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Abstract 

Anna Lange (2020): SLPI and soluble BTLA as immunological markers in 
severe bacterial infections. Örebro Studies in Medicine 211. 

Clinical presentation, and outcome of infections are affected by host-, 
and etiology- (focus of infection and pathogen) related factors. The im-
mune response is controlled by a network of regulating pathways. 

This thesis focuses on Secretory Leukocyte Protease Inhibitor (SLPI), a 
protease inhibitor with anti-inflammatory properties, and the previously 
non-studied soluble isoform of B and T lymphocyte attenuator (sBTLA), 
a membrane-associated regulatory protein. Plasma concentrations of 
SLPI and sBTLA were assessed in relation to etiology, severity, mortality, 
and markers of inflammation and immunosuppression, in i) community-
acquired pneumonia (CAP) (SLPI), ii) intensive care unit (ICU) treated 
severe sepsis and septic shock (sBTLA), and iii) dynamically in BSI (SLPI 
and sBTLA).  

Main findings were: higher expression of SLPI in pneumonia, com-
pared to other sources, higher initial concentrations in Streptococcus 
pneumoniae, and Staphylococcus aureus BSI, compared to Escherichia 
coli BSI, and higher SLPI concentrations in sepsis compared to non-septic 
BSI. Interestingly, men with pneumonia had higher plasma levels of SLPI, 
both in CAP and BSI. Likewise, sBTLA was associated with severity, but 
preferentially at higher organ failure scores. High sBTLA was associated 
with increased risk of early death (28 days) in ICU-treated septic patients, 
and with mortality at 90 days and one year in BSI. In particular, failure 
to normalize sBTLA on day 7, was indicative of worse long-term out-
come. SLPI was associated with decreased monocytic HLA-DR expres-
sion, and sBTLA with decreased lymphocyte count, which might indicate 
a connection to sepsis-associated immunosuppression. 

In conclusion, SLPI and sBTLA show association with severity, and 
markers of immune dysfunction, in sepsis and BSI. SLPI differs depending 
on etiology, while sBTLA may have prognostic implications. Our results 
propose that the pathobiological role of sBTLA, and the possible utility 
of SLPI and sBTLA in sepsis immune-profiling, should be further ad-
dressed in future studies. 

Keywords: SLPI, sBTLA, sepsis, bloodstream infection, pneumonia 
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Introduction 

Sepsis from a historical perspective 
The lethal consequences of the symptoms related to severe infections were 
well known already in ancient Greece, where the word sepsis (sepo, “I 
rot”), appear in poems by Homer. This comprehension grew into the mi-
asma (“bad air”) theory, which remained dominant for centuries, and ac-
cording to which disease emerged from rotting organic matter, and spread 
through the air [1]. The germ theory started to gain ground in the mid-19th 
century [2]. During this period, Semmelweiss and Snow made seminal ob-
servations on puerperal fever and cholera, but despite the evidence, the sci-
entific society did not welcome their theories. It was Pasteur’s work on the 
growth of microorganisms, and further research by Koch and Lister, that 
led to the foundation of microbiology as we know it today [1]. 

Penicillin was discovered in 1928, and was put into clinical use during 
world war II [3]. As it turned out, the germ theory could however not fully 
explain the pathobiology of sepsis, since some people with sepsis died from 
organ failure and shock, despite adequate antibiotics. Significant discoveries 
regarding the pathological mechanisms in sepsis were made already in the 
1890’s, with the findings on the pyrogenic and shock-inducing properties 
of endotoxin, the uncovering of the bacteriolytic activity of complement on 
bacteria, and the first descriptions of experimental disseminated intravascu-
lar coagulation (DIC) in acute infection [4-6]. 

Major steps for understanding the interplay between innate and adaptive 
immunity were: the dendritic cell (1973), the portrayal of the T cell receptor 
structure and function (1987), and the revelation of the co-stimulatory sig-
nal required for T cell activation [7-9]. The importance of the Toll protein 
in fruit fly immunity (1996) was the key to understanding how pathogens 
activate the immune system, and was followed by the identification of TLR-4, 
its ligand (endotoxin), and the downstream effects of their interaction [10-12] .  

The study of cytokines (from Greek “cell movement”) took off in the 
1980’s. Observations of high circulating levels of pro-inflammatory cyto-
kines in sepsis, motivated studies on cortisone and anti-cytokine strategies 
(tumor necrosis factor, interleukin), as adjunctive sepsis treatment. Despite 
evidence from experimental models, there was lack of proof for efficacy in 
humans with respect to decreasing short-term mortality [13]. 
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Expanding knowledge on the pathology of sepsis immune dysregulation 
has led to a paradigm shift in sepsis research, with focus on persisting in-
flammation, and sustained immune suppression, which may have long-term 
consequences [14-16]. 

Sepsis pathophysiology and clinical features 
Common sources of infection in sepsis are the respiratory and urinary tracts, 
and abdominal foci [17, 18]. Cultures can identify the causative pathogen 
in about half of sepsis cases [17-19]. Symptoms and signs in the individual 
host relates to previous health status, the causative pathogen, the source of 
infection, and organ dysfunction [20]. Common early signs are fever or hy-
pothermia, tachycardia, tachnypnea, and altered mental status.  

Immune activation, and protective mechanisms of immune cells, will be 
described below, as well as the processes related to immune dysregulation. 
In short, there is a spread of inflammation throughout the body, with gen-
eralized endothelial activation, vascular leakage and vasodilation. In addi-
tion, there is coagulopathy, which compromises microvascular blood flow, 
and in the worst scenario results in DIC and bleeding manifestations. To-
gether, these reactions lead to organ dysfunction, hypoperfusion, and some-
times chock [15, 20, 21].  

While these manifestations are associated with early peaks of mortality, 
there is also activation of immunosuppressive pathways, which can lead to 
profound weakening of the immune system, with risk for secondary, often 
opportunistic infections [15]. 

Sepsis definitions  
The first consensus definitions for severe sepsis and septic shock were pro-
posed in 1992 (Sepsis-1), and were based on suspected infection, in combi-
nation with two or more systemic signs of inflammation, the systemic in-
flammatory response syndrome (SIRS) criteria. Severe sepsis was sepsis with 
either organ dysfunction, hypoperfusion or hypotension, and septic shock 
was defined as sepsis with hypotension despite “adequate” fluid resuscita-
tion [22]. When diagnostic criteria were revised in 2001 (sepsis-2), the list 
of signs and symptoms of systemic inflammation and organ dysfunction was 
expanded [23].  

Definitions were challenged by increasing insights into sepsis pathobiol-
ogy, and evidence of limited specificity and sensitivity of SIRS criteria [24, 
25]. In 2016, new definitions were proposed (Sepsis-3), which abandoned 
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SIRS for organ failure-based criteria, aimed to identify patients with a 
greater risk to die [21]. The threshold to define sepsis was increased: “a life-
threatening organ dysfunction due to a dysregulated host response to an 
infection, which is identified by an increase of the Sequential Organ Failure 
Assessment (SOFA) score by 2 or more points from the baseline”. The term 
severe sepsis, was declared redundant, and septic shock was defined as “a 
vasopressor requirement to maintain a mean arterial pressure of 65 mg Hg 
or more, with metabolic deterioration specified as serum lactate concentra-
tion greater than 2 mmol/L, in the absence of hypovolemia”, figure 1. The 
Sepsis-3 definition of septic shock has been shown to capture more severely 
ill patients than Sepsis-2 [26]. Due to difficulties to calculate SOFA score at 
the bedside, a screening tool, “quick-SOFA” (qSOFA) was proposed, where 
suspected infection plus two of three signs: i) altered mental status, ii) res-
piratory rate ≥22, and iii) systolic blood pressure <100 mmHg, should raise 
the suspicion of sepsis. The prognostic capacity of qSOFA, as well as its 
sensitivity, has been questioned in subsequent studies [27, 28].  

 

Figure 1. Sepsis-3 definitions. Reprinted with permission from [29] 
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Sepsis epidemiology 
It is difficult to achieve a true estimate of the global sepsis incidence, due to 
lacking data from middle and low-income countries [30]. ICU bed availa-
bility differs, and assessment of sepsis incidence outside the ICU-setting is 
problematic, on account of non-consistent diagnose-coding [31].  

Sepsis management has improved, and mortality has decreased over the 
past two decades [32-34]. Mortality is still significant, however, and results 
from recent RCTs indicate a 90-day mortality in septic shock in adults be-
tween 28 and 46% [35-37]. Risk factors for sepsis include older age, male 
sex, and pre-existing chronic diseases. Genetic factors may contribute, es-
pecially at younger age [31]. 

The long-term consequences of sepsis, in terms of morbidity and mortal-
ity, has received growing attention [14, 38]. In May 2017, the World Health 
Organization adopted a resolution to reduce the global health burden of 
sepsis through improved prevention, diagnosis and management. Among 
several measures that were proposed in the resolution are: campaigns to 
increase the awareness of sepsis in the public, and among health care work-
ers, to ensure timely diagnosis and treatment, and to include sepsis as a pri-
ority research area [39]. 

Sepsis therapy 
The significant improvement in early sepsis survival over the past two dec-
ades, owes much to the impact of seminal studies that pinpointed the im-
portance of early detection, circulatory resuscitation, and prompt admin-
istration of antibiotics in septic shock [40, 41]. These interventions remain 
the mainstay treatment of sepsis, despite questioning of protocolized resus-
citation, and the necessity of immediate antimicrobials, in recent studies 
[42].  

The Surviving sepsis campaign (SSC) was initiated in 2002, to increase 
awareness and to improve outcome in severe sepsis and septic shock, 
through implementation of evidence-based resuscitation goals [43]. The 
current SSC guidelines advocate for the following interventions, within one 
hour of sepsis diagnosis: i) measurement of serum lactate, ii) blood cultures 
obtained before antibiotic are given, iii) administration of broad-spectrum 
antibiotics, iv) intravenous crystalloid fluids in the presence of hypotension 
or lactate ≥4, and v) application of vasopressors to maintain a mean arterial 
pressure ≥65, if inadequate response to fluid resuscitation. The SSC guide-
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lines also include directions on source control, repeated lactate measure-
ment, on the use of low dose corticosteroids, and on blood glucose manage-
ment, along with recommendations on mechanical ventilation, renal re-
placement therapy, and nutrition [44].  

Protective immune responses: innate immunity 
The skin and mucosal membranes are at the frontline of immunity, dealing 
with constant exposure to pathogens in our environment. These surfaces 
are lined with protective components, such as antimicrobial peptides, acids, 
and gut microbiota, which protect from colonization of harmful bacteria. 

Sensing danger 
The immune system is alerted by microbial molecules, so called pathogen-
associated molecular patterns (PAMPs), which bind to pattern recognition 
receptors (PRRs) at the surface, or in intracellular compartments of innate 
immune cells, epithelial cells, and many other cell types [45, 46], figure 2. 
PAMPs are compounds at the surface of, or inside pathogens, that are 
shared among species, and which signal danger to the immune system [47]. 
There is redundancy in the pathogen-sensing mechanisms, where several 
PRRs can detect structures from the same microorganism. The prototypic 
PAMP is endotoxin (LPS), which binds to TLR-4. Other TLRs that are im-
portant for bacterial sensing are TLR-2, which recognizes lipoproteins, lipo-
teicoic acid and peptidoglycan, and TLR-5, which binds to flagellin [46]. 

Importantly, not only foreign structures elicit innate immune responses.  
Intracellular molecules are released by damaged och stressed cells, in tissue 
injury, for example in wounds, or necrotic cell death secondary to sepsis. 
These so called damage-associated molecular pattern molecules (DAMPs), 
e.g. uric acid, adenosine triphosphate, and High Mobility Group Box 1, are 
sensed through mechanisms similar to PAMP-recognition [48]. 
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Figure 2. Cellular location of pattern recognition receptors. Toll-like receptors 
(TLR) are located within cytoplasmic and endosomal membranes. C-type lectins are 
located within the cytoplasmic membrane and detects pathogen-derived carbohy-
drates. Nod-like receptors (NLR), retinoic-acid inducible gene (RIG)-like receptors 
(RLR), and Cytosolic DNA sensors (CDS) are present in the cytosol. Reprinted with 
permission from Abbas et al., Cellular and Molecular immunology (2017). 

PRR-ligation activates intracellular signalling pathways that promote pro-
duction of inflammatory cytokines, chemotactic factors, antimicrobial pep-
tides, and interferons, figure 3. First, adaptor molecules, i.e. MyD88, MAL, 
TRIF and TRAM, associate with the cytosolic part of the PRR receptor. 
MyD88 is involved in most TLR-induced pathways (not TLR-3), and is cru-
cial in the early response to bacterial infections [46]. Myd88 and IRAK4 (a 
protein that is recruited directly downstream of Myd88) deficiency, are rare 
genetic disorders that predispose to recurrent life-threatening bacterial in-
fections at young age [49]. Further downstream events terminate in degra-
dation of the inhibitor of ĸB (IĸB), which releases nuclear factor kappa B 
(NFĸB), so it can translocate into the nucleus and induce transcription of 
pro-inflammatory proteins, e.g. TNF-α, IL-1, and IL-6 [46].  
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Figure 3. TLR4-signalling. LPS ligation to TLR4 activates both MyD88 and TRIF-
dependent pathways. The MyD88 pathway activates production of pro-inflamma-
tory cytokines, while the TRIF pathway result in interferon production. Reprinted 
with permission from [46]. 

Macrophages  
Macrophages express a wide array of PRRs. When activated, they release 
pro-inflammatory cytokines and chemokines that induce diverse reactions, 
such as recruitment and activation of neutrophils and other immune cells, 
endothelial cell activation, fever, and liver production of acute phase pro-
teins. 

Macrophages can be of embryonic or hematopoetic origin. Many special-
ised tissue-resident macrophages, e.g. Langerhans cells in the skin, Kupffer 
cells in the liver, microglial cells in the central nervous system, and alveolar 
and peritoneal cavity macrophages, derive from the foetal liver and yolk 
sac, and self-renew under steady state conditions. Blood-derived monocytes 
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maintain other tissue macrophage populations, for example in the gastroin-
testinal tract, and constitute an important source of macrophages in inflam-
mation. Monocyte-derived macrophages are of special importance for the 
resolution of inflammation, by clearing apoptotic cells and inflammatory 
debris, and by production of anti-inflammatory cytokines, e.g. IL-10 and 
TGF-β [50]. Another central role of macrophages in infections is their path-
ogen-clearing role as tissue-resident phagocytes. Macrophages located in the 
marginal zone of the spleen, have enhanced capacity for phagocytosis, and 
specialise in capturing blood-borne pathogens [51].  

Neutrophils 
Neutrophils are key effector cells of innate immunity. Severe prolonged neu-
tropenia, or functional neutrophil defects, such as chronic granulomatous 
disease, result in recurrent bacterial and fungal infections [52].  

Neutrophil production and release from the bone marrow  is controlled 
by granulocyte colony-stimulation factor (G-CSF) [52]. The bone marrow 
reserve is five to six times larger than the circulating pool, and can be re-
leased in severe infections [53]. Neutrophils survive a relatively short time 
(hours to days) in the circulation, but once activated, by various substances 
that interact with receptors in the membrane, e.g. PAMPs, IgG, cytokines, 
and integrins, their lifespan increases [52, 54].  
    Vascular endothelial cells near a site of pathogen invasion are activated 
by PAMPs that bind to PRRs on their surface, or by cytokines released from 
resident cells in the surrounding tissue. The activated endothelium recruits 
neutrophils via upregulation of adhesion molecules, which leads to neutro-
phil rolling along the endothelium, adhesion, and transmigration, preferen-
tially at endothelial junctions, but also transcellularly [54]. 

Extravasated, activated neutrophils cross tissues with help from integrins 
and granule-derived proteolytic enzymes, following a chemotactic gradient 
to the site of infection. They kill bacteria via: i) phagocytosis, ii) degranula-
tion of granule contents, and iii) the extrusion of neutrophil extracellular 
traps (NETs), as outlined in figure 4. In NETosis, neutrophils release their 
DNA content covered by histones, granule-derived proteases, and antimi-
crobial proteins, trapping bacteria in an environment with high concentra-
tion of toxic substances [55]. 
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Figure 4. Neutrophil effector mechansims. Neutrophils fight off bacterial invasion 
by release of toxic granule contents, phagocytosis, and via extrusion of their DNA 
covered by bactericidal proteins. Adapted from [56] and reprinted with permission.  

Neutrophils contain a plethora of antimicrobial substances, which work 
within phagolysosomes, or extracellularly after degranulation. These sub-
stances are stored in cytoplasmic granules, named according to when they 
appear in the neutrophil differentiation process: i) primary ii) secondary, 
and iii) tertiary. In addition to granules, there are so called secretory vesicles, 
which are smaller, and produced last in granulopoesis [53], table 1. 

 

Table 1. Neutrophil granule content and propensity for exocytosis 

 Primary 
(Azurophilic) 

Secondary 
(Specific) 

Tertiary 
(Gelati-
nase) 

Secretory 
vesicles 

Content Myeloperoxidase 
Proteinase 3 

Neutrophil Elas-
tase 

Cathepsin G 
Cathepsin C 
Azurocidin 
α-Defensins 

(HNP) 
BPI 

Lysozyme 

Lactoferrin 
hCAP-18 

SLPI 
α-1-antitrypsin 

Lactoferrin 
Gelatinase 
Pentraxin 3 
Lysozyme 

 

Gelatinase 
Arginase 1 
Lysozyme 

A1 antitrypsin 
Alkaline phos-

phatase 

Exocytosis Low + ++ +++ 

HNP: Human neutrophil peptide, BPI: Bactericidal permeability-increasing Protein, 
SLPI: Secretory leukocyte protease inhibitor. 
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An internal control mechanism of neutrophils, which prevents collateral tis-
sue damage, is the presence of protease inhibitors, e.g. α1-antitrypsin and 
SLPI, in granules. Regulation is also mediated by activating and inhibitory 
receptors and ligands, which can be rapidly recruited to the neutrophil sur-
face, from the membranes of intracellular granules [57].  

NK cells 
Natural killer (NK) cells are granulated innate cell lymphocytes lacking spe-
cific antigen receptors, which comprise 5-10% of circulating lymphocytes, 
and mediate viral defense and tumor surveillance. Activation of NK cells is 
complex, and involves activating and inhibitory receptors, and cytokine sig-
nals from macrophages. As IFN-γ-producers, NK cells activate macro-
phages, and control virus infections, and other intracellular or phagocy-
tosed pathogens [58, 59]. NK cells recognize stressed (infected and tumor) 
cells, not via MHCI-associated antigen, but via other ligands on their sur-
face, and induce apoptotic cell death by similar mechanisms to cytotoxic T 
cells, described below [60]. 

The role of NK cells in the pathogenesis of sepsis is unclear. Animal stud-
ies show that NK cells migrate rapidly to the site of an infection, and that 
NK-cell depletion is protective in experimental sepsis. Human studies report 
increased circulating numbers of NK cells during sepsis, but apoptotic loss 
in peripheral tissues [29].  

Soluble factors 

Cytokines 
Cytokines are small proteins that provide communication between immune 
cells. They regulate immune responses via specific receptors, and signal in 
an endocrine, paracrine or autocrine manner, at very low concentrations. 
There are over one hundred known cytokines, including the interferons 
(IFN), interleukins (IL), chemokines (e.g. CC and CXC) (which orchestrate 
immune cell migration), mesenchymal growth factors, tumor necrosis factor 
(TNF) and adipokines. Distinguishing features of cytokines are: i) pleiot-
ropism, meaning that a specific cytokine has several effects depending on 
the target cell, and ii) redundancy, which denotes that cytokines overlap in 
function [61]. Cytokines are often classified as either pro- or anti-inflam-
matory, where IL-1, IL-6 and TNF are important pro-inflammatory cyto-
kines, and IL-4, IL-10 and TGF-β are typical anti-inflammatory. The same 
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cytokine may however have both pro-and anti-inflammatory effect in dif-
ferent circumstances, and depending on the target cell. 

Complement  
The complement system consists of circulating soluble liver-derived pro-
teins, which may kill pathogens non-specifically, and eliminate them via op-
sonization. The alternative complement pathway has a sentinel function, on 
account of its activation directly on microbes, which lack the complement 
inhibiting surface molecules that are expressed on host cells. The classical 
complement pathway, requires antibodies attached to pathogens to be acti-
vated, and the lectin pathway, is activated by mannose-binding lectin (MBL) 
that bind to sugars on the surface of bacteria and fungi [5]. 

All three pathways converge on cleavage of C3, which generates C3a, 
which recruits and activates inflammatory cells, and C3b, which is an op-
sonic factor that also amplifies the complement activating loop, generating 
more C3b. Receptors for C3b is expressed on macrophages and activated 
neutrophils, to facilitate phagocytosis. C3b also participate in cleavage of 
C5, which releases the potent pro-inflammatory molecule C5a, and acti-
vates formation of membrane attack complex (MAC), which forms lytic 
pores in bacterial membranes [5]. In sepsis, there is systemic hyperactivation 
of complement, with a burst of C3a and C5a production. Blockade of C5a 
with monoclonal antibodies has been successful in animal models of sepsis, 
and results from a phase II RCT on the effect on septic organ dysfunction 
is pending (NCT02246595) [62]. 

Antimicrobial peptides and proteins  
The first antimicrobial peptide (AMP), cecropin, was sequenced in 1981 
[63] Since then, >3000 antimicrobial peptides (AMPs) and proteins have 
been characterized, forming part of innate immunity in all multicellular or-
ganisms. There are 139 human AMPs, often referred to as host defence pep-
tides (HDPs), due to their immune-regulatory functions [64].  

AMP size varies from 10 to 150 amino acid residues [65]. They are se-
creted by epithelial cells, or work inside white blood cells on phagocytosed 
organisms, and are attracted to negatively charged structures on microbial 
membranes via their positive charge [65, 66]. AMPs form pores, or desta-
bilize microbial membranes, by inserting or attaching to their surface. In 
addition, they interfere with intracellular processes, such as enzyme activity, 
and DNA or protein synthesis [67]. Antimicrobial spectrum varies, and may 
include bacteria, viruses, fungi and parasites. The immunological effects of 
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AMPs are elusive, and include being chemoattractants, intervening with 
TLR-signaling, induction of cytokine and chemokine production, inflam-
masome activation, cell maturation, and regulation of cell death processes 
[68, 69].  

Two well characterized human AMP groups are defensins (α and β), and 
cathelicidin.  Among the α-defensins, HNP 1-4 are mainly produced in neu-
trophils, and stored in primary granules, while HD-5 and 6 are secreted by 
cells in the intestine [65, 68]). Beta-defensins, are produced by epithelial 
cells, in response to pro-inflammatory stimuli [69] Cathelcidin derives from 
the pro-peptide hCAP-18, which is cleaved to release LL-37 [65]. hCAP-18 
is a component of secondary granules of neutrophils, and is inducibly ex-
pressed in many epithelial cells [69]. 

AMPs have long been viewed as promising candidate drugs to treat in-
fections, but their systemic use is limited by their instability and toxicity 
[70]. Apart from their own bactericidal effect, AMPs can work synergisti-
cally with antibiotics, by increasing membrane permeability [68, 71]. Bac-
terial AMP resistance mechanisms have been reported [67]. A few AMPs 
are in clinical practice, for topical treatment of ear, eye and skin infections 
(polymyxin B and bacitracin), and systemically in complicated soft tissuse 
and joint infections (daptomycin), and infections with resistant gram-nega-
tive bacteria (colistin) [72]. Many experimental and clinical studies have 
been pursued, on both natural and synthetic AMPs, for a wide array of in-
fections, inflammatory conditions (rosasea, acne), and for wound treatment 
(venous leg and diabetic foot ulcers) [70, 71, 73]. 

Dendritic cells 
Dendritic cells (DCs) are the sentinel cells of innate immunity, and essential 
for induction of the adaptive immune response.  

Conventional DCs (cDCs), the typical antigen-presenting cells, reside in 
most organs, but most abundantly in the skin and at mucosal barriers. They 
sample the surrounding tissue for self and foreign antigens through recep-
tor-mediated phagocytosis and macropinocytosis, process the antigens, and 
present peptide fragments on MHC class I and II on their surface. DCs also 
express a wide array of PRR, and are activated in the presence of PAMPs in 
the tissue [74]. Activation leads to expression of co-stimulatory molecules 
(i.e.CD80, CD86 and CD40), and CC-chemokine receptor 7 on the DC sur-
face, which facilitates chemokine-driven migration into lymphatic vessels, 
and transportation to draining lymph nodes, or other secondary lymphoid 
tissues, where they present antigens to naïve CD4+ and CD8+ T cells [75]. 
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Protective immune responses: adaptive immunity 
Although functionally distinct, adaptive immunity act in synergy with in-
nate immune responses to eradicate infections, and to generate immunolog-
ical memory. Adaptive immune responses have the three hallmarks: i) spec-
ificity, ii) memory and, iii) adaptability.  

T cells 
T cells proliferate, differentiate, and undergo selection in the thymus. Cells 
that do not interact with MHC, or that bind too strongly to MHC-antigen 
complexes, are deleted. The rest differentiate into CD4+ and CD8+ T cells, 
and leave the thymus, after a last round of selection that removes auto-re-
active cells [76]. Naïve T cells have a long life-span. They recirculate be-
tween secondary lymph organs every 12 to 24 hours, to browse for antigens. 
At any moment in time, the blood contains only 2 to 3 percent of the total 
T cell pool [77].  

T cell activation, e.g. in a bacterial infection, requires a danger signal 
delivered by activated dendritic cells. Naïve CD4+ cells meet their MHCII-
associated antigen, on a dendritic cell in a secondary lymphoid organ, and 
the T cell receptor (TCR) attaches. CD28 on the T cell surface then ligates 
with CD80/86 (B7.1/B7.2) on the dendritic cell. This provides the necessary 
co-stimulation, which results in cytokine (e.g. IL-2) production and full T 
cell activation. CD4+ cells proliferate, and differentiate into different types 
of functional effector cells, depending on cytokine-mediated instructions 
from innate immune cells [9, 78]. Superantigens are bacterial toxins that 
bypass antigen-presentation, and induce polyclonal CD4+ cell (up to 20 %) 
activation, via cross-linkage of MHCII and TCRs outside the antigen spe-
cific regions. This leads to a sudden massive release of T cell cytokines (IL-
2, IFN- γ, TNF-α), which can induce the so called “toxic shock syndrome” 
[79]. 

CD4+ (helper T) effector cells are distinguished by the cytokines they se-
crete, and mediate specific functions in the protection against pathogens.  

 
 
 
 
 
 
 



26 
 

ANNA LANGE  SLPI and soluble BTLA as immunological markers  
 

The main effector cell subsets, their associated cytokines, and/or leading 
functions with regard to infections are: 

i) T helper 1 (TH1): IFN-γ. Protect against intracellular patho-
gens, such as mycobacteria, certain fungi, and viruses. 

ii) T helper 2 (TH2): IL-4, IL-5, IL-9, IL-10, and IL-13. Protect 
against extracellular parasites.  

iii) T helper 17 ((TH17): IL-17. Fight of extracellular bacteria and 
fungi at mucosal surfaces via  neutrophil recruitment [80]. 

iv) Follicular helper cells (TFH): Essential for development of 
plasma cells and memory B cells [81].  

v) Regulatory T cells (Treg): IL-10, TGF-β. Suppress immune re-
sponses to maintain self-tolerance and immune homeostasis 
[78].  

CD8+ cells are primed by two-step signals similar to CD4+ cells, but via 
MHCI. In contrast to MHC II, all nucleated cells express MHCI, but CD8+ 
cells respond best to antigens presented by DCs. Since not all viruses infect 
DCs, this is assumed to take place via so called cross-presentation, whereby 
DCs present antigen that derives from ingested parts of infected cells on 
MHCI  [82]. Usually, CD8+ cells need CD4+ help (via DC stimulation) to 
differentiate into efficient cytotoxic T cells, also called cytotoxic T lympho-
cytes (CTL) [74]. CTLs are important, in particular in the defense against 
intracellular pathogens, and for cancer surveillance. They bind to infected 
or cancer cells, via antigen-MHCI complexes, and release granules contain-
ing perforin and granzymes. Perforin creates membrane pores which allows 
granzymes to enter the target cell and induce apoptosis [83] After elimina-
tion of the infecting pathogen, most cells in the CD8+ clone die by apoptosis, 
but some survive and mature into memory CD8+ cells, which can rapidly 
generate CTLs in a second exposure to the pathogen [58]. 

B cells 
Like T cells, B cells can recognize an immense number of antigens. T cell-
independent activation of B cells is typical for polysaccharide antigens, and 
results in low-affinity IgM antibodies. So-called Marginal Zone B cells, lo-
cated in the spleen, specialize in mounting rapid T cell-independent re-
sponses to blood borne antigens, and have enhanced phagocytic ability [84]. 
Splenectomy leads to an increased risk of fulminant sepsis caused by encap-
sulated bacteria [85]. T cell (TFH) dependent activation of follicular B cells 
occurs in response to protein antigens. This results in class-switching (IgM 
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to IgG, IgA and IgE), antibody affinity maturation, and development of 
memory cells (requires formation of the germinal center) [86].  

Co-signaling proteins in regulation of immune responses 
Numerous activating and inhibitory interactions between T cells and APCs 
regulate the magnitude, and duration of the immune response. This is me-
diated by co-signalling molecules, which belong to either of two families 
based on their structure: i) the immunoglobulin superfamily (IgSF) and ii) 
tumor necrosis factor receptor superfamily (TNFRSF). As a rule, co-signal-
ling proteins interact with ligands belonging to the same family. Two im-
portant co-inhibitors are Cytotoxic T lymphocyte associated protein 4 
(CTLA-4) and Programmed death-1 protein (PD-1), which are depicted 
along with other co-inhibitors in figure 5.  

 

Figure 5. Co-inhibiting receptors and ligands. PD-1: Programmed death 1, PD-L1: 
Programmed death ligand 1, HVEM: Herpes Virus Entry Mediator, BTLA: B and 
T lymphocyte attenuator, LIGHT: homologous to Lymphotoxin exhibits Inducible 
expression and competes with HSV Glycoprotein D for binding to Herpesvirus entry 
mediator, a receptor expressed on T lymphocytes, CTLA-4: Cytotoxic T lymphocyte 
antigen 4, MHC II: Major histocompatibility complex II, LAG-3: Lymphocyte ac-
tivation-gene 3, CEACAM-1: Carcinoembryonic antigen-related cell adhesion mol-
ecule-1, TIM-3: T cell membrane protein-3. Modified, and reprinted with permis-
sion from [87]. 
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CTLA-4 in expressed on the T cell surface soon after activation, and binds 
to CD80/CD86 on APCs, with much higher affinity than CD28, thereby 
opposing further co-stimulation [88, 89].  

PD-1 is structurally similar to CTLA-4, but more widely expressed, i.e. 
on T cells, B cells, NK cells, monocytes and dendritic cells [90]. While 
CTLA-4 regulate early T cell activation, PD-1 limits later immune re-
sponses, in the peripheral tissues [91]. PD-1 has two ligands, PD-L1, which 
is expressed by a variety of cells, including non-hematopoetic cells, and PD-
L2, which is mainly, but not exclusively, expressed on APCs [90].  

The importance of co-inhibitory pathways in maintaining homeostasis is 
demonstrated by lymphoproliferative and autoimmune manifestations in 
mice lacking these genes [92, 93]. CTLA-4, PD-1 and PD-L1 expression 
have been shown to be increased in sepsis, and this is believed to reflect a 
state of immune suppression [94-96]. Blockade of the PD-1 pathway in sep-
sis is under current investigation, as will described in the context of immune 
therapy. 

Dysregulated immune response in sepsis 
The hallmark of sepsis, is a dysregulated immune response that causes organ 
dysfunction, rather than protecting the host. The acute phase typically fea-
tures excessive inflammation, which is mediated by cytokines that activate 
cascades of other pro-inflammatory mediators, including, histamine, plate-
let activating factor and prostaglandins [97]. This induces generalized acti-
vation of neutrophils, complement, endothelial cells, and platelets, which 
leads to release of tissue-toxic substances, intravascular coagulation and 
thrombosis, and disrupted endothelial integrity [15]. 

While pro-inflammation dominates initially, there is accumulating evi-
dence of early, and progressive immune suppression in sepsis. The first ob-
servations suggestive of a contributing pathogenic role of immune suppres-
sion, were reports of reduced HLA class II antigen expression and cytokine 
secretion, in monocytes isolated from sepsis patients with a fatal outcome. 
This was named “immunoparalysis” [98]. In 1996 the term CARS (Com-
pensatory Anti-inflammatory Response Syndrome) was coined, to describe 
a two-sided septic immune response, which could explain why anti-inflam-
matory sepsis trials had failed [99]. Additional evidence of sepsis-associated 
immune suppression came from studies showing that sepsis was associated 
with late-phase re-infections by opportunistic pathogens [100]. Post mor-
tem studies reported unresolved septic foci, loss of immune cells, T cell an-
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ergy, and upregulated inhibitory proteins, along with downregulated acti-
vating proteins, on immune cells and in tissues [101-103]. Consistent with 
these findings, sepsis, and septic mortality, have been shown to be associ-
ated with reactivation of latent viruses, in particular Cytomegalovirus 
[104]. 

Immune suppression is now considered to be of central importance in the 
immune pathology of sepsis, and to involve apoptotic loss of innate and 
adaptive immune cells, and disrupted effector functions, in particular affect-
ing T cells, i.e. “T cell exhaustion” [103, 105]. Functional aspects of sepsis-
associated immune suppression are [97, 103]:  

i) Neutrophils: Chemotactic activity and bacterial clearance ↓  
ii) DCs: HLA-DR expression ↓, IL-10 secretion ↑. Inability to in-

duce robust T cell responses. 
iii) Monocytes and macrophages: Pro-inflammatory cytokine re-

sponses to TLR-stimulation ↓ HLA-DR expression ↓ 
iv) NK cells: IFN-γ ↓ 
v) CD4+: Suppressed TH1 and TH2, and TH17 responses. In-

creased proportion of Treg cells. 

Based on the evidence of simultaneous and sustained alterations in innate 
and adaptive immunity, a new conceptual model of the immune dysfunction 
in sepsis has been proposed. While the interplay between inflammation and 
immunosuppression is still ill-defined, this model describes the co-existence 
of inflammation and immunosuppression in the acute phase of sepsis, and 
the sustained immunological derangement that contributes to late phase 
morbidity and deaths [103, 106], figure 6.  
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Figure 6. Early and late immune alterations and outcome in sepsis. Reprinted with 
permission from [107]. 

Therapies targeting immune dysregulation in sepsis 
While recent advances in the understanding of sepsis pathobiology has mo-
tivated immune-boosting approaches, some strategies aiming to suppress 
immune-activation are still under debate, or investigation.  

Cortisone 
The first RCT on adjunctive treatment in sepsis was published in 1976, and 
reported a significant survival benefit for a bolus dose of cortisone [108]. 
Subsequent studies have shown inconsistent results. A Cochrane review 
from 2015 reported improved survival with prolonged cortisone courses (>3 
days) at lower doses (<400 mg daily), but a later metaanalysis failed to 
demonstrate an advantage [109, 110]. Two recently published large RCTs, 
again showed conflicting results. The ADRENAL study, showed no effect 
on short-term mortality, while the APPROCCHSS study, which added 
fludrocortisone to the hydrocortisone arm, showed a slight survival benefit 
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at 90 days [35, 37]. The current place for cortisone in sepsis therapy is in 
vasopressor-resistant septic shock [44]. 

Intravenous immunoglobulin (IVIg) 
Polyclonal intravenous immunoglobulin (IVIg) could theoretically neutral-
ize bacterial toxins and inflammatory mediators, and modulate the immune 
response in sepsis, but the current evidence for improved survival is weak 
[111]. Recently, an RCT on necrotizing soft tissue infection showed no sur-
vival benefit [112].  Invasive Group A streptococcal (GAS) infections have 
high case-fatality rates, and has been shown to be associated with signifi-
cantly lowered levels of protective antibodies against superantigens and M-
protein, which provides a rationale for the use of IVIg in this patient group 
[113, 114]. A small RCT, including 21 patients with GAS toxic shock syn-
drome, whereof 13 had deep tissue infection, reported a non-statistically 
significant 3.6-fold higher 28-day mortality rate in the placebo group [115]. 
Due to low quality of evidence, the SSC guidelines advice against the use of 
IVIG in sepsis, but encourage new trials [44].   

Blood purification 
Another strategy to remove toxic substances is blood purification, for which 
there is two basic approaches. High volume hemofiltration (HVHF) was 
recently subject to a Cochrane metaanalysis, and did not reduce mortality 
[116]. The second strategy, cytokine hemadsorption, was studied in a non-
blinded pilot RCT (N=20) that did not show effect on the endpoint (organ 
failure at 48 hours) [117]. Despite this, the technique is widely used, and is 
followed in a prospective case study [118].  

Blood levels of endotoxin can be elevated irrespective of the causative 
pathogen in sepsis, possibly due to increased gut permeability [119]. High 
endotoxin levels were shown to be associated with organ failure [120]. Pol-
ymyxin B (PMB) binds irreversibly to LPS. Previous studies on extracorpo-
real PMB hemadsorption for septic shock have produced heterogenous re-
sults, but a recent multicenter study, showed no effect on mortality or other 
clinical outcomes, nor did it lower endotoxin activity [36, 121]. In conclu-
sion, there is no evidence supporting the use of blood purification is sepsis. 

Granulocyte-macrophage colony stimulating factor 
Granulocyte-macrophage colony stimulating factor (GM-CSF) stimulates 
proliferation and differentiation of myeloid bone-marrow precursors, but 
also survival and activation in mature neutrophils and macrophages [122]. 
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This provides a rationale for its use as adjunctive treatment in sepsis, i.e. to 
improve pathogen clearance. There is, however, no current evidence from 
clinical trials to support this. GM-CSF was administered after the initial 
inflammatory phase in four small RCTs. Results from a metaanalysis indi-
cated an effect on time to recovery, and on HLA-DR expression, but there 
was no effect on short-term mortality [123].  

IFN-γ  
Interferon gamma (IFN-γ) is produced by TH1, activated CD8+, and NK 
cells, and activates macrophages and induces HLA-DR expression [78, 
124]. Reports on sepsis-associated monocyte deactivation in the 1990’s, 
suggested IFN-ϒ-treatment as adjuvant sepsis treatment [125]. A pilot 
study on septic patients showed restoration of HLA-DR expression [126]. 
There are still no published results from randomized trials, but case re-
ports describe positive effects in invasive fungal infections [127, 128].  

IL-7 
Persistent lymphopenia is associated with worse outcome in sepsis [129]. 
Interleukin-7 (IL-7) is a non-redundant growth factor necessary for naïve T 
cell survival and proliferation [130]. The immune-restorative effect of re-
combinant human IL-7 (CYT107), on septic shock patients with severe lym-
phopenia, was investigated in a recent phase II study (IRIS-7), with positive 
results regarding CD4+ and CD8+ cell counts [131]. A follow-up study is 
currently recruiting (NCT03821038). 

Checkpoint inhibition 
The success of checkpoint inhibitors (i.e. CTLA-4 and PD-1 blockade) in 
advanced cancer, and the evidence of immune cell exhaustion in sepsis, has 
motivated trials of checkpoint-inhibition in sepsis [132-134]. Ex vivo stud-
ies on immune cells from septic patients, and results from experimental sep-
sis models in mice, provide evidence that blocking the PD-1-PD-L1 pathway 
can restore immune cell function, and be favourable in terms of organ fail-
ure and mortality [135-137].  

Three recent phase II studies investigated PD-1 and PD-L1 blockade in 
patients with sepsis >24 hours, and lymphopenia, and reported positive ef-
fect on immune function, defined as increased mHLA-DR expression. Im-
mune-related side effects were common [138-140]. CTLA-4 blockade has 
not been studied in human sepsis, but is reported to reduce T cell apoptosis 
in mice [141]. 
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Secretory leukocyte protease inhibitor (SLPI)  
Secretory leukocyte protease inhibitor (SLPI) was first isolated from bron-
chial secretions, and identified as an inhibitor of neutrophil elastase (NE) 
[142]. It was later purified in saliva, and sequenced to a 107 amino acid 
residue peptide [143].  

SLPI is secreted by various epithelial cells, by macrophages and dendritic 
cells, and is stored in the secondary granules of neutrophils [144-147]. Be-
sides NE, the antiprotease activity of SLPI includes Cathepsin G produced 
in neutrophils, and mast cell-derived chymase and tryptase [148]. SLPI pro-
duction is induced by NE, and by inflammatory stimuli, such as PAMPs and 
pro-inflammatory cytokines [149-151]. 

SLPI has a larger role in immunity than protecting epithelia from prote-
ase-mediated degradation in inflammation, figure 6. First, it has antimicro-
bial activity, which, like for other host defense peptides, is associated with 
its positive charge. The antimicrobial spectrum includes gram-positive and 
gram-negative bacteria, various fungi and mycobacteria [148, 152]. Addi-
tionally, SLPI has implications in viral infections. It was shown that high 
levels of SLPI in vaginal secretions of untreated HIV positive women was 
associated with protection from perinatal transmission [153, 154]. 

 

 

Figure 6. SLPI in infection and immunity. Schematic illustration of the protective 
and regulating functions of SLPI. Reprinted with permission from [148]. 
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SLPI has attracted a lot of interest as a modifier of inflammation. A sem-
inal study in mouse macrophages indicated that LPS-induced SLPI expres-
sion could suppress the production of pro-inflammatory cytokines [145]. It 
was further demonstrated that SLPI attenuates TNF-α-induced neutrophil 
oxidative burst, and TLR-mediated responses in monocytes and macro-
phages [150, 155]. Later, it was identified that the anti-inflammatory effect 
of SLPI was mediated via inhibition of NFĸB activation [156, 157]. In line 
with this evidence, SLPI deficient mice were shown to have increased sus-
ceptibility to LPS-induced shock [158]. It has been proposed that SLPI, via 
its anti-inflammatory mechanisms, is important for maintaining tolerance 
to harmless microbes at mucosal surfaces [146, 159]. 

Another immunological effect of SLPI is attenuation of the formation of 
NETs, via inhibition of NE-mediated histone cleavage in the cell nucleus, a 
key event in NETosis [160]. Finally, SLPI has been ascribed a potential role 
in neutrophil maturation and survival [161]. 

Many studies cover the mechanisms of SLPI secretion, and its protective 
role at epithelial barriers [148]. SLPI was shown to be decreased in infec-
tious COPD exacerbations, and to be involved in the disturbed protease/an-
tiprotease balance behind the pathology of chronic infections in cystic fi-
brosis [162, 163]. There is pre-clinical evidence of a local protective effect 
of SLPI in CNS trauma and ischemic injury, and in cardiac ischemia, which 
could be mediated via its anti-protease and anti-inflammatory activity [164-
166]. 

  The circulating levels of SLPI are significantly lower (nanomolar com-
pared to micromolar) than in mucous secretions [150, 162]. SLPI was 
shown to be elevated in serum and plasma of patients with pneumonia, sep-
sis, and experimental endotoxemia [150, 167]. SLPI was also increased in 
acute pancreatitis, and acetaminophen-induced liver failure [168, 169] . 
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BTLA 
B and T lymphocyte attenuator (BTLA), also known as CD272, a member 
of the IgSF, was the third T cell co-inhibitor to be described, after CTLA-4 
and PD-1, as a receptor induced on CD4+ cells during activation. BTLA was 
shown to be expressed on both B and T cells, and deletion of the BTLA gene 
in mice resulted in increased T cell proliferation after stimulation [170]. 
Further studies showed that BTLA is also expressed on naïve T cells and 
APCs, and that contrary to what was observed in T cells, BTLA expression 
decreased following B cell activation [171, 172].  

Soon, in became clear that BTLA differed from other co-inhibitors in sev-
eral aspects. First, opposing the general rule, a member of the TNFRSF, 
herpes virus entry mediator (HVEM), was identified as the BTLA counter-
receptor. As the name implies, HVEM mediates herpesvirus entry into host 
cells [173]. Secondly, HVEM, already had two other known ligands, 
LIGHT [lymphotoxin-like, exhibits inducible expression, and competes 
with herpessimplex virus glycoprotein D (gD) for HVEM, a receptor ex-
pressed by T lymphocytes] and lymphotoxin alpha (LTα). In addition, it 
was shown that LIGHT and BTLA could bind simultaneously to HVEM at 
topographically different binding sites [173]. Later, a fourth ligand for 
HVEM was identified, CD160 [174].  

The HVEM signaling network can convey both activating (LIGHT and 
LTα) and inhibiting (BTLA and CD160) signals, but the net function of 
HVEM is inhibitory, as demonstrated by increased inflammatory responses 
in HVEM knockout mice [175, 176]. Both BTLA and HVEM are widely 
expressed in tissues, and among immune cells (T cells, B cells, NK cells, DCs 
and macrophages) [175]. An additional layer to the complexity of this sig-
naling system, is the dual role of HVEM as both receptor and ligand. Trans-
interaction between BTLA and HVEM on different cells results in an inhib-
itory signal via BTLA, but a stimulating signal to the HVEM wearing cell, 
while cis-interaction between BTLA and HVEM on the same cell, prevents 
HVEM-mediated activation [177], figure 7. 
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Figure 7. BTLA-HVEM interaction. BTLA and HVEM interaction can occur be-
tween cells (trans),  or on the same cell (cis). Trans-interaction results in bidirectional 
signalling: stimulation on the HVEM side, and inhibition on the BTLA side. Cis-
interaction between BTLA and HVEM blocks trans-interaction, and prevents 
HVEM-mediated activation. Published with permission from [178].  

The BTLA-HVEM pathway is a recent focus of interest in autoimmune dis-
ease and as a target in cancer immune therapy [179, 180].  There are few 
reports of BTLA expression on human immune cells in sepsis, and results 
deviate. Two studies report increased CD4+ BTLA expression in sepsis and 
another found gradually decreasing BTLA expression with increasing sever-
ity [96, 181, 182]. BTLA-knockout mice were protected from septic mor-
tality in an experimental model, but administration of anti-BTLA antibody 
to septic mice resulted in increased organ damage and mortality [183, 184]. 

Recently, it was shown that a soluble BTLA isoform, lacking the trans-
membrane region, is produced to greater extent relative to the full-length 
receptor in mice subjected to hemorrhagic shock, followed by sepsis. This 
study also investigated the biological significance of soluble BTLA, by stud-
ies on mouse splenocytes. It found that sBTLA induced increased IL-6 and 
IL-9 production, and increased proliferation of splenocytes from critically 
ill mice [185]. 
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Aims 
 

• To study antimicrobial peptide and SLPI plasma concentrations, 
in patients with community-acquired pneumonia (CAP), com-
pared to patients with non-respiratory infections, and non-in-
fected controls, and to study AMP concentrations in relation to 
severity and bacterial etiology in CAP (Paper I). 

• To further study SLPI in relation to the focus of infection, bacte-
rial etiology, disease severity, and immunological markers, over 
time, in community-onset bloodstream infection (BSI) (Paper 
III). 

• To evaluate the usefulness of soluble co-inhibitors as sepsis bi-
omarkers, and indicators of disease severity and short term prog-
nosis in ICU-treated patients (Paper II). 

• To further explore the utility of sBTLA as a prognostic bi-
omarker, and to evaluate its possible association with markers 
indicative of inflammation and immune suppression, in a less se-
verely ill infected patient cohort, i.e. BSI. To assess the dynamic 
expression of sBTLA in patients and controls, and the associa-
tion to disease severity and bacterial etiology (Paper IV).  
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Subjects and methods 

Patients 
This thesis is based on three clinical studies, which differ in terms of the 
focus of infection, disease severity, and presence or not of bacteremia. This 
enabled us to look at the studied markers from different perspectives. 

Paper I 
The study population in paper I consisted of a subgroup of patients enrolled 
in a larger study, including 294 patients hospitalized at the department of 
Infectious Diseases at Örebro University Hospital, for suspected commu-
nity-acquired pneumonia (CAP) [186]. Hospitalization the preceding month 
was the single exclusion criterion. Criteria for CAP were acute onset of ill-
ness, radiological signs of pulmonary consolidation and at least two of the 
following signs or symptoms: fever of ≥38°C, dyspnea, cough, pleuritic 
chest pain, or abnormal lung auscultation. Out of 235 patients with CAP, 
92 had a plasma sample collected on hospital admission, out of which 89 
had sufficient plasma for analyses, and was included in the study, along 
with 21 patients with non-respiratory tract infection (non-RTI), and 63 pa-
tients scheduled for orthopedic or urological surgery (controls). While not 
reported in the paper, the study groups did not differ significantly with re-
spect to age, but the non-RTI had a lower proportion of female study sub-
jects.  

Paper II 
The study population consisted of patients ≥18 years of age (N=129), who 
were treated at the intensive Care Unit at Karolinska University Hospital in 
Huddinge, Sweden. They had either been diagnosed with severe sepsis or 
septic shock within the last 24 hours before enrolment (Sepsis, N=101), or 
had been admitted due to non-infectious critical illness the last 24 hours 
(ICU controls, N=28). Sepsis was defined according to Sepsis-1 criteria, and 
there were no exclusion criteria. Blood and plasma donors (N=31, not age- 
and sex-matched), were included as a control group. The sepsis and ICU 
control cohorts did not differ with respect to age, and sex, however, a 
greater proportion of subjects in the sepsis cohort had malignancy, or were 
immunocompromised, whereas a greater proportion of ICU controls had 
diabetes. Sepsis patients, and ICU controls, were sampled for plasma at five 
time-points: at study enrolment (day 0), day one, and days 2, 4 and 6. 
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Papers III and IV 
The study population of papers III and IV was based on the prospective 
study “Dynamics of sepsis”, conducted at Örebro University hospital be-
tween 2011 and 2014, and designed to follow bacteremic patients, with re-
peated sampling over four weeks, with focus on bacterial DNA and immu-
nological markers. Patients ≥18 years, admitted to the Departments of In-
fectious Diseases and Internal Medicine, in whom a blood culture drawn on 
hospital admission showed clinically significant bacterial growth within 
three days, were eligible for inclusion. Exclusion criteria were infection with 
HIV, hepatitis B or C, and previous inclusion in the study. The study pro-
tocol included blood sampling on hospital admission, and days 1-2 (enrol-
ment), 3, 7±1, 14±2, and 28±4. In paper III, 109 patients from whom at 
least one plasma sample was available for analysis, were included, and in 
paper IV, 108. Thirty-one blood and plasma donors (the same as in paper 
II) were used as healthy controls, and plasma from days 0 and 28 were an-
alyzed. 

Storage of plasma 
Plasma from all study subjects was stored in biobanks at -70 to -80 °C. All 
samples in the individual studies, including control plasma, were treated 
equally.  
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Enzyme-linked Immunosorbent assay (ELISA) 
ELISA is a technique that enables detection and quantification of a specific 
antigen or antibody in a clinical or experimental sample. It comes in many 
variants, and the choice of method may depend on the nature of the antigen, 
or the specificity of the antibody that one aims to quantify. Figure 8 shows 
two basic ELISA methods that are typically performed on a plastic multi-
well plate. 

Figure 8. Principles of Enzyme-linked immunosorbent assay (ELISA). Between 
each step, unbound antibody or antigen is removed in a rinsing step. 

In the Indirect assay, the sample, e.g. plasma or serum, is added to a plate 
well, upon which proteins that are present in the sample will bind non-spe-
cifically to the plastic surface. Unlabeled primary antibodies, specific to the 
antigen of interest, are added to the well. Following a rinsing step that re-
moves unbound antibody, secondary enzyme-conjugated antibodies, which 
binds to the primary antibodies, are added. After another rinse, a chromo-
genic substrate for the conjugated enzyme, is added. There are different en-
zyme systems, the most commonly used being alkaline phosphatase and 
horseradish peroxidase (HRP). The enzyme-reaction results in a colored 
product, and the intensity of the color is proportional to the amount of an-
tigen in the sample. Multiple secondary antibodies can bind to the same 
primary antibody, which amplifies the enzyme reaction.  
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The Capture assay (also called “Sandwich” because the antigen of inter-
est is sandwiched between two antibodies) allows detection of very low con-
centrations of antigen, and is the method used in most commercial ELISA 
kits. Instead of antigen, the wells are coated with a fixed amount of anti-
bodies, specific to the antigen of interest. The sample is added, and if it 
contains the antigen, this will bind to the immobilized antibodies. Next, a 
second, enzyme-labelled, detector-antibody is added, which binds to an-
other epitope on the antigen. After this step, the capture assay can follow 
the principles described above, however, a common modification is the use 
of biotin-labelled, instead of enzyme-conjugated antibodies. Biotin is, in 
fact, a B-vitamin, that is used in biotechnology due to its extreme avidity to 
the tetrameric bacterium-derived protein streptavidin. Streptavidin, in turn, 
can be conjugated to an enzyme, and when added to a well containing cap-
tured antigen, several streptavidin-enzyme complexes can bind to each bio-
tinylated antibody, which enhances the enzymatic reaction that follows ad-
dition of the chromogenic substrate.  

The result of an ELISA can be read either as “positive or negative”, or be 
quantified, using a plate reader. To allow for determination of antigen con-
centration in a sample, a fitted standard curve is created for each run, based 
on a step-wise diluted reference (standard) sample, containing a known con-
centration of antigen or antibody. 

While ELISAs are relatively simple to perform, there are sources of con-
centration estimation error, which are important to take into account. Intra-
assay variability, due to for example uneven coating, can be controlled for 
by analyzing samples in duplicate, or triplicate, and inter-assay variations 
can be controlled for by including internal and blank controls.   

SLPI and sBTLA detection 
Commercial biotin and HRP based Sandwich ELISA kits were used for de-
tection of sBTLA and SLPI. Detection ranges were SLPI: 78 to 5000 pg/mL, 
and BTLA: 0.45 (0.47) to 30 ng/mL. 
 
Sample dilution 
Plasma samples were diluted before analyses according to the manufactur-
ers’ instructions:  for SLPI detection 1:100, and for BTLA 1:5 in paper II, 
and as a result of lower BTLA concentrations in the less severely ill cohort 
of paper IV, we here diluted plasma 1:2.  
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Blood and other cultures 
Culturing procedures were specified in papers I, III and IV. Blood cultures 
were performed on all patients and controls in I, and on patients in III and 
IV, each consisting of 20 mL blood distributed equally between one aerobic 
and one anaerobic bottle, and incubated in a Bactec blood culturing system. 
In paper I, nasopharyngeal aspirates were retrieved from patients and con-
trols, and sputum samples from CAP patients. Other cultures in paper I, III 
and IV were performed according to clinical suspicion, and were analyzed 
with accredited diagnostic methods.  

Clinical data 
Clinical data, as well as information on culture results (other than blood 
cultures in III) were extracted retrospectively from patient records. 

Comorbidity and severity scores  
Scoring systems can be used as clinical decision tools, and for research pur-
poses. Different scores were used in papers I-IV to describe the cohorts, to 
correlate the studied markers to severity, and to control for severity in mor-
tality analyses. 

The Pneumonia Severity Index (PSI), and CURB-65 scores were devel-
oped to identify patients with CAP at high risk of death in 30 days, to help 
decide for inpatient or outpatient treatment. PSI score assessment is cum-
bersome, and divides patients into five risk classes based on age, sex, co-
existing disease, abnormal physical and laboratory findings, and chest x-ray 
findings [187]. CURB-65 is based on the presence of Confusion, Urea ni-
trogen concentration >7mmol/L, Respiratory rate ≥30, systolic Blood pres-
sure <90 or diastolic ≤60, and age ≥65. A simplified version of the CURB-
65 score, CRB-65, includes only clinical markers [188]. PSI was shown to 
have higher sensitivity, but lower specificity compared to CURB-65 [188].  

APACHE II is a risk score for in-hospital mortality in critical illness, as-
sessed during the first 24 hours after ICU admission [189]. It is based on 
age, previous health status (severe organ failure, recent surgery, immune 
suppression), and 12 physiological and laboratory parameters.  

The Sequential organ Failure assessment score (SOFA) was developed for 
dynamic assessment of severity of organ dysfunction in sepsis, and was later 
shown to correlate to survival also in other critical illness [190], Table 2.    
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Table 2. Sequential organ Failure assessment score (SOFA), adapted from [21].  

 SOFA score 

Organ system 0 1 2 3 4 

Respiration1 ≥53.3 <53.3 <300 (40) <26.7 with 
respiratory 

support 

<13.3 with 
respiratory 

support 

Coagulation2 ≥150 <150 <100 <50 <20 

Liver3 <20 20-32 33-101 102-204 204 

Cardiovascular MAP 
≥70 

MAP<70 Dopamine 
<5 or 

doubuta-
mine (any 

dose)b 

Dopamine 
5.1-15/ ep-
inephrine 

≤0.1/ nore-
orepineph-
rine ≤o.1 

Dopamine 
>15/epi-
nephrine 

>0.1/nore-
pinephrine 

>0.1 

Central nervous 
system4 

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

Renal5 <110 110-170 171-299 300-440 

(<500) 

>440 

(<200) 

1 PaO2/FiO2, kPa, 2 Platelets x 109/L, 3 Bilirubin, µmol/L, 4 Glasgow Coma Scale (3-
15), MAP= mean arterial pressure mmHg, b µg/kg/min for at least 1 hour, 5 µmol/L 
(urine output, ml/day) 

 

Statistics 

Group comparisons 
In paper I, t-test was used to compare mean antimicrobial peptide concen-
trations in the three study groups. P-values were corrected for multiple com-
parison with the Bonferroni method.  

In paper II, we performed Kruskal Wallis test, followed by pair-wise 
Mann Whitney, and post hoc Bonferroni-Holm correction for multiple 
comparisons. 
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In papers III and IV, study group, and subgroup differences, were as-
sessed with linear regression, with log-transformed SLPI and sBTLA as out-
come, and adjustment for relevant confounders, i.e. age, sex and severity. 

Associations and correlations 
Parametric (I) and non-parametric (II and III) correlation analyses, at indi-
vidual time-points, were performed between the studied markers, and 
known markers of inflammation and immunosuppression, and presented as 
Pearsons’s r (I), and Spearman’s rho (rs) (II and III). 

In paper IV, overall, and time-stratified, associations to other biomarkers 
were assessed with Linear Mixed Model analyses, with random intercept, 
log10 sBTLA as outcome, and days after hospital admission as fixed factor.  

Confounding 
Adjustments for possible confounders were made in papers II-IV. In IV, the 
studied marker (sBTLA) was negatively associated with age on day 1-2, 
hence age-adjustment was made in all subsequent analyses.  

Sex and age are possible confounders in mortality analyses, and were in-
cluded in the adjusted Cox models in II and IV. Baseline-comorbidities were 
categorized according to number of comorbidities (III), or into comorbidity 
score groups (IV) in adjusted analyses. We also adjusted for initial disease 
severity, APACHE II score in (II), and day 1 ∆SOFA in (IV).  

Missing data 
In papers II-IV, we had to deal with missing data over time. In II, missing 
values were imputed, to allow for time-varying mortality analysis, by mul-
tiple imputation, with baseline data as predictors for missing values [191].  
In papers III and IV, we performed missing data analysis regarding baseline 
factors, for patients who were sampled at all 6 time-points, and those with 
incomplete plasma series (III), and those with ≤1 missing sample or ≥2 (IV).  

Longitudinal data analysis 
Dynamic expression of SLPI and sBTLA, over time, and concentration dif-
ferences depending on bacterial etiology, at individual time-points (III and 
IV), were evaluated with Linear Mixed Model analyses, with random inter-
cept. The respective marker was the outcome variable in the Mixed Model 
analysis, and time, etiology, and their interaction term, were fixed factors.  
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Mortality analyses  
We used unadjusted and adjusted Cox Proportional Hazard models, with 
time to mortality as outcome, to study associations of the studied markers 
with short-and long-term mortality (papers II and IV). The studied markers 
were analyzed on continuous log scale, and categorized into two (IV) or 
three (II) groups based on concentration, to study dose-dependent as well 
as threshold-related associations. In IV the threshold sBTLA used in mor-
tality analyses was defined as the nearest even concentration above the high-
est concentration among controls. Cox regression was performed for day 1-
2 and 7 sBTLA. Mortality for categorized markers were presented with the 
Kaplan-Meier method. 

In II, we performed time-varying Cox Regression, after imputation of 
missing data, to account for the change of sBTLA over time, which may 
change the risk of the event (mortality) [192], figure 9.  

 
 

 

 

Figure 9. Effect on time-varying risk on mortality. Time-varying Cox regression 
calculates a weighted average Hazard Ratio (HR) from the different time windows 
defined by change in exposure. Reprinted with permission from [192].  
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Results 
A few other immunological mediators and potential biomarkers were stud-
ied in papers I and II, but only results regarding SLPI and sBTLA are pre-
sented here. I refer to papers I-II regarding detailed results on LL-37, HNP 
1-3, BPI, sPD-1, and sCTLA-4. 

SLPI  

CAP and controls, and in relation to source of infection 
In paper I, SLPI showed increased concentrations in CAP compared to con-
trols, and just outside the limit of statistical significance compared to non-
RTI (p=0.06). In (III) we found that pneumonia was significantly associated 
with higher SLPI concentrations than other sources of BSI, figure 10. 
 
 

 
 

Figure 10. SLPI in pneumonia and other sources of infection in BSI. SLPI concen-
trations were significantly higher in pneumonia (n=26) compared to other sources 
of BSI (n=71), reprinted with permission from paper III. 
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SLPI and bacterial etiology in BSI 
No significant etiology-related differences in SLPI-concentrations could be 
seen in CAP in paper I. In paper III, we found significantly different expres-
sion of SLPI depending on bacterial etiology in BSI: S. pneumoniae and S. 
aureus were associated with higher SLPI compared to E. coli on day 1-2, 
and 3, and S. aureus also later in the course of the study (day 14 and 28), 
figure 11. 
 
 

 

Figure 11. SLPI concentrations from admission to day 28 related to etiology of 
Bloodstream infection. SLPI was significantly higher in S. aureus compared to E. 
coli etiology on days 1-2 (p<0.01), 3 (p=0.02), 14 (p=0.03) and 28 (p=0.04), and in 
S. pneumoniae compared to E.coli on day 1-2 (p<0.01) and 3 (p<0.01). Reprinted 
with permission from paper III.  
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Severity 
SLPI was not correlated to PSI or CURB-65 in CAP (paper I), but in BSI 
(paper III), day 1-2 SLPI was linearly associated with day 1 ΔSOFA score, 
figure 12. SLPI was significantly increased in sepsis (n=54), compared to 
non-septic BSI (n=55) on day 1-2. ROC analyses showed an AUC of 0.77 
(95 % CI 0.68-0.87) for SLPI on day 1-2 to identify sepsis. 
 

 

Figure 12. Association of SLPI and SOFA.  SLPI on day 1-2 shows linear associa-
tion with day 1 ΔSOFA, here presented on a categorical scale.  
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Sex-related differences in SLPI expression 
In study I we found that SLPI concentrations were significantly higher in 
male (n=45) compared to female (n=43) patients with CAP, which moti-
vated further studies on sex-related differences in SLPI expression in BSI, 
figure 13.  Here, we again found that male patients with pneumonia and 
BSI, hade higher age-, and severity-adjusted mean SLPI compared to fe-
males, a difference not seen in the full BSI cohort. 

 

Figure 13. SLPI in relation to sex and source of infection. In paper I (upper figure), 
male patients with pneumonia (N= 42) had significantly higher mean SLPI concen-
trations compared to female (N= 43) (mean 97 (SD 40) vs. 50 (SD 25) ng/mL). In 
paper II (lower figure) male sex (N = 9) was associated with significantly higher 
mean SLPI concentrations on day 1-2 compared to female sex (N = 17). Bars repre-
sent mean (upper figure), and median (lower figure). Reprinted with permission 
from papers I and III. 
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Association to other biomarkers  
Finally, SLPI was studied in relation to established markers of inflammation 
and markers indicative of immune suppression. In paper I, SLPI was weakly 
correlated to CRP, but not to white blood cell count. On day 1-2 and day 
7 of BSI (III), SLPI was positively correlated to CRP and neutrophil count, 
and negatively to mHLA-DR, figure 14. There was also a negative correla-
tion to lymphocyte count on day 7. 

 

 

Figure 14. Correlations between SLPI and mHLA-DR. Significant negative correla-
tions were found on day 1-2 (A), and day 7 (B). Reprinted with permission from 
paper III. 
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sBTLA 

Sepsis, ICU controls and healthy controls 
In paper II, sBTLA showed higher initial concentrations in septic patients 
compared to patients with other critical illness, and healthy controls, figure 
15. AUC for sBTLA to diagnose sepsis in critically ill patients was 0.63 
(95% CI 0.492-0.76, p= 0.048) 

 

Figure 15. sBTLA in Sepsis, ICU controls and healthy controls at baseline. Soluble 
BTLA was significantly higher in sepsis compared to other critical illness and healthy 
controls. Bars represent the median. Reprinted with permission from paper II. 

Half of septic patients in paper II had a hospital-acquired infection, as com-
pared with the community-onset of BSI in IV. In paper II, the most common 
focus of infection was abdominal (42%), followed by lungs (24%) and uri-
nary tract (UTI) (15%). In paper IV, 27% had a lung or airway infection, 
24 % a UTI, whereas abdominal source was less prevalent (7%). 

We found that sBTLA was associated with age, but only at early assess-
ment-points, and not across all study groups. In paper II, among patients 
with non-septic critical illness, those >65 years had lower plasma concen-
tration than patients <65 at baseline, but this was not seen in septic patients, 
and in paper IV sBTLA was negatively associated with age in BSI on day 1-2. 
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sBTLA and severity 
In paper II, average baseline SOFA score was 10 in septic patients, and 
sBTLA correlated to disease severity (SOFA), with significantly higher con-
centrations in septic shock compared to sepsis (Sepsis-3). In paper IV, aver-
age SOFA was 2, and we found that sBTLA was increased at higher SOFA 
scores (≥4) compared to lower (≤3), but was not a good marker to identify 
sepsis in BSI (AUC 0.54, 95% CI 0.43-0.66). 

sBTLA and mortality 
Mortality at 28 days was 18% in the sepsis cohort of paper II, and 4.6% in 
paper IV. There was no linear association to an increased risk of 28-day 
mortality for baseline sBTLA in paper II, but high sBTLA, defined as the 
67th percentile of sBTLA concentrations among sepsis patients, was associ-
ated with a nearly 5-fold increased risk of 28-day mortality relative to low 
sBTLA (defined as the 33rd percentile) in the adjusted analysis. The time-
varying Cox-regression showed a stronger association for sBTLA to early 
mortality, indicating that that the dynamic expression of sBTLA is an im-
portant factor for the association. In paper IV, sBTLA on day 1-2 and day 
7 was associated with 90-day and 1-year mortality, and the strongest asso-
ciation was found for the failure to normalize BTLA by day 7, figure 16.  

Figure 16. Survival curves for sBTLA. Paper II: Severe sepsis and septic shock (left 
figure). High sBTLA (≥21 ng/mL) at baseline, was associated with increased risk of 
28-day mortality, compared to low concentrations (≤9 ng/mL). Paper IV: 
Bloostream infection (right figure). Failure to normalize sBTLA by day 7 (red line) 
was associated with increased risk of 1-year mortality. Reprinted with permission. 
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Association to other biomarkers 
Baseline sBTLA concentrations were not correlated to CRP and white blood 
cell count in paper II. In paper IV, biomarkers on all time-points of assess-
ment were included in the analyses, which showed that sBTLA was associ-
ated with CRP and decreased lymphocyte count, figure 17. sBTLA was not 
associated with SLPI (non-published results). 
 

 

Figure 17. Associations for sBTLA and other markers in BSI (IV). There was a sig-
nificant overall positive association to CRP, p<0.01 (A) and a significant overall 
negative association to lymphocyte count, p<0.01 (B). Reprinted with permission. 
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Ethical considerations 
Ethical approval was achieved for the three studies included in this thesis. 
Written informed consent was obtained from patients, or, if unable to sign, 
from a relative. Results are presented on a group level to prevent breaches 
of privacy. 

To allow for biomarker analysis at baseline, the “Dynamics of sepsis” 
study (study population in papers III and IV) had ethical approval to retrieve 
an initial blood sample on hospital admission, without informed consent. 
This sample was drawn in tandem with venipuncture for blood culture, 
therefore not inflicting extra discomfort on the patient. If the patient was 
not enrolled in the study, the sample was saved without other identification 
information than age and bacterial agent. 
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Discussion 
The major findings in this thesis are divergent expression of SLPI related to 
etiology of infection (source and pathogen), and that sBTLA is associated 
with mortality. Additionally, both SLPI and sBTLA showed association to 
severity, and markers indicative of immune suppression in sepsis. Notably 
sBTLA and SLPI were not associated. 

We found that plasma SLPI was higher in pneumonia than in non-in-
fected controls, and compared to other sources of infection. This is in line 
with two previous studies [167, 193]. Contrary to our findings in CAP, one 
study found that bacteremia increased SLPI significantly, and that SLPI con-
centrations correlated to the extent of lung tissue involved [167]. Pneumo-
nia is the most common site of infection in ICU-treated sepsis and is associ-
ated with worse outcome, which highlights the importance of additional 
clarification of the underlying immunopathology [31, 194]. Few studies 
have compared immunological markers in different septic etiology, however 
a recent study of ICU-treated sepsis, showed that pneumonia was associated 
with failure to recover mHLA-DR expression compared to UTI and ab-
dominal focus [194]. In paper I, we found that BPI was statistically signifi-
cantly increased in CAP compared to HC, while LL-37 and HNP 1-3 were 
not.  Both BPI and α-defensins have been shown to be increased in sepsis, 
and BPI correlates with severity [195, 196]. Results on LL-37 in sepsis are 
divergent, both no difference in serum levels compared to HC, and an asso-
ciation with severity, have been reported [195, 197]. In line with our find-
ings in paper I, another study found that LL-37 was not statistically signif-
icantly increased in pneumonia compared to HC [198]. 

Interestingly, we found that men with pneumonia had higher SLPI con-
centrations compared to women, in both CAP and BSI. The significance of 
this is uncertain. Male sex is not a clear risk factor for short-term mortality 
in pneumonia [199].  

In addition to the source-related difference, we found that S. aureus and 
S. pneumoniae BSI were associated with higher mean SLPI compared to E. 
coli etiology, at early time-points for S. pneumoniae, and at both early and 
late time-points for S. aureus. S. pneumonia, S. aureus, and E. coli etiology 
were shown to have similar odds-ratios for mortality, in ICU-treated sepsis 
[31]. Apart from epidemiological data, there are sparse reports on differ-
ences related to individual pathogens in sepsis. Instead, etiology is often di-
vided into gram-negative and gram-positive. While some virulence factors 
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are common, e.g. LPS in gram-negatives, others differ depending on the spe-
cific organism, e.g. superantigen production by S. aureus and S. pyogenes 
[200]. Moreover, host-recognition pathways differ as described in the intro-
duction. Experimentally, the most widely used sepsis-model is cecal ligation 
and puncture, which induces a polymicrobial abdominal sepsis, but clini-
cally, gram-positive organisms account for almost half of positive cultures 
is sepsis [31, 201]. This may partly account for disparate results in experi-
mental and clinical sepsis studies. Studies that investigate host responses in 
relation to sepsis etiology are hence motivated. 

SLPI concentrations were linearly associated with SOFA score, and 
higher in sepsis compared to non-septic BSI. A small study of surgical ICU 
patients showed that SLPI was correlated to multi organ dysfunction score 
[150]. Blood levels of SLPI were also recently shown to be elevated in acute 
kidney failure, and in acetaminophen-induced acute liver failure [168, 169]. 
One theory is that circulating SLPI originates from spill-over from inflamed 
lung epithelium in pneumonia, however, SLPI is secreted by many epithelial 
cells in inflammation, and is present in the secondary granules of neutro-
phils [147, 150, 167]. In acetaminophen-induced acute liver failure, sub-
analysis of patients who underwent liver transplantation, showed higher 
SLPI levels in the hepatic vein compared to the portal vein, and increased 
SLPI expression in biliary epithelial cells, and macrophages of necrotic liver 
areas [169]. An extrapolation to these findings, is that circulating SLPI 
might reflect both the amount of epithelial affection (i.e. high in pneumo-
nia), and the extent of organ failure, indicated by SOFA score. Possibly, S. 
pneumoniae and S. aureus BSI is associated with more epithelial affection 
than E. coli in the context of UTI, the dominant source of E. coli bacteremia 
in our study. Studies in another context, with other sources of E. coli bac-
teremia, e.g. abdominal infections, might produce different results.  

Plasma concentrations of the previously non-studied protein sBTLA were 
higher in severe sepsis and septic shock, compared to other critical illness, 
and controls. These findings were repeated in another study of critically ill 
patients, in which sBTLA was shown to have even better predictability of 
sepsis at baseline (AUC 0.76, compared to 0.63 in our study) [185]. In line 
with these results, we also found increased sBTLA in patients with BSI, and 
here sBTLA remained elevated compared to controls after 4 weeks.  

We found that sPD-1 was decreased in severe sepsis and septic shock 
compared to controls, and was not associated with mortality, while sCTLA-
4 was low or undetectable. Disparate findings regarding sPD-1 were re-
cently presented, where sPD-1 was shown to correlate to sepsis severity, and 
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to have high predictive capacity for early mortality in ICU-treated patients 
[202]. Differences in methodology and patient selection might account for 
the divergent results. Soluble CTLA-4 has been shown to be increased in 
several autoimmune diseases, and to be a favorable marker in advanced 
melanoma [203, 204]. 

As a severity marker, sBTLA was weighted towards more severe disease. 
It was significantly elevated in septic shock compared to sepsis (Sepsis-3 
definitions), but could not discriminate sepsis from non-septic BSI. There 
are no studies for reference regarding soluble BTLA in sepsis, but one study 
on membrane-expression of BTLA on CD4+ cells showed a gradually de-
creasing percentage of cells expressing BTLA, with increasing sepsis severity 
[182]. Two other studies on BTLA expression on CD4+ isolated from septic 
patients showed no difference, and increased expression respectively [96, 
181]. It was shown, that in mice, sBTLA originates from an alternative 
mRNA splice product that is produced to a greater degree in critical illness 
[185]. This could account for the deviant findings regarding soluble and 
membrane-associated BTLA in sepsis. 

In BSI patients, we found that sBTLA was associated with decreased lym-
phocyte count, and that SLPI correlated to reduced mHLA-DR, on day 1-2 
and day 7, which suggests that sBTLA and SLPI may be linked to separate 
aspects of immune dysfunction. Lymphocyte count and mHLA-DR are 
commonly used surrogate markers for immune suppression in sepsis trials, 
but are not used in clinical practice [107]. Lowered circulating lymphocyte 
count is a typical finding in the early sepsis phase, and is inferior to both 
CRP and procalcitonin in detecting sepsis in a critical care setting [205]. 
Persistent lymphopenia was however shown to be associated with increased 
28-day mortality in bacteremic sepsis [129]. Monocytic HLA-DR expres-
sion is a well-studied marker of sepsis-associated immunosuppression. The 
trajectory on mHLA-DR in sepsis associates with secondary infections and 
mortality, and increased mHLA-DR over time indicates recovery [194].  

sBTLA was associated with mortality in both ICU-treated septic patients, 
and in BSI. In the former group we found that high baseline sBTLA concen-
trations were associated with an almost five times increased risk of 28-day 
mortality, compared to low concentrations. We found a time-varying asso-
ciation, indicating that the change of sBTLA over the week-long study pe-
riod was of importance. In BSI, we found associations to mortality at 90 
days and 1 year, for sBTLA measured already at baseline. In line with the 
time-varying association seen in paper II, we however saw the strongest as-
sociation to mortality in patients who failed to normalize sBTLA on day 7.  
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The applicability of soluble co-regulatory proteins as prognostic biomarkers 
in cancer has been addressed in three recent studies, out of which two high-
lighted the significance of high sBTLA [206-208].  

The cause of delayed deaths after sepsis is multifactorial. Age and pre-
existing comorbid conditions, may contribute, but the septic episode itself 
accounts for a significant increased mortality up to two years afterwards 
[14]. Reasons to this may be persisting organ dysfunction, and unresolved 
immune responses. In addition to mortality, sepsis is associated with an in-
creased risk of functional impairment [209]. Two recent studies followed 
sepsis survivors up to one year, and found signs of persistent immune dis-
turbances [210, 211]. 

One limitation of this thesis is the missed samples over time. Reasons 
were; missed sampling, death, transfer to other ICU’s and medical/surgical 
wards (paper II), with a risk of missing out both the ones who were most 
ill, and those who recovered quickly. In papers III and IV, there was a larger 
proportion of missed samples, due to the working schedules of study nurses, 
and failure of patients to attend follow-up visits. This could cause selection 
bias by the mechanisms described above. Missing data analyses showed that 
patients who provided fewer samples in papers III and IV, were older, and 
we tried to account for this by adjusting for age in between-group compar-
isons. Another limitation is the relatively small sizes of the study groups, 
and the unmatched control group of studies II-IV. 

Many sepsis studies focus on ICU-treated patients, but we here show a 
consistency in findings across study groups of varying degrees of severity. 
Another strength is that our results regarding sBTLA in critical illness were 
reproduced in another study. In support of the validity of our findings, are 
also the succeeding reports that sBTLA is associated with mortality in can-
cer.  

This thesis suggests sBTLA as a possible prognostic tool in sepsis. Asso-
ciations of SLPI with decreased mHLA-DR, and sBTLA with decreased lym-
phocyte count, suggests that these proteins may be involved in sepsis-asso-
ciated immune suppression. The new immune-boosting adjuvant treatments 
in sepsis come at the price of immune-related side effects, which underscores 
the necessity to find reliable immunological markers that can identify suit-
able subjects. I propose that sBTLA and SLPI should be further evaluated 
in the context of immune profiling, and that the pathobiological role of the 
candidate biomarker sBTLA, and its utility as a prognostic marker, war-
rants further investigation. 
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Conclusions 
 

• SLPI concentrations were increased in CAP, but did not correlate 
to severity, or to bacterial etiology. An interesting finding was that 
SLPI concentrations were higher in men compared to women with 
CAP. 

 
• SLPI was increased in pneumonia compared to other sources of in-

fection in BSI, and was increased in S. pneumoniae, and S. aureus 
BSI compared to E. coli BSI. SLPI correlated to disease severity, to 
neutrophil count and CRP, and to decreased mHLA-DR expres-
sion. Again, we found that SLPI was higher in men than in women 
with pneumonia. 

 
• Soluble BTLA was increased in sepsis, compared to other critical 

illness, and was associated with severity. Soluble BTLA showed a 
time-varying association to mortality, but high sBTLA measured 
already at baseline was associated with increased risk of death be-
fore 28 days in patients with sepsis. 

 
• In BSI, sBTLA remained elevated compared to controls four weeks 

after hospital admission. Soluble BTLA was increased in more se-
vere disease, and was associated with late mortality (90 days and 1 
year). The association with mortality was particularly notable for 
sustained sBTLA concentrations above normal on day 7. Finally, 
sBTLA was associated with CRP and decreased lymphocyte count. 
Soluble BTLA was not associated with bacterial etiology. 
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Future perspectives 
There are major gaps in the knowledge of the timeline of the immunological 
events in sepsis. There is compelling evidence that immune suppression con-
tribute to the pathobiology of sepsis, but it remains to be clarified whether 
it is attributable to sepsis itself, or to factors present prior to the septic epi-
sode.  

The best way to answer the first question, would be via a prospective 
cohort study that follows patients with increased risk to develop sepsis, for 
example persons over a certain age, with repeated sampling, to follow im-
munological markers over several years. This would be very resource inten-
sive, and require multiple participating centers.  

A middle way to address the chicken-or-the-egg enigma could be to focus 
on a specific patient group at risk for infective complications, e.g. patients 
who are subject to elective surgery, e.g. arthroplasty of the hip or knee. A 
blood sample taken at pre-operative assessment could be followed by sam-
pling directly after surgery, before discharge from hospital, and at follow-
up visits to nurse, physiotherapy or physician. Immunological markers, e.g. 
sBTLA, could then be studied in relation to subsequent infectious events.  

A feasible approach to study the dynamics of sBTLA in relation to the 
clinical trajectory, is of course to start at the event, i.e. to follow patients 
admitted to the ICU due to sepsis and other critical conditions, during the 
ICU and hospital stay, and afterwards. A suitable schedule for blood sam-
ples would be day 0, 4, and 7 of hospital stay, and follow up at 1, 3, 6 and 
12 months.  

In addition to sBTLA, it would be interesting to study other soluble co-
regulatory proteins that might be involved in the sepsis-related immuno-
pathology. There are multiplex immunoassay systems that allow simultane-
ous assessment of several soluble proteins, which minimizes the amount of 
sample needed, and requires little manpower. The quest to find adjuvant 
therapies that boost the immune system has just started, but to continue in 
the right direction, it is crucial to increase knowledge on the interconnect-
edness of the immunological markers we measure. A major question for 
sBTLA is how it participate in the complex HVEM signaling network, and 
if it contributes to septic morbidity, or is merely a marker of disturbed ho-
meostasis. This needs studies at a cellular and molecular level that I do not 
have sufficient knowledge to discuss, but hopefully the findings regarding 
sBTLA that we, and others have made in sepsis and cancer, will motivate 
such mechanistic studies. 
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 Serine proteases inhibitors, including SLPI, have implications in many 
diseases, e.g. cancer, autoimmune disorder, inflammatory and infectious 
lung disease, and viral infection. The last role is a topic of particular interest, 
in light of the ongoing COVID-19 pandemic. Cellular entry of corona-
viruses is dependent on priming of a viral surface (Spike) protein by host 
cell proteases, and for Sars-Cov-2 it was just recently shown to be mediated 
by Cathepsin B and L, and the protease transmembrane protease serine 2 
(TMPRSS2) [212]. That study showed that Sars-Cov-2 entry could be 
blocked by addition of an inhibitor of TMPRSS2, i.e. a protease inhibitor. 
It was previously shown that SLPI might be involved in protection against 
influenza A virus infection via inhibition of TMPRSS2, and that disrupted 
protease-antiprotease balance could increase infectivity [213]. It would be 
highly interesting to investigate how SLPI participates in Sars-Cov-2 protec-
tion, and if disturbed SLPI-secretion is associated with more severe COVID-
19 disease. 

 
 
  
 
 

  



62 
 

ANNA LANGE  SLPI and soluble BTLA as immunological markers  
 

Sammanfattning på svenska 
Svårighetsgrad och prognos vid infektioner beror på en samverkan mellan 
värdfaktorer (ålder och grundsjukdomar), infektionens lokalisation och or-
sakande organism. I ett optimalt immunsvar begränsas infektionen till det 
infekterade organet och frisk vävnad skyddas från skadliga effekter av in-
flammation. Vid sepsis ser man en spridd inflammationsreaktion, med kon-
sekvenser i form av organpåverkan och ibland blodtrycksfall med chock. 
Samtidig aktivering av reglerande immunologiska mekanismer kan, om de 
blir för starka, medföra en försvagning av immunförsvaret som gör det svårt 
att läka ut den aktuella infektionen och öka risken för nya, så kallat oppor-
tunistiska infektioner. Den kortsiktiga överlevnaden vid sepsis har förbätt-
rats, men senare års forskning har visat på ökad sjuklighet och dödlighet på 
sikt och kvarstående störningar i immunförsvaret misstänks bidra till detta. 

Syftet med denna avhandling var att studera hur de lösliga proteinerna 
Secretory Leukocyte protease Inhibitor (SLPI) och B and T Lymphocyte At-
tenuator (sBTLA) uttrycks i blodcirkulationen vid svåra infektioner och sep-
sis. SLPI utsöndras av celler i kroppens slemhinnor och bildas också inuti 
vita blodkroppar. Som namnet anger, är SLPI en hämmare av proteaser 
(proteinnedbrytande ämnen) som frisätts av vita blodkroppar vid in-
flammation. SLPI har också en bakteriedödande effekt och är intressant ur 
ett immunreglerande perspektiv, då det motverkar bildningen av ämnen 
som driver på inflammationsreaktionen vid infektioner. BTLA uttrycks på 
immuncellernas yta och är närbesläktad med de så kallade checkpoint-re-
ceptorerna Programmed death-1 (PD-1) och Cytotoxic T lymphocyte-asso-
ciated Antigen 4 (CTLA-4), som har fått stor betydelse som angreppspunk-
ter vid cancer-immunterapi. Checkpoint-receptorer hämmar lymfocyternas 
aktiveringsgrad och tros också vara inblandade i den immunförsvagning 
som kan ske vid sepsis. De lösliga formerna av PD-1 och CTLA-4 har dock 
inte tidigare studerats vid sepsis och sBTLA varken vid sepsis, eller andra 
tillstånd. 

I avhandlingsarbetet har jag studerat plasmakoncentrationen av SLPI- 
och sBTLA i förhållande till infektionslokal, orsakande bakterie, svårighets-
grad mätt som organsvikt och mortalitet (dödlighet), samt relationen till 
andra immunmarkörer. 

  I avhandlingens delarbete I och III visades att SLPI-koncentrationen var 
högre vid lunginflammation (pneumoni), än vid andra infektionslokaler och 
att pneumokock- och Staphylococcus aureus -bakteriemi (växt i blodet) var 
förknippade med högre SLPI-nivåer än Escherichia Coli -bakteriemi. Vidare 
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sågs högre SLPI-nivåer vid sepsis än vid bakteriemi utan sepsis och att män 
med pneumoni, med eller utan bakteriemi, hade högre nivåer av SLPI än 
kvinnor.  

I delarbete II och IV visades att sBTLA-koncentrationen var associerad 
till graden av organsvikt och var högre vid sepsis, än vid icke-infektiös kri-
tisk sjukdom. Höga sBTLA-nivåer var kopplade till ökad risk för tidig (28 
dagar) död hos intensivvårdade sepsispatienter och till sena dödsfall (90 da-
gar och 1 år) hos patienter med bakteriemi, särskilt hos de som inte hade 
normaliserat sina sBTLA-nivåer dag 7 efter inläggning på sjukhus. 

 Slutligen fann vi att både SLPI och sBTLA samvarierade med markörer 
tydande på försvagning av immunförsvaret, SLPI i förhållande till en anti-
genpresenterande molekyl på monocyter, HLA-DR och sBTLA i förhål-
lande till lymfocytnivån. 

Sammanfattningsvis visar denna avhandling en association mellan SLPI 
respektive sBTLA och svårighetsgrad vid sepsis och bakteriemi, samt en in-
tressant koppling till kända indikatorer för ett försvagat immunförsvar vid 
sepsis. SLPI-uttrycket skiljer sig åt beroende på infektionslokal och orsak-
ande bakterie, medan sBTLA är associerat till ökad risk för död. Forskning 
kring immunterapi vid försvagat immunförsvar vid sepsis pågår, men verk-
tygen att identifiera lämpliga kandidater är trubbiga. Fynden i denna av-
handling motiverar närmare studier avseende om SLPI och sBTLA skulle 
kunna vara användbara i detta sammanhang. 
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