked and various coagulation pathways can be activated. A strong 
activation of the coagulation system can eventually lead to disseminated 
intravascular coagulation (DIC) and subsequent depletion of circulating platelets 
resulting in thrombocytopenia (88). 
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The therapy 

Ever since Kumar et al published a study, showing that delay in commencing 
antimicrobials after the onset of hypotension during sepsis increased mortality by 
7.6% by each hour for the first 6 hours, the effect of early antibiotics has been under 
debate (89). Increased survival with early antibiotic administration at least in 
patients with sepsis and hypotension has been demonstrated in several observational 
studies, yet not in others (90-92). A large meta-analysis concluded that there may 
be increased odds of death among patients reaching treatment after >3 hours, but 
this did not reach significance (93). There are no in-hospital randomized controlled 
trials, although in a Dutch study patients were randomized to receive antibiotics 
prehospitally without improved survival (94). Time-to-intervention is a complex 
variable confounded by many factors. For example, treatment is often delayed in 
more complicated patients and often given sooner in patients with more severe 
disease. The timing of an intervention often correlates with the timing of other 
interventions and also the onset of the disease is difficult to discriminate. 
Furthermore, studies are confounded by antibiotic therapy being inappropriate (95). 
Several studies have confirmed the connection between inappropriate antibiotic 
therapy and higher mortality and organ dysfunction (96, 97). 

Clinical practice guidelines often rely on the Surviving Sepsis Campaign (SSC) 
which at present recommends that administration of intravenous (IV) empiric broad-
spectrum antimicrobials are initiated as soon as possible after recognition and within 
1 h for both sepsis and septic shock (98, 99). Source control, (the drainage of 
abscesses and removal of infected tissue or device) is prompted when required (100, 
101). Oxygen is delivered, although higher arterial oxygen saturation, seems to be 
associated with higher mortality compared to a lower target (98, 102). For patients 
with hypotension, SSC recommends 30 mL/kg crystalloid fluid promptly initiated 
within the first hour after presentation. Neither this recommendation is 
uncontroversial, as there are risks possibly associated with under- and over-
resuscitation (98, 99). Numerous studies have compared crystalloid fluids to 
colloids for sepsis resuscitation, without finding advantages for colloid fluids (103). 
If colloids are required, albumin is at present the drug of choice (104, 105). In order 
to maintain adequate organ perfusion, vasopressors are applied for patients with 
hypotension during or after fluid resuscitation (106). Norepinephrine is preferred 
since it has higher potency and less severe side effects (107). However, septic 
patients can be non-responders to some vasoactive drugs. Therefore, Chawla et al 
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suggested to start with multiple vasopressors of different mechanisms of action and 
then de-escalate after response - an approach similar to the use of broad-spectrum 
antibiotics in sepsis treatment (108). 

In 2001, Rivers et al managed to reduce hospital mortality in sepsis by 16% with 
early goal-directed therapy (109). The algorithm used by Rivers was widely adopted 
into guidelines and practice. In more recent trials, these advantages have not been 
possible to demonstrate (110). Studies have compared early goal-directed therapy 
to usual care, with the possibility that advances in usual care blur the distinctions 
found by Rivers (110). 

Steroids, partly as an anti-inflammatory strategy, have not been convincingly 
demonstrated to reduce mortality but have important secondary effects such as more 
rapid resolution of shock and earlier time to ICU discharge. Because of the 
ambiguous results and possible risk of harmful effects on patient outcome, 
guidelines only recommended steroids for patients who do not respond to fluid 
resuscitation and vasopressors (98, 111).  

Evidently, there is no specific treatment for the sepsis reaction. Most 
pathophysiological pathways have been tested for modulation - thrombomodulin, 
activated protein C, interferon- , anti-TNF antibodies, TNF receptors, inhibitors of 
Toll-like receptor 4, platelet activating factor antagonists, complement inhibitors, 
ibuprofen, heparin, immunoglobulins and endotoxin removal - all with negative 
results in clinical studies (112). Part of all these negative results might be due to the 
heterogeneity in sepsis and targeted therapy can perhaps be effective when applied 
with personalized medicine, possibly with multiple action therapies. One example 
of how to accomplish this is with theranostics, i.e. biomarker directed therapy. Other 
unresolved issues are the treatment window and how to restore immune 
homeostasis. 
An endotype or subphenotype is a subset of a patient population defined by 
observable characteristics, distinguished from the population as a whole by natural 
history, disease manifestation and/or response to treatment (113). The identification 
of subphenotypes is well-established in asthma and cancer treatment. In sepsis, one 
has to establish subphenotypes without an exact definition. Ways to handle this 
problem are by using supervised and unsupervised clustering and machine learning. 
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Bacteremia 

Bacteremia, i.e. bacterial presence in the blood stream, is often a result of pathogens 
seeding the blood from a focal source of infection, although sometimes the 
infectious focus is not identifiable. Bacteremia and its persistence is also an effect 
of clearance and asymtomatic, transient bacteremia is common in daily activities 
such as tooth brushing (114, 115). Population-based incidence for bacteremia is 
approximately 200 per 100 000 person years, with the most common isolates being 
E.coli and S.aureus (116-118). Bacteremia is detected in 15-30% of the sepsis 
patients but the opposite relationship is less reported (13, 22, 35, 119, 120). In a 
cohort of bacteremic patients in an ED 23-39% had septic shock (sepsis-2) with 
higher proportions of septic shock among older adults (121). There is a low bacterial 
density in bacteremia, presumably often as low as one colony forming unit 
(CFU)/mL. Consequently, the likelihood to sample at least one colony forming 
bacterium depends on the total sample volume, which is often insufficient (119, 
122-125). It is further hampered by antimicrobial therapy given prior to sampling 
(126).  

In clinical practice, bacteremia is diagnosed via blood culture. Blood culture was 
developed in the beginning of the 20th century and even though it has been 
elaborated with for example, continuous microbial detection the general method 
remains largely the same. Typically, sampling is followed by the time duration for 
transport and preparation, upon which incubation starts. Incubation takes 6-120 h 
followed by a conventional workflow of up to 48 more hours. This process can be 
shortened by molecular workflow like matrix-assisted laser desorption/ionization 
time-of-flight mass spectrometry (MALDI-TOF MS), peptid nucleic acid 
fluorescent in situ hybridization (PNA-FISH), microarray and polymerase chain 
reaction (PCR). However, most molecular methods are used on positive blood 
cultures due to the combination of low bacterial load in whole blood and a lack of 
sensitivity. Therefore, most molecular methods depend on the incubation of blood 
cultures, although shorter incubation is possible for MALDI-TOF MS, and need to 
be followed by sample preparation (127). A few methods can be applied directly on 
whole blood for instance, magnetic resonance-based diagnostics and PCR-methods 
that are dealing with the challenges of human DNA in blood and other components 
that interfere with PCR. These methods have a turnaround time of 3-6 hours but 
have had difficulties in achieving satisfying sensitivities (128, 129). There are 
approaches sequencing all bacteria in a sample out of the 16S-rDNA gene, still DNA 
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from a diversified microbiome exists in healthy blood donors and needs to be 
distinguished (130). Diagnosing bacteremia is important for several reasons; to 
facilitate diagnosing infection, for pathogen and resistance detection aiding tailored 
therapy, for rapid de-escalation of the generous use of broad-spectrum 
antimicrobials in sepsis and for its association with morbidity and mortality (131, 
132). There is an unmet clinical need for a shorter time to positivity in diagnosing 
bacteremia since the preliminary and definite microbial results tend to arrive too late 
to influence clinical decisions in acute sepsis care.  
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The acoustofluidics  

Microfluidics is the technology of systems that can handle small volumes of fluids 
in channels, which changes the flow properties from macrofluidics. In medical 
diagnostics microfluidics are often applied in a microchip. When used for sample 
preparation, it can be integrated with a detection into a miniaturized platform 
referred to as Lab-on-a-chip (LOC). Microfluidic techniques could be a mean of 
preparation for isolating bacteria from whole blood for rapid sample preparation. 
Microfluidic techniques in LOC platforms has the ability to provide automated, 
rapid diagnostics. Different microfluidic methods for separation of bacteria have 
been reported without achieving both a reasonable process time and satisfying 
bacteria recovery (133, 134). 

Acoustophoresis means migration with sound. With ultrasound over microfluidic 
channels, acoustofluidics, one can move components which can be applied for cell 
sorting. Blood cells have been successfully removed from plasma by acoustofluidic 
devices using acoustic, size-based sorting (135, 136). Acoustofluidic sample 
preparation might be possible for bacterial enrichment and DNA purification, which 
includes removal of human DNA and PCR inhibitors. 
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Prediction and risk stratification 
scores 

Patients with acute deterioration have clinical signs several hours before, while 
many ED patients develop sepsis within the first days after admittance but do not 
have organ dysfunction at presentation (137, 138). Various scores and systems have 
been developed to improve detection of patients with or at risk of clinical 
deterioration and to facilitate timely and effective clinical response. Early warning 
scores (EWS) was published in the mid 1990-ies, followed by modified version 
(MEWS) and numerous other EWS. They all aimed to help identifying patients at 
risk of deterioration, including sepsis as parts of “track-and-trigger” systems (139). 
A uniform system was developed out of expert review of different EWS and 
National Early Warning Score (NEWS) was applied in the U.K. Since then it has 
been reviewed and at present NEWS2 is used in the wards as well as in acute and 
ambulance settings for assessment of acute illness severity, detection of clinical 
deterioration and initiation of a timely and competent response, table 4 (140). Its 
predecessors have been validated for sepsis but not yet NEWS2 (141). 

Although SIRS was a clinical criterion for sepsis, it has been helpful in early 
recognition of sepsis, table 1 (4). As a clinical criterion it has proven a lack of 
sensitivity as well as specificity but as an early warning score the sensitivity has 
been superior to other warning scores but on behalf of the specificity (137, 142). 

QuickSOFA (qSOFA) was derived out of multiple logistic regression of candidate 
variables for in-hospital mortality, with the Bayesian criterion selection. The 
Bayesian criterion selection only retains the variables with the strongest 
improvement for the model i.e. parsimony was prioritized. qSOFA was launched 
along with the sepsis-3 definitions as a severity score among patients with a 
suspected infection. It assigns one point for each of three variables: altered mental 
status, systolic blood pressure (SBP) 100 mmHg and respiratory rate ≥22 breaths 
per minute. Patients with a score of 2 points or higher have a higher risk of in-
hospital mortality (143). Validation studies have consistently shown high specificity 
but low sensitivity (137, 144, 145). 

Rapid Emergency Triage and Treatment System (RETTS) was designed to find 
critically ill patients and those at risk of deterioration at admission and during ED 
stay. It is widely used for triage at EDs in Sweden (146, 147). RETTS uses one 
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extreme value of abnormal vital signs as trigger for higher classification in 
combination with scores assigned for common Emergency Signs and Symptoms 
(ESS), table 5. The highest levels of classification have the highest mortality and 
vice versa, although RETTS has had little validation (145, 146). Even though 
NEWS2, qSOFA, RETTS and SIRS represent early warning scores, risk 
stratification scores, triage systems and sepsis criteria respectively, there is a 
significant overlap in their use (6, 137, 140, 146). Other triage systems like the 
Manchester Triage System (MTS) focuses on assessing a patient’s level of urgency 
of intervention which is different from predicting severity of disease (148). 
Mortality in the ED (MEDS) identifies patients with a high risk of death, but it is 
unknown whether it improves recognition of sepsis. Both MEDS and different 
PIRO-scores include bandemia, an excess of immature white blood cells and 
availability of this analysis restricts their use (149, 150). 

There are numerous scoring systems that are used in different settings. The 
advantage of using a common language has been knowledge by for example the 
international civil aviation organization; a common language reduces failure. Since 
early warning scores are important tools an ideal warning score should be applied 
extensively throughout the health care systems. 

Table 4. NEWS2. 

 3 2 1 0 1 2 3 

Respiration rate <9  9-11 12-20  21-24 >24 

SpO2 Scale 1 (%) <92 92-93 94-95 >95    

SpO2 Scale 2 (%) <84 84-85 86-87 88-92 

>92 on air 

93-94 on 
oxygen 

95-96 on 
oxygen 

>96 on 
oxygen 

Air or Oxygen  Oxygen  Air    

SBP (mmHg) <91 91-100 101-110 111-219   >219 

Pulse <41  41-50 51-90 91-110 111-130 >130 

Consciousness    Alert   VPCU 

Temperature (°C) <35.1  35.1-36.0 36.1-38.0 38.1-39.0 >39.0  

V= verbal, P= pain, C= confusion, U= unresponsive   
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Table 5. RETTS. 

Red Orange Yellow Green

A Blocked airway or stridor 

B Respiratory rate >30 or <8 

SaO2<90 with oxygen (O2) 

Respiratory rate >25 

SaO2<90 without O2 

SaO2 95 SaO2>95 without O2 

C Heart rate >130 if sinus 
rythm, else >150 

SBP <90 

Heart rate >120 or <40 Heart rate >110 or <50 Heart rate 50-110 

D Unconscious or cramps Somnolence Acute disorientation Alert 

E Temperature >41  Temperature >38.5  
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Aims 

The overall aim of the work presented in this thesis was to improve prediction, 
diagnostics and knowledge on epidemiology of sepsis.  

Put into specific terms the aims were: 

• To develop an integrated, dry-reagent based, disposable ready-to-use
cartridge enabling rapid analysis of sepsis-causing organisms directly from
suspected blood samples.

• To evaluate the performance of the integrated cartridge with clinical blood
samples.

• To assess the incidence of hospital-treated sepsis in an entire population
based on clinical findings.

• To compare the diagnostic accuracy of qSOFA, NEWS2 and RETTS for
sepsis.

• To investigate whether plasma levels of HBP or lactate can improve the
accuracies for qSOFA or NEWS2 .

• To develop and evaluate a risk stratification score based on the most
predictive, minimal set of vital signs, HBP and lactate plasma levels.

• To describe characteristics and outcome for patients with sepsis-3 admitted
to the ICU with bacteremia, pathogen-detected but non-bacteremia, and for
“sterile” sepsis.

• To identify subphenotypes of sepsis with a novel statistic approach.
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Paper I 

Materials and methods

The integrated system for pathogen detection consisted of an acoustophoretic 
separation chip which removed blood cells, followed by an acoustic trap for bacteria 
enrichment and a PCR chip for detection. Figure 3. The acoustophoretic separation 
chip consisted of a channel with a trifurcation at the end and a piezoelectrically 
induced, ultrasonic wave across. The frequency of the ultrasound was tuned so that 
the thickness of the capillary corresponds to half a wavelength. This causes a 
standing wave, which results in an acoustic force that attracts larger particles to the 
wave node. Blood cells were focused at the centre of the channel and removed from 
the centre of the trifurcation. Bacteria were suspended in the plasma and channelled 
to the acoustic trap. Bacteria are too small in itself to be captured by the acoustic 
forces, but can be trapped by secondary forces if larger particles are placed in the 
trap. We used polystyrene beads. The secondary forces are the result of scattering 
of sound between particles. Trapped bacteria were then washed and released into a 
PCR microchip which was placed in a PCR thermocycling. Four different PCR 
microchips were used for detection of Pseudomonas spp, S.aureus, E.coli and 
S.pneumoniae.

The different parts of the integrated system were tested for acoustic separation, 
bacteria enrichment, the detection limits for the PCR chips and sterilization. The 
integrated system was tested for blood samples spiked with bacteria and finally, for 
clinical samples from patients with suspected sepsis or febrile neutropenia. Patients 
were included prospectively in an observational study for comparison of the 
integrated system for bacteria detection to blood culture. Study samples were drawn 
at the same time as blood culture and analyzed in a blinded fashion. 



46 

 

Figure 3. The integrated microfluidic system. Modified and reprinted with permission from reference (151). Copyright 
© 2018, Springer Nature 

Results 
Red blood cells were efficiently removed by the acoustic separation, but the 
integrated system enriched bacteria at a somewhat too low efficacy. The detection 
limits for the PCR chips were 3, 2, 400 and 100 CFU, respectively for S.aureus, 
S.pneumoniae, E.coli and Pseudomonas spp. In the spiked samples, the integrated 
system could detect 1000 P.putida /mL blood. The integrated process was 
completed within 2 hours.  

In clinical samples, the integrated system detected E.coli in 2 out of 57 processed 
samples of which E.coli was retrieved in 4 blood cultures. S.aureus was retrieved in 
3 blood cultures but none were detected by the integrated system. No S.pneumoniae 
positive cultures were found. The median incubation time to the first positive blood 
culture signal was 8.2 h. The acoustofluidic system detected 2 of the E.coli positive 
blood samples within 2 h. The samples where E.coli were detected, were the ones 
with the shortest incubation of blood cultures before positivity, which may be 
suggestive of high bacterial density.  

Discussion 
This study provided a proof-of-principle for the novel, integrated, acoustophoresis-
based bacteria detection system in blood samples from patients with suspected 
sepsis. 

The integrated system can detect bacteria but not at sufficient rates at present 
execution and needs to be further optimized. The sensitivity of the integrated system 
depends on separation, trapping and detection. There were additional problems 
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processing the clinical samples; with platelets tending to attach to the capillary walls 
and higher sedimentation rates of red blood cells. Furthermore, there were 
difficulties to separate platelets from bacteria due to platelets being in the ranges of 
bacterial size and density. Possibly, bacteria were lost at the separation step because 
of bacterial clusters acting like larger particles, phagocytized bacteria and bacteria 
adhered to blood cells. One approach might be selective lysis of blood cells followed 
by trapping, other means could be to process larger sample volumes as well as 
detection of lower number of bacteria, which also should include broader range of 
pathogen detection. 

The novel, integrated acoustophoresis-based bacteria detection in blood samples 
from patients with suspected sepsis will have to be improved, but a more rapid 
pathogen detection in sepsis with this new approach might be possible. 
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Paper II 

Materials and methods 
The study was a clinical chart review of all patients 18 years in the regions of 
Skåne and Halland, who were started on IV antibiotic treatment on 4 dates evenly 
distributed over the year of 2015. Patients were included if they had at least one 
SIRS criteria or had experienced fever, chills, had a blood pressure of 110 mmHg 
or less or an altered mental status within ±12 h from the initiation of antibiotic 
therapy. Data were collected regarding demography, comorbid conditions, health 
care, vital signs and diagnostic results. Sepsis was defined as modifications of the 
sepsis-2 and sepsis-3 definitions and infection as modifications of the definitions 
presented by Calandra (4-6, 152). Population data were retrieved from Statistics 
Sweden. Descriptive statistics were used for characteristics and demographics of the 
patients included in the study.  

Results 
563 patients were started on IV antibiotic treatment on the four days of the survey. 
482 patients were included in the study, of those 339 had a diagnosed infection. 74 
patients had sepsis according to both definitions (severe sepsis and sepsis-3), 
additionally 35 patients had only sepsis-3 and 22 patients had only severe sepsis. 
The mean adult population in the regions for 2015 was 1 275 753. Thus, the annual 
incidence for patients treated with IV antibiotics for a diagnosed infection was 
2425/100 000 person years (95% CI 2167-2683), the annual incidence for severe 
sepsis was 687/100 000 person years (95% CI 549-824) and the annual incidence 
for sepsis-3 was 780/100 000 person years (95% CI 633-926). The incidences 
increased with 10-year age strata but the numbers were too small to calculate age-
adjusted estimates. The most common focus of infection was the respiratory tract 
followed by the urinary tract, the most common pathogens retrieved in blood 
cultures were Enterobacterales followed by S.aureus. 
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Discussion 
The incidence of sepsis was higher compared to most previous estimates and thus 
responsible for a larger burden of morbidity in society and in health care systems. 
There may be an increase in sepsis due to for example, increased awareness and 
sensitivity of diagnosis, an increasing number of immunocompromised patients, the 
use of invasive procedures, the emerging antimicrobial resistant microorganisms 
and the growth of the elderly population. More probable is that the high incidence 
is due to the methodology. Instead of using ICD-codes widely used in 
epidemiological sepsis studies, we used a labour-intensive method examining every 
clinical chart for admitted, adult patients started on IV antibiotic therapy on four 
dates in an entire population. We believe that the study design has contributed to the 
estimates being closer to the true burden of sepsis in Sweden. Furthermore, Sweden 
is a high-income country with free healthcare services accessible to everyone, which 
also contributes to a more accurate estimate of the true incidence of sepsis in similar 
countries. Still, the study population might not be a close representation of the 
national population since it was only conducted in two regions and had a small 
sample size. To rely on syndromic, clinical case definitions will likely introduce 
some misclassification errors. 

At the time the study was performed, population-based sepsis incidence estimates 
from clinical data were rare. Since then, several studies on sepsis incidence based 
on clinical data have been published, which found similar incidence rates of sepsis 
in the Nordic countries (20, 22). A large Chinese study found annual incidences of 
103/100 000 person years and 236/100 000 person years of severe sepsis and sepsis-
3, respectively (21, 31). A prospective epidemiological study is the ideal method 
and should be encouraged since it might come even closer to the true sepsis burden. 
Nevertheless, prospective, comprehensive, population-based epidemiological 
studies are difficult to carry out. In order to obtain reliable, comparable population-
level estimates clinical chart review is a feasible method and lately increasingly 
referred to as “gold standard”(13, 17, 153). Our study design can be used as a study 
template for studies examining the epidemiology of sepsis.  

The introduction of new sepsis definitions necessitates comparison of 
epidemiological estimates in order to be able to use knowledge from previous 
studies. Clinicians need local epidemiological data for clinical decisions, for 
diagnostics and therapeutics when handling medical patients with acute infectious 
diseases. Apart from improving the care, knowledge on epidemiology is of 
importance for effective use of health resources.  
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Paper III & IV 

Materials and methods 
We performed a retrospective analysis of data from two prospective, observational, 
multicentre, convenience trials of sepsis biomarkers at EDs. One of the cohorts 
consisted of patients diagnosed with an infection, cohort A. The second cohort 
consisted of mixed ED patients (with and without infection), cohort B.  

We used a composite outcome for sepsis consisting of sepsis with organ dysfunction 
(sepsis-2), infection-related mortality within <72 h, or intensive care due to an 
infection. 

Accuracy of risk stratification scores was evaluated for sepsis using area under 
receiver operating characteristic curve (AUC), sensitivity, specificity and their 95% 
CIs. AUCs were compared with DeLong’s test and proportions with Chi2-test. For 
30-day mortality, odds ratio (OR) was calculated.

A locally weighted scatterplot smoothing (LOWESS) regression for eligible 
parameters with reference to sepsis generated smooth curves for selection of 
intervals for parameters. Selected parameters were dichotomized within the selected 
intervals and included in a least absolute shrinkage and selector operator (LASSO) 
model for construction of a risk stratification score. The LASSO method avoids 
correlating covariates from being included in a prediction model (154, 155). The 
LASSO included a 10-fold cross-validation with AUC optimization and was iterated 
50 times. All values optimizing AUC in more than 50% of the LASSO analyses and 
with a coefficient ≥0.05 were then entered into a second set of LASSO regressions, 
unless the values were adjacent. If adjacent values, the one with the higher 
coefficient was chosen. Values included in more than 50% of the second set of 
LASSO regressions and with a coefficient of ≥0.05 within 1 standard error (SE) 
from max AUC were selected. These values were given a score proportional to their 
coefficients generated by the second set of LASSO regression and rounded to the 
closest integer. The cut-offs for these scores were set to also require scores from 
more than one parameter. 
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Results 
Cohort A consisted of 526 patients with a diagnosed infection, 288 with the 
composite outcome. Cohort B consisted of 645 patients, of whom 269 had a 
diagnosed infection and 191 experienced the composite outcome. In both cohorts, 
NEWS2 had significantly higher AUC, 0.80 (95% CI 0.75–0.83) and 0.70 (95% CI 
0.65–0.74), than qSOFA, AUC 0.70 (95% CI 0.66–0.75) and 0.62 (95% CI 0.57–
0.67) p < 0.01 and, p = 0.02, respectively, for the composite outcome. In a subgroup 
with lactate and HBP available at presentation (n=485 in cohort A, n=358 in cohort 
B) the addition of 1 point for HBP >30 ng/mL or lactate >2.0 mmol/L to NEWS2 
and qSOFA were tested without improving the scores except for HBP increasing 
the AUC for qSOFA in cohort A to 0.78 (95% CI 0.74 to 0.82), p = 0.01. 

506 patients, with a diagnosed infection from cohort A were evaluated for 
comparison of NEWS2 and RETTS as well, and also served as a derivation cohort 
for construction of a risk stratification score. The risk stratification score based on 
vital signs and HBP is called Sepsis Heparin binding protein-based Early Warning 
Score (SHEWS), table 6. 

In 435 patients, of whom 184 had a diagnosed infection and 129 with the composite 
outcome in cohort B, RETTS was compared to NEWS2 and SHEWS was evaluated.  

In both cohorts (A and B), AUC for the composite outcome was higher for NEWS2, 
0.80 (95% CI 0.76-0.84) and 0.69 (95% CI 0.63-0.74), than RETTS, 0.74 (95% CI 
0.70-0.79) and 0.55 (95% CI 0.49-0.60), p=0.05 and p <0.01, respectively. As 
derived from cohort A, SHEWS could only be evaluated in cohort B, where it had 
the highest AUC, 0.73 (95% CI 0.68 to 0.79), although it did not reach significance.  

Table 6. SHEWS, Sepsis Heparin binding protein-based Early Warning Score. 

 1 2 3 4 5 6 7 8 
Age >45   >60 >80    
Mental Status   Confused or 

drowsy 
     

Respiratory 
Frequency 

    >24    

SBP (mmHg)  <106    <100   
DBP (mmHg) <78  <56      
Heart Rate  >110       
HBP (ng/mL)   >26   >30 >48 >54 
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Discussion 
NEWS2 was superior to qSOFA and RETTS for screening for sepsis both among 
infected patients and among undifferentiated patients at EDs. The addition of HBP, 
but not lactate, to vital signs improved the performance of qSOFA. SHEWS had the 
highest accuracy for sepsis detection, but even with a statistical approach we could 
not construct significantly better risk stratification scores for sepsis than NEWS2.  

A major strength of this study is the validation of the scores both among infected 
patients and among unselected patients at the ED. A sepsis risk stratification score 
performs most likely better among infected patients. However, the initial assessment 
of whether the patient is infected or not has often proved to be wrong. A strength as 
well as a weakness is the composite outcome. A study physician has reviewed 
whether an infection and organ dysfunction was present which provides a more 
global view of patient outcome than the in-hospital mortality (143, 156-158). The 
weakness of the composite outcome was that several parameters in the risk 
stratification scores also define organ dysfunction and thus sepsis. We tried to 
minimize this bias by excluding organ dysfunction of the central nervous system 
from the outcome and when evaluating the effect of adding lactate to the risk 
stratification scores, hyperlactaemia was excluded from the sepsis definition (144, 
159, 160). In a sensitivity analysis, we repeated the analyses with acute neurological 
dysfunction as well as hyperlactaemia included as organ dysfunction. 

A severity score is not the same as a decision-making tool. A decision-making tool 
needs to be sensitive for a severe disease like sepsis, which qSOFA is not (137, 143, 
145, 158, 159, 161). qSOFA was launched as a severity score but it has been widely 
applied as a decision-making tool. It was also recommended to use qSOFA to 
prompt clinicians to consider infection if not already recognized, investigate organ 
dysfunction and intensify care i.e. the role of an early warning score and decision-
making tool (6). Thus, qSOFA needs to be validated compared to early warning 
scores as well. Even for prediction of mortality or ICU admission, qSOFA is inferior 
to NEWS and SIRS (137, 157, 161). qSOFA can focus attention to a patient with a 
high risk of deteroriation, but patients become qSOFA positive late before 
deteroriation (137).  

NEWS2 is an aggregate weighted, multi-parameter early warning system which 
previously has been proven superior to systems like RETTS, that use one extreme 
value as trigger (162). 

For prediction of sepsis, perhaps not the AUC but the sensitivity and the positive 
predictive value or in this context, number needed to evaluate (NNE), are more 
important metrics. Satisfying PPV are lower than for classic diagnostic tests, 
because in prediction tools, this only means having to perform further clinical 
workup. Suspected sepsis can be regarded in analogy with chest pain, because of 
the similarities in prevalence and severity (163). Patients with chest pain constitute 
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5% of all ED visits, and of those 5% have a myocardial infarction and 50% are 
commonly admitted for further clinical evaluation (164, 165). NEWS2 5 had a 
NNE below three in our study which should be acceptable. Furthermore, the 
continuous nature of NEWS2 gives the possibility to find the “sweet spot” between 
alarm fatigue and unfamiliarity with clinical response workflow. 
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Paper V 

Materials & Methods 
Patients were identified from the Swedish Intensive Care Registry (SIR), a national 
register for intensive care. We performed a retrospective, clinical chart review of 
patients who received a sepsis diagnosis in a general mixed ICU in 2007-2014. 
Patients were included if they had sepsis (sepsis-3) and at least one blood culture 
sampled ± 48 h from ICU admission.  

In a propensity score analysis bacteremic and non-bacteremic patients were matched 
1:1 with regard to age, comorbidities, site of infection and antimicrobial therapy 
prior to blood cultures.  

A Latent Class Analysis (LCA) was performed to identify unmeasured class 
membership. LCA is a statistical method for identifying unmeasured class 
membership among subjects i.e. subphenotypes. The goal of LCA is to derive 
subphenotypes, for which each subject has a high probability to belong to one of 
and a low probability to belong to all others. 

Results 
784 patients were identified as treated in the ICU with a sepsis diagnosis. From 140 
patients, no blood cultures were drawn within the time interval for the study and 
additionally 95 patients did not fulfil a sepsis diagnosis and were excluded. 549 
patients were included, 295 (54%) with bacteremia, 90 (16%) were non-bacteremic 
but had relevant pathogens detected from another body location and in 164 (30%) 
no relevant pathogen was detected in microbial samples. In the propensity score 
analysis (n=344) 90-day mortality was higher among bacteremic patients, 47%, than 
in non-bacteremic patients, 36%, p=0.04.  

The LCA identified 8 classes, with different mortality rates, where pathogen 
detection in microbial samples were important factors for class distinction and 
outcome, yet not in itself but in combinations.  
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Discussion 
The main findings in this study are that bacteremia is associated with poor outcome 
and that a higher percentage of ICU patients with sepsis had positive blood cultures 
and other microbiological samples when analyzed with clinical chart reviewed 
sepsis diagnosis. 

Sepsis is a highly heterogenous condition and different foci of infection have both 
different mortalities as well as different diagnostic yield of cultures and other 
microbial samples. We addressed this problem by a propensity matched analysis 
and demonstrated a higher mortality in bacteremic patients.  

The major weakness of the study is the retrospective design. As microbiological 
samples were ordered as part of clinical workup, insufficient culture sampling might 
contribute to the microbiology negative cohorts. The major strength of this study is 
the clinical review. All infection diagnoses and all data from microbial analysis have 
been reviewed by an infectious disease specialist.  

The high proportion of bacteremic patients, 54% in this study compared to 7-37% 
in other studies, can partially result from the clinical chart review (13, 24, 119, 166-
169). The clinical chart review minimizes the misdiagnosis of other conditions. 95 
(15%) patients not fulfilling infection or sepsis-3 definitions could have been 
included if we would have relied on administrative data like ICD-codes or EHR-
algorithms based on blood cultures drawn. ICD-based strategies would even risk to 
include the 140 (18%) patients without blood culture drawn (166-168, 170). 

Since bacteremic patients had even higher severity of illness and higher mortality 
than their non-bacteremic counterparts the high morbidity in this cohort can have 
contributed to the high proportion of bacteremic sepsis. The sterile sepsis proportion 
is similar to what has been found when analyzing patients with septic shock (171).  

Still, 30% of the patients had sterile sepsis, with a mortality of 44%. With the high 
incidence of sepsis and the emerging antimicrobial resistance, sterile sepsis is a 
substantial cause of morbidity which needs to be further examined.  

Even though sepsis is caused by a dysregulated host response, the severity might 
correspond to the bacterial load (172, 173). 

When defining subphenotypes in sepsis, pathogen detection in microbial samples 
seems to have a high impact on probability of belonging to a class (5, 174, 175). 
LCA has shown potential for identification of treatment responsive subsets within 
ARDS and further LCA’s incorporating infection and other readouts of sepsis 
biology are needed (174). 
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Future perspectives 

The poor accuracy of ICD-coding for sepsis has been well documented, why clinical 
chart reviews should be considered the “gold standard” in sepsis epidemiology 
studies (14-16, 176). Recently, EHR has become generally available in high income 
countries. More than 95% of acute-care hospitals in Sweden, Norway, the 
Netherlands, U.K. and New Zealand use EHR (126). By using EHR data and 
automated methods for sepsis diagnosis in epidemiology, it may be possible to 
implement a highly accurate system that outperforms prior approaches, reduces 
measurement burden and enables surveillance. Still, results from EHR-based studies 
need validation (177). 

As long as the definition of a syndrome is used, clinical chart review risks to mis-
classify sepsis as well. A perfect definition requires a perfect understanding of 
sepsis, which is not yet achieved. A little way down the road the definition might be 
based on pathology or biomarkers. In the meantime, the sepsis definitions are based 
on physiological patterns. A definition should ideally be bound by a “zone of rarity” 
in order to easily assign patients to have or not to have sepsis (178). Unfortunately, 
the frequency distribution of individuals with uncomplicated infection, organ 
dysfunction without infection or sepsis is not separated by zones of rarity and 
constitutes discrete peaks.  

Angus et al rewrote the current sepsis definition as a statistical, logic statement 
where one can divide sepsis into a function of variables linked in a causal pathway 
(179): 

 

Sepsis = ƒ (threat to life | organ dysfunction | dysregulated host response | infection) 
( | = conditional on) 

 

Each variable can be examined separately:  

Threat to life can be easily assessed by mortality. Present and preceding sepsis 
definitions have advanced recognition, timely treatments and care. However, 
patients who are given and respond to treatment represent a group that still can have 
a threat to life. Therefore, other outcomes than mortality need to be considered in 
sepsis trials. 



58 

Organ dysfunction. Although most agree that organ dysfunction exists in sepsis, the 
functions of an organ can be multiple and all might not be known and/or properly 
measured. Whether a deviation from normal function is due to dysregulation or an 
appropriate stress response is not without controversy and needs to be established.  

Dysregulated host response. The pro-inflammatory and anti-inflammatory 
processes are not completely understood. Yet, techniques such as mass spectrometry 
and bioinformatics are promising, increasingly available, can identify abnormal 
expression of biomarkers and can be developed for use in a time-critical framework. 

Infection. The current and previous sepsis definitions have not defined details for 
infection. Even among critical care physicians, experienced in caring for patients 
with sepsis, there is still significant variability in diagnosing sepsis. According to a 
survey performed by Rhee et al in 2016,  =0.29. In a subgroup of respondents who 
were very confident in their ability to apply sepsis definitions, the agreement was 
not better  =0.28 (180). Since then, the organ dysfunction criteria have been 
clarified when launching the new definition of sepsis, but the definitions of infection 
were not addressed (6). The choice of criteria to define infected patients have an 
impact on for example incidence and mortality. Clear definitions of infection would 
facilitate comparable sepsis research. For instance, it would facilitate surveillance 
and estimates of the effects of vaccine coverage, antimicrobial resistance and sepsis 
care on sepsis epidemiology.  

Guidelines for clinical management for sepsis are often packaged in bundles, under 
the concept of ‘one size fits all’, while almost all disciplines are hunting for 
personalization. Modulating the host’s response to infection has been proposed as 
treatment strategy for decades without efficacy. Hopes are that a personalized 
approach, with tailored therapy out of for example immune response profile, is 
effective. As hormone receptor status is used for treatment decisions in breast 
cancer, it is possible that stratified sepsis patients may benefit from, for example, 
immune modulation. Thus, the understanding of sepsis might gain from 
discriminating between different subphenotypes. Classifications of sepsis are 
traditionally based on common assumptions and methodologies. For example, 
SOFA was developed by experts based on a literature review and launched as 
criteria for sepsis definition due to its impact on prognoses. Subphenotypes may as 
well differ in treatment responses. At present a lot of research in the fields of 
proteomics, metabolomics, transcriptomics and epigenetics aim to improve 
definitions of patient populations to allow for personalized medicine. By the 
availability of EHR-data and automated methods, it may be possible to perform 
EHR-based sepsis phenotyping (ESP) as well (177). 

EHR also enables to see trends in patient status for measured parameters. This 
provides another picture of the development, applied in for example targeted real-
time early warning score (TREWS) (181). A large proportion of the sepsis patients 
come via ED with sepsis present on admission, where the observation time needs to 
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be shorter before detection of sepsis and hence, a slightly different approach might 
be needed (182, 183). Still, a large proportion of sepsis patients has utilized care 
within the week prior to sepsis and might be possible to detect (184).  

Finally; sepsis is a global problem with the highest impact in countries with low 
socioeconomic index. Sepsis research is however almost exclusively from high- and 
middle income countries. In the future, researchers - and hopefully caregivers and 
politicians - should address this discrepancy. A first step has been undertaken by 
Rudd et al, by demonstrating the impact of the problem (25, 185).  
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