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Jämsä, Joel, Flow cytometric analysis of leukocyte surface molecule expression in
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University of Oulu Graduate School; University of Oulu, Faculty of Medicine; Medical
Research Center Oulu; Oulu University Hospital
Acta Univ. Oul. D 1417, 2017
University of Oulu, P.O. Box 8000, FI-90014 University of Oulu, Finland

Abstract

Sepsis is a common problem in the intensive care unit (ICU) still having a high mortality and
causing high costs to health care system. Currently, there is no marker to distinguish sepsis from
other causes of systemic inflammation. Leukocyte surface molecules have been proposed as
markers of sepsis. The most promising markers have been neutrophil CD64 and CD11b on
monocytes and neutrophils and HLA-DR on monocytes.

In this thesis, leukocyte surface molecules were investigated using quantitative flow cytometry
in critically ill patients with sepsis, non-septic ICU controls, and healthy volunteers. The surface
molecules of interest were neutrophil CD11b and CD64, monocyte CD11b, CD14, CD40, CD64,
CD80, HLA-DR, and lymphocyte CD69. First, a special emphasize was indicated in
methodological aspects of the quantitative flow cytometry. Then, the surface molecule kinetics
was investigated in different types of critically ill patients. Finally, the diagnostic performance of
the molecules was determined and compared to that of traditionally used sepsis markers.
Furthermore, an example of multiple marker analysis was introduced as a diagnostic tool.

The optimal circumstances for leukocyte surface molecule analysis were +4°C temperature
throughout the collection and preparation of the samples using tubes containing acid citrate
dextrose (ACD) as an anticoagulant, followed by flow cytometry within 6 hours from sampling.
Monocyte CD11b and CD40, neutrophil CD11b and CD64, and CD69 on CD4+ T cells and
natural killer (NK) cells separated sepsis from non-septic ICU controls and healthy volunteers,
neutrophil CD64, having the best area under curve. Procalcitonin (PCT) was second best marker.
Monocyte CD40 and NK CD69 may predict positive blood culture detection, whereas CD11b may
predict early mortality. In multiple marker analysis, combination of positive neutrophil CD64, C-
reactive protein (CRP) and PCT increased post-test probability for sepsis.

In conclusion, pre-analytical and analytical factors have effects on results of leukocyte surface
molecule analysis. Leukocyte surface molecules may improve sepsis diagnostics in ICU setting.
Neutrophil CD64 was the most promising marker. Combination of CD64, CRP and PCT increased
the detection of sepsis in ICU.

Keywords: C-reactive protein, CD antigens, flow cytometry, intensive care, laboratory
tests, leukocytes, lymphocytes, monocytes, neutrophils, procalcitonin, sepsis, systemic
inflammation
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Tiivistelmä

Sepsis on yleinen tehohoidon ongelma, johon liittyy korkea kuolleisuus ja suuret hoidolliset kus-
tannukset. Toistaiseksi ei ole laboratoriomerkkiainetta, joka erottaisi sepsistä sairastavat muista
kriittisesti sairaista, joilla on yleistynyt tulehdusvaste. Valkosolujen pintamolekyylien käyttöä
sepsiksen laboratoriomerkkiaineena on tutkittu. Lupaavimmat näistä molekyyleistä ovat olleet
neutrofiilien CD64, monosyyttien ja neutrofiilien CD11b ja monosyyttien HLA-DR.

Tässä väitöskirjassa tutkittiin valkosolujen pintamolekyylejä kriittisesti sairailla sepsistä sai-
rastavilla potilailla, niillä tehohoitopotilailla, joilla ei ollut sepsistä, ja terveillä vapaaehtoisilla
virtaussytometriaa käyttäen. Mielenkiinnon kohteina olivat neutrofiilien CD11b ja CD64, mono-
syyttien CD11b, CD14, CD40, CD64, CD80 ja HLA-DR, sekä lymfosyyttien CD69. Ensimmäi-
seksi tutkittiin kvantitatiivista virtaussytometriaa menetelmänä. Sen jälkeen pintamolekyylien
kinetiikkaa tutkittiin eri potilasryhmillä. Lopuksi määritettiin pintamolekyylien diagnostinen
tehokkuus ja sitä verrattiin perinteisempiin sepsiksen diagnostiikassa käytettyihin laboratorio-
merkkiaineisiin. Lisäksi selvitettiin usean merkkiaineen mallin diagnostista osuvuutta.

Parhaat olosuhteet virtaussytometrialle olivat: +4 °C:n lämpötila näytteenoton ja -käsittelyn
aikana, näytteiden ottaminen putkiin, joissa on antikoagulanttina hapan sitraatti-dekstroosi
(ACD) ja näytteiden analysointi kuuden tunnin kuluessa näytteenotosta. Monosyyttien CD11b ja
CD40, neutrofiilien CD11b ja CD64 sekä CD4+ T-solujen ja NK-solujen CD69 erottivat sepsis-
tä sairastavat tehohoitoverrokeista ja terveistä. Neutrofiilien CD64:llä oli paras erottelukyky.
Prokalsitoniini (PCT) oli toiseksi paras merkkiaine. Monosyyttien CD40 ja NK-solujen CD69
voivat parantaa positiivisen veriviljelylöydöksen havaitsemista, kun taas CD11b voi ennustaa
varhaista potilaan menehtymistä. Usean merkkiaineen mallissa neutrofiilien CD64 paransi C-
reaktiivisen proteiinin (CRP) ja PCT:n tehoa sepsiksen diagnostiikassa.

Loppupäätelmänä on, että valkosolujen pintamolekyylien analysointivaiheen eri muuttujilla
on vaikutusta virtaussytometriatuloksiin. Valkosolujen pintamolekyylien käyttö voi parantaa
sepsiksen diagnostiikkaa teho-osastolla. Neutrofiilien CD64 oli lupaavin merkkiaine. Neutrofii-
lien CD64:n, CRP:n ja PCT:n yhdistelmä paransi sepsiksen diagnostiikkaa teho-osastolla.

Asiasanat: C-reaktiivinen proteiini, CD antigeenit, laboratoriomerkkiaineet,
lymfosyytit, monosyytit, neutrofiilit, prokalsitoniini, sepsis, tehohoito, valkosolut,
virtaussytometria, yleistynyt tulehdusvaste
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1 Introduction 

Sepsis is a life-threatening organ dysfunction caused by a dysregulated host 

response to infection (Singer et al., 2016). Septic shock is a subset of sepsis 

identified by a vasopressor requirement to maintain a mean arterial blood pressure 

of 65 mmHg or greater and serum lactate level higher than 2 mmol/L in the absence 

of hypovolemia (Singer et al., 2016). In a nationwide study in Finland, the 

incidence of sepsis treated in intensive care unit (ICU) in adults was 0.38/1000 per 

year with 77% of patients having septic shock (Karlsson et al., 2007). Usually the 

infection was of pulmonary (43%), intra-abdominal (32%) or skin or soft tissue 

(10%) origin (Karlsson et al., 2007). The incidence of sepsis seems to be increasing 

(Angus & van der Poll, 2013; Dombrovskiy, Martin, Sunderram, & Paz, 2007). The 

incidence of sepsis has also increased 1.5-fold in the Finnish ICUs over the past six 

years (Karlsson et al., 2007; Poukkanen et al., 2013). Reasons for this increase 

include aging of the population, increasing proportion of population with chronic 

health problems and immunosuppressive therapy, organ transplantation, 

chemotherapy, and ever more invasive procedures as well as better recognition of 

sepsis (Mayr, Yende, & Angus, 2014).  

The mortality of the disease remains high: in Finland, the one-year mortality 

of sepsis was 40.9% (Karlsson et al., 2007). In a large observational study from 

Australia and New Zealand the absolute hospital mortality of sepsis has decreased 

from 35% to 18% from 2000 to 2012, probably due to improvement in the treatment 

of critically ill in general (Kaukonen, Bailey, Suzuki, Pilcher, & Bellomo, 2014). 

In a Finnish series during years 2011 to 2012 the 90-day mortality rate was 38% in 

sepsis with acute kidney injury (AKI) and 25% without AKI (Poukkanen et al., 

2013). Even survivors from sepsis encounter many long-term problems, including 

muscle weakness and cognitive problems (Griffiths & Hall, 2010; Iwashyna, Ely, 

Smith, & Langa, 2010). The early identification and rapid beginning of treatment, 

e.g. antimicrobials, is crucial to the prognosis of the disease improving survival (A. 

Kumar et al., 2006; Varpula, Karlsson et al., 2007).  

The sepsis diagnosis is traditionally based on suspicion of infection with signs 

of systemic inflammation (Bone et al., 1992). However, the systemic inflammatory 

response syndrome (SIRS, see appendices) is not specific for infection, but other 

causes, including major trauma and surgery, may cause similar host response (Fry, 

2012). Furthermore, SIRS criteria has recently shown to exclude one in eight sepsis 

patients (Kaukonen, Bailey, Pilcher, Cooper, & Bellomo, 2015). Thus, recently, the 

sepsis diagnosis has been modified to include suspicion of infection with signs of 
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organ dysfunction identified by sequential organ failure assessment (SOFA, see 

appendices) score with no requirements of the SIRS criteria, but the diagnosis is 

still mainly clinical (Singer et al., 2016). The positive blood culture is not required 

for sepsis diagnosis, but mortality of the disease has been reported to be higher 

among those sepsis patients with a positive blood culture (Yebenes et al., 2017). 

The ability of biomarkers to separate the acute inflammatory response of sepsis 

from other causes of systemic inflammation has not been shown (Dellinger et al., 

2013). The common biomarkers used in sepsis diagnostics include C-reactive 

protein (CRP) and procalcitonin (PCT) (Faix, 2013). Their sensitivity and 

specificity for sepsis, however, remain limited (Faix, 2013). All biomarkers are also 

released after non-infectious inflammatory conditions (Bloos & Reinhart, 2014).  

To improve the identification of sepsis, investigations of new laboratory 

markers are important. In sepsis, the inflammation includes recruitment of white 

blood cells, which characteristics can be investigated by measuring leukocyte 

surface proteins using flow cytometry, and thus, leukocyte surface markers may 

provide improved diagnostic tools for the disease (Rimmele et al., 2016; Venet, 

Lepape, & Monneret, 2011). The purpose of this study was to investigate whether 

leukocyte surface molecules could serve as markers of sepsis. Furthermore, the 

diagnostic accuracy was compared to that of CRP and PCT, widely used markers 

for infection. 
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2 Review of the literature  

2.1 Basic background of immunity and inflammation  

The immune system is a complicated combination of leukocytes, cell mediators, 

and other barriers, which activate in various threads against the body, including, 

infection, trauma, inflammatory diseases and cancer (Janeway & Medzhitov, 2002). 

Immune reactions involve the recruitment of immune cells (Figure 1) and the 

release of cytokines (Table 1) (Janeway & Medzhitov, 2002). The immune system 

is divided into innate and adaptive immunity. Innate immunity includes the natural 

barriers of the human body, such as skin and other epithelia, as well as immune 

cells including monocytes, neutrophils and natural killer (NK) cells equipped with 

limited resources of recognition tools, such as Toll-like receptors (TLRs); while 

adaptive immunity includes lymphocytes, and provides more targeted reactions 

against the thread (Janeway & Medzhitov, 2002). 

2.2 Danger signals 

In bacterial infections, invading pathogens and their products may enter circulation. 

These alien particles are called pathogen-associated molecular patterns (PAMPs), 

and they include e.g. lipopolysaccharide (LPS) on the gram negative bacteria, 

peptidoglycan and lipopetides (Mayadas, Cullere, & Lowell, 2014; Wiersinga, 

Leopold, Cranendonk, & van der Poll, 2014). Besides PAMPs, danger signals from 

the host may trigger the immune reaction. These signals are called alarmins or 

danger-associated molecular patterns (DAMPs), which include e.g. heat shock 

proteins (HSPs), and are released in inflammation including burns and trauma 

(Wiersinga et al., 2014). 
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Table 1. Some pro-inflammatory and anti-inflammatory cytokines and their functions. 

Cytokine Examples of function Reference 

Pro-inflammatory   

G-CSF Neutrophil survival Mayadas et al., 2014 

GM-CSF Neutrophil survival V. Kumar & Sharma, 2010 

HMGB-1 Inflammation triggering Cinel & Opal, 2009 

IFN-γ Macrophage activation V. Kumar & Sharma, 2010 

IL-1α Cytokine production ↑ Kang JW, Kim SJ, Cho HI, & Lee SM, 

2015 

IL-1β Cytokine production ↑ Kang JW et al., 2015 

IL-6 Acute phase response induction V. Kumar & Sharma, 2010 

IL-8 Macrophage activation V. Kumar & Sharma, 2010 

IL-12 Neutrophil survival, autoimmunity  V. Kumar & Sharma, 2010 

IL-17 IL-1β, IL-6, TNF-α ↑ Wiersinga et al., 2014 

IL-21 B-cell activation Mayadas et al., 2014 

IL-33 Cytokine production ↑ Kang JW et al., 2015 

MIF TLR4, Cytokine production ↑ Cinel & Opal, 2009 

MIP-1α Monocyte and NK cell activation V. Kumar & Sharma, 2010 

MIP-1β Monocyte and NK cell activation V. Kumar & Sharma, 2010 

TNF-α Cytokine production ↑ Wiersinga et al., 2014 

Anti-inflammatory   

IL-4 TNF-α, IL-12 ↓ Kaplanski, Marin, Montero-Julian, 

antovani, & Farnarier, 2003 

IL-10 Cytokine production ↓ Adib-Conquy & Cavaillon, 2009 

IL-13 CD8 T cell inhibition V. Kumar & Sharma, 2010 

TGF-β Cytokine production ↓ Adib-Conquy & Cavaillon, 2009 
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2.3 Role of leukocytes in inflammation 

Leukocytes or white blood cells, the key players of the immune system, are divided 

into myeloid cells, which are mainly the cells of innate immunity, and lymphoid 

cells, which are mainly the cells of adaptive immunity (Figure 1) (Laiosa, Stadtfeld, 

& Graf, 2006). 

Fig. 1. A simplified graph of leukocyte evolution (Auffray, Sieweke, & Geissmann, 2009; 

Laiosa et al., 2006). 

2.3.1 Myeloid cells 

Neutrophils 

Neutrophils evolve from common myeloid progenitor cells, (Figure 1) granulocyte 

colony-stimulating factor (G-CSF) being one of the principal cytokine for their 

maturation (Mayadas et al., 2014). Neutrophils comprise 50% to 70% of migrating 

blood cells with production of up to 1012 cells per day in bacterial infections 

(Mayadas et al., 2014). Neutrophils are first line phagocytes, which rapidly migrate 

to the site of infection, kill microbes, and give signals to other immune cells (V. 

Kumar & Sharma, 2010). 
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Neutrophils recognize circulating PAMPs and DAMPs using different 

receptors including pattern recognizing receptors (PRRs) e.g. TLRs, opsonic 

receptors e.g. immunoglobulin (Ig) G-receptors, and G-protein coupled receptors 

(GPCRs) (Mayadas et al., 2014; Wiersinga et al., 2014). Pathogen phagocytosis is 

dependent on opsonic receptors (Mayadas et al., 2014). Opsonized particles are 

taken into the phagocytic vacuole and further fused with granules to make a 

phagosome (Mayadas et al., 2014). Neutrophils are antimicrobially active, and their 

released cytotoxic granules contain e.g. cationic peptides and myeloperoxidase (V. 

Kumar & Sharma, 2010). They also use their released intracellular material, 

including chromatin, granular and cytoplasmic proteins, to form neutrophil 

extracellular traps (NETs) to decrease bacterial virulence and kill bacteria (V. 

Kumar & Sharma, 2010; Mayadas et al., 2014). 

Monocytes  

Common myeloid progenitor cells from bone marrow evolve into monocytes 

(Figure 1) with stimulation from various cytokines and chemokines e.g. colony-

stimulating factor (CSF)-1 (Auffray et al., 2009). They migrate in blood 

representing 10% of the white blood cells, and can further invade into tissue where 

they transform into tissue-specific phagocytes, including macrophages and 

dendritic cells (Auffray et al., 2009; Serbina, Jia, Hohl, & Pamer, 2008). Based on 

their expression of cluster of differentiation (CD) 14 and CD16, monocytes are 

divided into two (CD14++CD16-, CD14+CD16+) (Ingersoll, Platt, Potteaux, & 

Randolph, 2011) or three (CD14+CD16-, CD14+CD16+ and CD14lowCD16+) 

(Auffray et al., 2009) groups. Monocytes are phagocytic cells and they participate 

in antimicrobial defense (Auffray et al., 2009; Ingersoll et al., 2011). They also 

have role in other inflammatory diseases, including atherosclerosis, in which they 

accumulate into activated endothelium to take part in forming atheromatous 

plaques (Auffray et al., 2009; Ingersoll et al., 2011). They also phagocyte 

erythrocytes, dead cells and cell debris (M. T. Silva, 2010). 

In infection, monocytes use their arsenal of receptors including scavenger, 

integrin, Ig superfamily, and TLRs to identify e.g. lipids and micro-organisms, 

which results in phagocytosis, antigen presentation and cytotoxicity (Taylor et al., 

2005). Monocytes invade into the site of infection usually after neutrophils and 

remain there for several days, CD14+CD16- monocytes being more inflammatory 

active, while CD16+ monocytes tend to reside in blood vessel walls and accumulate 

in non-inflamed tissues (Ingersoll et al., 2011). 
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2.3.2 Lymphoid cells 

T lymphocytes 

T lymphocytes evolve from common lymphoid progenitor cells, first in bone 

marrow, with further evolution taking place in the thymus through negative and 

positive selection (Figure 1) (Laiosa et al., 2006). T lymphocytes are traditionally 

divided into two sub-groups based on their function and expression of CD antigen 

4 or 8. CD4+ T cells are further called T helper (Th) cells and CD8+ T cells are 

called cytotoxic T cells (Joshi & Kaech, 2008; Zhu & Paul, 2008). 

CD8+ T cells are cytotoxic cells and they can further be divided into effector 

CD8+ T cells which possess the cytotoxic effector functions, memory CD8+ T cells 

which may live over 50 years in human body and evolve into effector cells, and 

naïve CD8+ T cells which can evolve into either of the above-mentioned (Joshi & 

Kaech, 2008). Cytokines responsible for CD8+ T cell maturation, cytotoxicity and 

production of antiviral cytokines include interleukin (IL)-12, interferon (IFN)-γ and 

IFN-αβ (Joshi & Kaech, 2008). T cells, e.g. eliminate cells infected with viruses by 

releasing granzymes, perforin and cytokines, and long living memory T cells 

provide a rapid response to a reinfection (Joshi & Kaech, 2008; Laidlaw, Craft, & 

Kaech, 2016). 

CD4+ T lymphocytes are divided into at least four subsets with different areas 

of responsibility: Th1 cells are important in defense against intracellular pathogens 

and in autoimmunity; Th2 cells for extracellular parasites, and have roles in 

allergies and asthma; Th17 cells operate for extracellular bacteria, fungi and 

autoimmunity; and regulatory T cells work for immune tolerance, lymphocyte 

homeostasis and regulation of immune responses (Zhu & Paul, 2008). Similar to 

CD8+ T cells, CD4+ T cells can be divided into naïve, effector and memory T 

helper cells (Zhu & Paul, 2008). T helper cells help B cells to make antibodies and 

macrophages to kill microbes and help neutrophils, eosinophils and basophils to 

migrate to the site of infection. They also produce various cytokines and 

chemokines (Zhu & Paul, 2008). Since T cells recognize only peptides bound to 

major histocompatibility complex (MHC) class 1 or 2 molecules, activation of T 

helper cells requires antigen presentation, which is performed by phagocytes 

including e.g. monocytes and dendritic cells (Zhu & Paul, 2008). 
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B lymphocytes 

B lymphocytes evolve from common lymphoid progenitors, but unlike T cells, they 

maturate in bone marrow (Laiosa et al., 2006). Upon activation, B cells 

differentiate into plasma cells and they are the key players of humoral immunity 

(Tarlinton & Good-Jacobson, 2013). T helpers induce them to produce and secrete 

antibodies that whether opsonize target pathogen to enable phagocytes to digest 

them, make the target pathogens unable to function, or eliminate the target pathogen 

(Tarlinton & Good-Jacobson, 2013). Both B cells and plasma cells retain 

immunological memory (Tarlinton & Good-Jacobson, 2013).  

Natural killers 

Natural killer cells are lymphoid cells, but part of innate immune system (Colucci, 

Caligiuri, & Di Santo, 2003). They have characteristics of adaptive immunity, 

sharing some of the same features with T cells: e.g. they produce the same cytokines 

as both CD4+ and CD8+ T cells and identify MHC-molecules (Colucci et al., 2003). 

They evolve from common lymphoid precursor in bone marrow and reside in many 

organs: blood, liver, spleen, thymus, omentum, intestine and placenta (Colucci et 

al., 2003). Cytokines associated with their evolution include IL-2, IL-7, and IL-15 

(Colucci et al., 2003).  

NK cells are effector cells with rapid response to pathogen invasion with no 

need to proliferate or differentiate first (Colucci et al., 2003). For recognition, NK 

cells use receptors that do not require recombination (Lanier, 2005). The target cell 

needs to have activating ligands, while the inhibitory signals, e.g. existence of 

MHC molecules on target cells, inhibit the activation (Lanier, 2005). Inhibiting 

signals prevent NK cells from targeting host cells (Lanier, 2005). NK cells are 

cytotoxic, using mainly perforin and granzymes for cytolysis, like CD8+ T cells, 

and they also secrete cytokines, such as IFN-γ (Lanier, 2005). 

2.4 Immune cells in sepsis   

2.4.1 Role of leukocyte surface antigens and the cluster of 

differentiation nomenclature 

Interactions between immune cells are modulated by cell surface glycoproteins and 

glycolipids (Yao, Luan, Zhang, & Sheng, 2015). Antibodies against these leukocyte 
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molecules are used to recognize specific subtypes of immune cells and to study 

their function. In turn, this has provided the means for their CD nomenclature 

covering hundreds of CD antigens (Engel et al., 2015). Beside the non-descriptive 

CD name, surface molecules also possess another names, e.g. FcγRI for CD64 

(Engel et al., 2015). The leukocyte surface molecules are divided into numerous 

groups, e.g. Ig and scavenger super-families, and integrin families (Engel et al., 

2015). 

2.4.2 Interaction of immune cells in sepsis and cross talk among the 

cells 

Invading pathogens and their products enhance recruitment of immune cells 

leading to the activation of both the innate and adaptive immune systems which 

cooperate in sepsis (Rimmele et al., 2016). Cross talk among the cells include 

releasing various cytokines and chemokines, others giving activating while others 

giving deactivating signals (Table 1, Figure 2), and direct contact with the cells as 

in antigen presentation (V. Kumar & Sharma, 2010; Rimmele et al., 2016).  

The immune reaction is triggered by PAMPs and DAMPs, which activate 

neutrophils and monocytes (Cinel & Opal, 2009). The first line phagocytic cells 

produce pro-inflammatory cytokines, such as IL-1β, tumor necrosis factor (TNF), 

and IL-6, promoting adhesion molecules on endothelial cells leading to recruitment 

of the circulating leukocytes to the site of infection (Stearns-Kurosawa, 

Osuchowski, Valentine, Kurosawa, & Remick, 2011). Neutrophils are the first cells 

to migrate to the site of infection followed by monocytes who later take the 

predominance (Kaplanski et al., 2003). Neutrophils are normally short living, but 

their survival has been reported to be longer in sepsis due to inhibition of apoptosis, 

and the life-span of monocytes is also prolonged (Rimmele et al., 2016). 

Neutrophils communicate with other innate immunity cells. They can increase the 

immunological activity of macrophages, by e.g. releasing granule proteins, or 

decrease it, by e.g. releasing extracellular vesicles (Scapini & Cassatella, 2014). 

The cross-talk between neutrophils and NK cells leads to e.g. enhanced cytokine 

production of NK cells and modulation of neutrophil survival (Scapini & Cassatella, 

2014). In an ideal situation, phagocytic cells eradicate and eliminate the invading 

pathogen (see previously). However, in sepsis the bacteria may escape the defense 

mechanisms or an overwhelming immune response may damage the host (Stearns-

Kurosawa et al., 2011).  
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The phagocytes present the antigens from the pathogens to T cells, which 

secrete cytokines such as IFN-γ to enhance the function of phagocytes, and T cells 

also interrelate with B cells leading them to produce antibodies for killing bacteria 

(Stearns-Kurosawa et al., 2011). Neutrophils also improve B cell and plasma cell 

survival by secreting various cytokines, such as G-CSF and a proliferation-

inducing ligand (APRIL) (Scapini & Cassatella, 2014). Besides, neutrophils may 

give inhibiting signals, e.g. by secreting reactive oxygen species (ROS) to 

deactivate T cells (V. Kumar & Sharma, 2010). 

Sepsis is characterized by enhanced production of leukocytes featuring 

immature myeloid cells in circulation, and similarly, immunoparalysis with 

decreased monocyte activation and decreased number of lymphocytes (see next 

chapter) (Adib-Conquy & Cavaillon, 2009). 
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Fig. 2. Some features of the interaction and cross talk of the immune cells in sepsis. 

The antigens reviewed later are marked on the expressing cell, as well as lymphocyte 

receptors. More information in Cinel & Opal, 2009; V. Kumar & Sharma, 2010; Mayadas 

et al., 2014; Wiersinga et al., 2014. 

2.4.3 Systemic inflammatory response syndrome (SIRS), 

compensatory anti-inflammatory response syndrome (CARS) 

and mixed antagonist response syndrome (MARS) 

Severe illness may lead to systemic inflammatory response syndrome (SIRS), in 

which the inflammation causes symptoms in respiration and circulation etc. (Bone 

et al., 1992). Besides sepsis, SIRS may be due to trauma, burns, pancreatitis, 
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hemorrhagic shock, surgery, or resuscitation after cardiac arrest (Adib-Conquy & 

Cavaillon, 2009). The host response to severe infection and sterile injury is similar 

(Lord et al., 2014). In SIRS, the activation of leukocytes and release of pro-

inflammatory mediators (Table 1) may lead to hyper inflammation which may 

cause tissue damage and organ failures (Hotchkiss & Karl, 2003).  

As a counterforce for SIRS, critically ill patients are often maintaining an anti-

inflammatory pattern (Hotchkiss & Karl, 2003). The release of anti-inflammatory 

mediators (Table 1) may lead to compensatory anti-inflammatory response 

syndrome (CARS), in which attenuated immune reactions moderate the systemic 

inflammation and predispose patients to infections, which may lead to a fatal 

outcome (Adib-Conquy & Cavaillon, 2009; Ward, Casserly, & Ayala, 2008). 

Collectively, critically ill patients seek a balance between pro-inflammatory 

(SIRS) and anti-inflammatory (CARS) stages, and an over advantage of either of 

those may lead to fatal outcome (Figure 3) (Hotchkiss & Karl, 2003). A balanced 

response will lead to pathogen elimination and tissue recovery, while an unbalanced 

response will lead to hyper inflammation, tissue injury and immunosuppression. 

SIRS and CARS often operate simultaneously as mixed antagonist response 

syndrome (MARS) making it difficult to predict the outcome (Osuchowski, 

Craciun, Weixelbaumer, Duffy, & Remick, 2012). In intensive care, the treatment 

is traditionally targeted to control the SIRS, but recent studies suggest that CARS 

with secondary infections seems to be even more disadvantageous as reviewed 

(Hotchkiss, Monneret, & Payen, 2013). 

Prolonged inflammation may lead to chronic critical illness (CCI). A recently 

introduced term, persistent inflammation-immunosuppression and catabolism 

syndrome (PICS), refers to patients with persistent inflammation, organ failure, 

catabolism, and poor nutrition, leading to prolonged time of recovery (Mira et al., 

2017). Those patients also maintain immunosuppression with an increased level of 

blood myeloid-derived suppressor cells and are in risk to secondary infections 

(Mira et al., 2017). 
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Fig. 3. Systemic inflammatory response syndrome (SIRS) and compensatory anti-

inflammatory response syndrome (CARS) in sepsis, modified from Hotchkiss & Karl, 

2003. 

2.5 Leukocyte surface molecules in infection and sepsis 

2.5.1 CD11b 

CD11b, an integrin molecule, forms with CD18 a complement receptor 3 (CR3) 

adhesion molecule [also known as macrophage-1 antigen (MAC-1)], and it is 

expressed by phagocytes, including monocytes and neutrophils (Repo & Harlan, 

1999). In resting cells, CD11b is stored intracellularly (Repo & Harlan, 1999). 

Upon activation of the cells in inflammation, CD11b is rapidly recruited to the cell 

membrane with stimulation by e.g. IL-8 (Repo & Harlan, 1999). This leads 

CD11b/CD18 to bind with intercellular adhesion molecule (ICAM)-1, fibrinogen 

or inactivated complement component 3 (Repo & Harlan, 1999). 

The potential of neutrophil CD11b as an infection marker has been 

demonstrated already years ago (Repo, Jansson, & Leirisalo-Repo, 1993). The 
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reports on the ability of neutrophil CD11b expression to distinguish septic from 

non-septic inflammation and healthy controls, however, remain conflicting (Table 

2). In some studies neutrophil CD11b has been reported to distinguish septic 

patients from non-septic controls with higher (Chishti, Shenton, Kirby, & Baudouin, 

2004; Russwurm et al., 2002) or lower (S. C. Silva et al., 2014) values in sepsis 

and to help detect neonatal sepsis (Nupponen, Andersson, Jarvenpaa, Kautiainen, 

& Repo, 2001; Turunen et al., 2005), while some reports did not find differences 

between sepsis and controls (Martins et al., 2008). In one study there were no 

differences in monocyte or neutrophil CD11b expression between bacterial and 

viral pneumonia (Hohenthal et al., 2006). A combination of neutrophil CD11b and 

CRP has been suggested as an improved marker of gram positive sepsis (Nuutila et 

al., 2009). One study showed that neutrophil CD11b distinguished bacterial and 

viral infections with sensitivity of 80.9% and specificity of 63.0%, but with a 

smaller area under the curve (AUC) (0.807) compared to e.g. CRP (0.938) or 

neutrophil count (0.864) (Nuutila et al., 2006). In another study, monocyte and 

neutrophil CD11b/CD18 distinguished cancer patients with infection with a better 

AUC [0.80 with sensitivity of 64.4% and specificity of 100% (neutrophil) or 71.4% 

(monocyte)] compared to CRP (Kallio et al., 2008). There is, however, only few 

studies indicating the sensitivities and specificities or the kinetics of CD11b. 

Neutrophil CD11b has been also reported to be decreased in those patients who did 

not survive sepsis (Muller Kobold et al., 2000), whereas in another study of 

infectious patients, there were no differences in neutrophil or monocyte CD11b 

expression between survivors and non-survivors (Aalto, Takala, Kautiainen, & 

Repo, 2005). 

There are also differing results concerning monocyte CD11b (Table 2). 

Monocyte CD11b expression in infection and sepsis has been reported to be higher 

(Muller Kobold et al., 2000) or in the same levels (S. C. Silva et al., 2014) 

compared to controls. In one study with higher monocyte CD11b expression in 

sepsis than in healthy, there were no differences in more severe forms of sepsis 

compared to healthy (Brunialti et al., 2006).  

One explanation for differing results concerning CD11b expression could be 

the pre-analytical and analytical factors in sampling and flow cytometry (Latger-

Cannard, Besson, Doco-Lecompte, & Lecompte, 2004) (see later), since many 

anticoagulants, including ethylenediaminetetraacetic acid (EDTA) (Brunialti et al., 

2006), as well as different handling temperatures (Brunialti et al., 2006; Muller 

Kobold et al., 2000) have been used in CD11b analyses. Apart from infection, 

CD11b has been reported to be elevated in other forms of inflammation including 
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burns (Johansson, Sjogren, Bodelsson, & Sjoberg, 2011) and pancreatitis 

(Kylanpaa-Back et al., 2001). 

Table 2. Some studies of CD11b in infection and sepsis in adults. 

Reference Molecule(s) Study design Results 

Muller Kobold et al., 2000 Monocyte CD11b, 

Neutrophil CD11b 

20 sepsis, 20 healthy CD11b was higher in 

sepsis than in healthy, 

neutrophil CD11b was 

lower in non-survivors. 

Russwurm et al., 2002 Monocyte CD11b, 

Neutrophil CD11b 

29 sepsis, 7 SIRS, 11 

ICU controls, 12 healthy  

CD11b was higher in 

sepsis than in ICU 

controls  

Chishti et al., 2004 Neutrophil CD11b 15 septic shock, 8 

healthy 

CD11b was higher in 

septic shock 

Aalto et al., 2005 Monocyte CD11b, 

Neutrophil CD11b 

327 infection (316 

survivors, 11 non-

survivors) 

No differences between 

survivors and non- 

survivors 

Brunialti et al., 2006 Monocyte CD11b 14 sepsis, 12 severe 

sepsis, 15 septic shock, 

17 healthy 

CD11b was higher in 

sepsis than in healthy, 

severe forms of sepsis 

did not differ from healthy 

Hohenthal et al., 2006 Monocyte CD11b 

Neutrophil CD11b 

69 pneumonia (13 

bacterial, 13 viral, 5 

atypical, 37 undefined) 

No differences between 

bacterial and viral 

pneumonia 

Nuutila et al., 2006 Neutrophil CD11b 89 bacterial, 46 viral 

infection, 60 healthy  

CD11b was highest in 

bacterial infection 

Kallio et al., 2008 Monocyte CD11b, 

Neutrophil CD11b 

120 cancer (89 

infectious, 23 non-

infectious, 8 neoplastic 

fever), 63 healthy 

CD11b/CD18 was higher 

in cancer patients with 

infection, AUC 0.80, 

sens. 64.4%, spec. 100% 

(neut) or sens. 64.4%, 

spec. 71.4% (mon) 

Martins et al., 2008 Neutrophil CD11b 14 sepsis, 12 severe 

sepsis, 15 septic shock, 

17 healthy 

No differences in CD11b 

expression between the 

groups. 

Nuutila et al., 2009 Neutrophil CD11b 86 bacterial infection CD11b/CRP ratio 

distinguished gram+ 

sepsis (AUC 0.812, sens. 

76.5%, spec. 79.7%) 

S. C. Silva et al., 2014 Monocyte CD11b, 

Neutrophil CD11b 

77 sepsis, 30 healthy Neutrophil CD11b was 

lower in sepsis than in 

healthy.  
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2.5.2 CD14 

CD14 is a bacterial cell wall structure receptor on monocytes, which expression is 

associated with monocyte activation via TLR4 (Aalto et al., 2005). Upon monocyte 

activation, CD14 molecules are shed from the plasma membrane to circulation as 

soluble molecules (Bazil & Strominger, 1991). Monocyte CD14 expression is 

reported to be decreased in systemic inflammation and predispose to secondary 

infections (Aalto et al., 2005). In previous studies, decreased expression of 

monocyte CD14 was associated with poor outcome in community-acquired 

infections (Aalto, Takala, Kautiainen, Siitonen, & Repo, 2007). Controversially, 

monocyte CD14 expression has been reported to be in the same levels (Calvano et 

al., 2003; Danikas, Karakantza, Theodorou, Sakellaropoulos, & Gogos, 2008; 

Tsujimoto et al., 2005), or lower (Brunialti et al., 2006) in sepsis compared to 

healthy controls. 

As membrane CD14 is released into the blood stream in systemic inflammation, 

increased soluble CD14 (also known as presepsin) has been proposed as a sepsis 

marker (Aalto et al., 2007; Behnes et al., 2014; Masson et al., 2014). 

2.5.3 CD40 

CD40 is a member of the TNF receptor superfamily, and is expressed, upon 

activation, on B-lymphocytes, monocytes, and macrophages (Nolan, Weiden, 

Hoshino, & Gold, 2004). Monocyte CD40 has been reported to be activated via 

CD154 on T cells during antigen presentation (Nolan et al., 2004), and there is also 

some evidence that CD40 may be directly activated via bacterial HSP 70 (Nolan et 

al., 2004; Y. Wang et al., 2001). 

Monocyte CD40 activation leads e.g. to the production of pro-inflammatory 

cytokines by monocytes and activation of other costimulatory molecules (Suttles 

& Stout, 2009). Increased expression of CD40 on monocytes has been reported in 

sepsis (Janols et al., 2014; Sugimoto et al., 2003) and various infections and 

inflammation (Janols et al., 2010). CD40 has also been widely studied in 

autoimmune diseases (Suttles & Stout, 2009) and in cancer since malignant cells 

may express CD40 and CD154 (Loskog & Eliopoulos, 2009).  
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2.5.4 CD64 

CD64 is a high affinity Fcγ receptor I (FcγRI) expressed constitutively on 

monocytes (Barth et al., 2001) and on neutrophils upon activation (Hoffmann, 

2009). CD64 is a receptor for IgG1, IgG3 and aggregated IgG being crucial for 

neutrophil activation in bacterial infection (Hoffmann, 2009). Unlike other Fcγ 

receptors on neutrophils, FcγRII (CD32) and FcγRIII (CD16), which are constantly 

expressed, CD64 expression upon activation is markedly higher compared to the 

resting state (Hoffmann, 2009). Neutrophil and monocyte CD64 expression has 

been reported to be stimulated by pro-inflammatory cytokines IFN-γ and G-CSF 

(Barth et al., 2001; Hoffmann, 2009) while IL-4 and IL-13 downregulate the 

expression (Barth et al., 2001). Both monocyte and neutrophil CD64 have been 

investigated in infection and sepsis. 

In several studies, neutrophil CD64 has been suggested to be a promising 

marker of infection and sepsis in neonatal and children (Genel et al., 2012; Groselj-

Grenc, Ihan, & Derganc, 2008; Hodge, Hodge, Han, & Haslam, 2004) as well as in 

adult populations (Cardelli et al., 2008; Cid, Garcia-Pardo, Aguinaco, Sanchez, & 

Llorente, 2011; Danikas et al., 2008; Davis, Olsen, Ahmad, & Bigelow, 2006; Hsu, 

Chan, Wang, Lin, & Wu, 2011) (Table 3). In a meta-analysis the pooled sensitivity 

and specificity of neutrophil CD64 for bacterial infection were 76% and 85% (S. 

Li et al., 2013). In a recent study with large ICU patient material, neutrophil CD64 

separated sepsis and controls with sensitivity of 89%, specificity of 87%, and 

consistently elevated CD64 was a sign of inappropriate antimicrobial treatment 

(Dimoula et al., 2014). In that study, elevation of neutrophil CD64 expression in 

controls was predictive for development of infection in the ICU (sensitivity 88%, 

specificity 65%) (Dimoula et al., 2014). Neutrophil CD64 predicted 28 day 

mortality in ICU treated sepsis patients with AUC of 0.75 (Livaditi et al., 2006), 

whereas in a large ICU patient material, neutrophil CD64 predicted ICU mortality 

of all study subjects (AUC 0.75) and differently in infectious (AUC 0.73) and non-

infectious subgroups (AUC 0.67) (Chen et al., 2014). 

There are also contradictory reports concerning the diagnostic performance of 

neutrophil CD64; some studies complaining low sensitivity (Gamez-Diaz et al., 

2011; Gros et al., 2012). In a study of community-acquired pneumonia (CAP) 

patients treated in hospital ward, neutrophil CD64 did not separate bacterial and 

viral pneumonia (Hohenthal et al., 2006).  
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Also, monocyte CD64 expression has been reported to be higher in infection 

compared to controls (Barth et al., 2001; Fjaertoft, Hakansson, Pauksens, Sisask, 

& Venge, 2007; Muller Kobold et al., 2000). 

Neutrophil CD64 has been reported to be unaffected by pre-analytical and 

analytical factors (see later), but be stable for up to 72-hour storage (Elghetany & 

Davis, 2005). In regard of non-infectious activation, neutrophil CD64 has been 

shown to be affected only a little by orthopedic surgery while in monocyte CD64 

the effect of the surgery was more pronounced with higher expression post-

operatively (Fjaertoft et al., 2007). Neutrophil CD64 has been reported also to 

distinguish systemized inflammation from acute state of chronic inflammatory 

disease (Allen, Bakke, Purtzer, & Deodhar, 2002). Monocyte and neutrophil CD64 

expression have been reported to decrease within time in patients with septic shock 

with highest expression in the first days of the treatment (Barth et al., 2001), 

possibly due to the antibiotic treatment (Dimoula et al., 2014). In the study of 

kinetics (Barth et al., 2001), the expression of CD64 was followed during 14 days, 

but so far, there are no reports concerning long-time follow-up sampling. 
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Table 3. Some recent studies of neutrophil CD64 in infection and sepsis in adults. 

Reference Study design Results 

Davis et al., 2006 100 ER patients CD64 was better marker for indicating 

bacterial infection (sens. 87.9%, spec. 

71.2%) than CRP, neutrophil count, 

myeloid left shift or sedimentation rate 

Hohenthal et al., 2006 69 pneumonia (13 bacterial, 

13 viral, 5 atypical, 37 

undefined) 

No difference in neutrophil CD64 

between viral and bacterial pneumonia 

Livaditi et al., 2006 47 ICU treated sepsis CD64 predicted 28 day mortality (AUC 

0.75) and more severe forms of sepsis 

Cardelli et al., 2008 52 ICU treated sepsis, 60 

ICU controls, 50 healthy 

CD64 was better than PCT in sepsis 

detection in ICU (AUC 0.97, sens. 96%, 

spec. 95%) 

Danikas et al., 2008 31 sepsis, 30 healthy CD64 was higher in sepsis survivors than 

healthy, no difference between non-

survivors and healthy. Higher CD64 

correlated with survival. 

Gamez-Diaz et al., 2011 631 ER patients (416 sepsis) The sensitivity and specificity of CD64 for 

sepsis were 65.8% and 64.6% 

Cid et al., 2011 132 febrile ER patients CD64 was diagnostic (AUC 0.66) and 

prognostic (AUC 0.71) in bacterial 

infection 

Gros et al., 2012 293 ICU patients (148 

bacterial infection, 145 non-

bacterial infection or SIRS) 

CD64 was diagnostic (AUC 0.8, sens. 

63% and spec. 89%) for bacterial 

infection in critically ill 

Chen et al., 2014 797 ICU patients (381 

infectious, 416 non-

infectious) 

CD64 predicted ICU mortality (AUC 0.75) 

in whole ICU population and in infectious 

(AUC 0.73) and non-infectious (AUC 

0.67) sub groups 

Dimoula et al., 2014 548 ICU patients (130 

sepsis, 418 controls) 

CD64 was diagnostic for sepsis (sens. 

89%, spec. 87%) in ICU, CD64 

decreased in patients receiving correct 

antimicrobials, CD64 increased in 

controls developing infection 

2.5.5 CD69 

CD69 is a lymphocyte activation marker expressed at the very early phase of 

lymphocyte activation promoting the release of pro-inflammatory cytokines, and 

its expression was reported to be induced by e.g. IFNs and TNFα (Wehner, Dietze, 
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Bachmann, & Schmitz, 2011). There is some evidence suggesting that expression 

of CD69 on T and B lymphocytes is altered in sepsis, and thus, CD69 could be used 

as marker of sepsis (Schwulst et al., 2008). NK cell expression of CD69 has been 

proposed as a marker of neonatal infection (Hodge et al., 2004), and in another 

study NK cell CD69 was higher in patients with influenza (Jost et al., 2011). 

2.5.6 CD80 

CD80 (B7-1), expressed on monocytes and B-lymphocytes, is a costimulatory 

molecule which, with CD86 (B7-2), binds to CD28 receptor on T cells playing an 

important role in T-cell mediated immunity (Bauvois, Nguyen, Tang, Billard, & 

Kolb, 2009). CD80 activation is reported to be induced by neutrophils (Nolan et 

al., 2008) and increased expression of CD80 on monocytes has been reported in 

sepsis compared to healthy (Nolan et al., 2008). 

2.5.7 HLA-DR 

Human Leukocyte Antigen (HLA)-DR, part of the MHC 2, has a central role in 

antigen presentation, and it is expressed on monocytes, dendritic cells and 

lymphocytes (Rimmele et al., 2016). Downregulation of HLA-DR in antigen-

presenting cells leads to reduced antigen presentation, and thus, impaired immune 

responses, and is considered as a marker for the development of immune 

dysfunction in critically ill (Venet et al., 2011). It has been earlier shown that HLA-

DR expression is decreased in patients with sepsis (Gogos et al., 2010; 

Lukaszewicz et al., 2009; Payen, Faivre, Lukaszewicz, Villa, & Goldberg, 2009; 

Trimmel et al., 2012; Tschaikowsky et al., 2002; Wu, Shih, Lin, Hua, & Chuang, 

2011), and other critically ill patients, including postoperative patients (Menges et 

al., 2012), and patients with burns (Venet et al., 2007) or trauma (Gouel-Cheron, 

Allaouchiche, Floccard, Rimmele, & Monneret, 2015). In a previous study, 

monocyte HLA-DR was higher in surviving critically ill patients but no cut-off 

value could be determined (Trimmel et al., 2012), while another study has 

suggested that recovering levels of HLA-DR within ten days is a good prognostic 

finding in sepsis (Tschaikowsky et al., 2002). Prolonged decrease of monocyte 

HLA-DR expression has been reported to correlate with complications, such as 

infection in different patient groups (Gouel-Cheron et al., 2015; Lukaszewicz et al., 

2009; Venet et al., 2007). Table 4 summarizes the recent studies of HLA-DR in the 

critically ill. 
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Table 4. Monocyte HLA-DR in critically ill. 

Reference Study design Results 

Muller Kobold et al., 2000 20 sepsis, 20 healthy HLA-DR was lower in sepsis than 

in healthy. 

Tschaikowsky et al., 2002 23 postoperative sepsis (16 

survivors, 7 non-survivors), 26 

postoperative controls, 24 healthy 

HLA-DR decreased 

simultaneously with signs of hyper 

inflammation and course was 

opposite than inflammation 

markers and sepsis scores 

Venet et al., 2007 14 severe burn, 29 healthy HLA-DR was decreased in burns, 

prolonged decrease was 

associated with mortality and 

development of sepsis  

Lukaszewicz et al., 2009 283 ICU patients (90 sepsis, 193 

controls) 

HLA-DR was decreased in all 

patients, more deeply in sepsis. 

Slow recovery of HLA-DR was 

associated with a risk of 

secondary infection 

Payen et al., 2009 26 sepsis, severe sepsis or septic 

shock; 8 healthy 

HLA-DR was higher in healthy, 

Initial low HLA-DR was not related 

to the severity or the outcome of 

sepsis 

Wu et al., 2011 35 ICU treated sepsis, 30 healthy HLA-DR was higher in healthy 

than in sepsis  

Gogos et al., 2010 505 sepsis (183 pyelonephritis, 97 

CAP, 100 intra-abdominal 

infection, 61 primary bacteremia, 

64 HAP/VAP) 

HLA-DR was lower in severe 

forms of sepsis than in sepsis in 

patients with pyelonephritis or 

intra-abdominal infection 

Menges et al., 2012 118 operative patients (17 with 

minor and 101 with major surgery)

HLA-DR decreased after surgery, 

more pronounced effect in major 

and in long-lasting surgery 

Trimmel et al., 2012 413 critically ill ICU patients, 279 

survivors, 134 non-survivors 

HLA-DR expression higher in 

survivors, no cut-off point due to 

overlap in groups 

Gouel-Cheron et al., 2015 80 severe trauma HLA-DR decreased after trauma. 

Patients with prolonged decrease 

were at risk of infection 
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2.6 Biomarkers used in sepsis diagnostics 

Biomarkers are tools for diagnosing or screening and making a risk stratification 

for a disease, or they can be used for monitoring, or as a measure of end point 

(Marshall, Reinhart, & International Sepsis Forum, 2009). There are numerous of 

biomarkers suggested to be useful in sepsis as reviewed (Marshall et al., 2009; 

Pierrakos & Vincent, 2010). However, many sepsis biomarkers seemed to be more 

predictive for the outcome than diagnostic for the disease (Lichtenstern, Brenner, 

Bardenheuer, & Weigand, 2012). 

2.6.1 C-reactive protein (CRP) and procalcitonin (PCT) 

C-reactive protein (CRP) and procalcitonin (PCT) are two commonly used 

biomarkers in sepsis diagnostics (Faix, 2013; Pierrakos & Vincent, 2010). CRP is 

an acute phase protein produced in liver by stimulation of cytokines including IL-

1, IL-6 and TNF, increasing in various inflammatory conditions including bacterial 

and viral infections and non-infectious inflammatory diseases (Clyne & Olshaker, 

1999). CRP participate in complement activation and modulation of phagocytic 

function (Clyne & Olshaker, 1999). In a retrospective study, CRP was elevated 

(>0.8 mg/dL) in 98.4% of the 622 patients with bacteremia (Manian, 2012). PCT 

is the precursor of calcium hemostasis hormone, calcitonin, and it is normally 

secreted by C cells in thyroid and some other neuroendocrine cells, but in severe 

inflammation there is secretion in various parts of the body (Becker, Snider, & 

Nylen, 2010). There is no certain role for PCT in infection, however, it seems to 

strengthen the inflammation reaction increasing e.g. leukocyte activation and 

cytokine production (Becker et al., 2010). The concentration of PCT is induced by 

pro-inflammatory cytokines in severe infection, as well as, in sterile inflammation 

like pancreatitis, burns and severe trauma (Becker et al., 2010).  

There are many studies comparing the ability of CRP and PCT as markers of 

infection and sepsis in critically ill (Table 5). PCT has been suggested as a useful 

marker to guide antibiotic treatment in respiratory tract infections in selected 

patient groups in the ICU (Schuetz, Albrich, & Mueller, 2011). According to a 

meta-analysis, PCT guided antimicrobial therapy may shorten the duration of 

therapy without increasing mortality in critically ill patients (Prkno, Wacker, 

Brunkhorst, & Schlattmann, 2013). PCT has been shown better than CRP as a 

marker of sepsis in the ICU (Garnacho-Montero et al., 2014; Luzzani et al., 2003) 

and neurological ICU (Tian et al., 2014). PCT was better than CRP in detection of 
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sepsis in patients with SIRS in the emergency room (ER) (Jekarl et al., 2013), and 

in detection of sepsis with organ failure in the ER (Uusitalo-Seppala et al., 2011). 

PCT was also better in distinguishing sepsis in patients with burns (Barati et al., 

2008). PCT was better than CRP in detecting bacteremia in patients with fewer 

(Kim et al., 2011) and positive blood cultures in ER patients (Arai et al., 2014), and 

there is some evidence that PCT was higher in gram negative than in gram positive 

sepsis (Brodska et al., 2013; Nakajima et al., 2014).  

In a study comparing CRP and PCT in critically ill patients with a new onset 

of fever, CRP was better in supporting an infectious diagnosis, whereas PCT was 

better in detecting complications; such as septic shock and mortality (Hoeboer & 

Groeneveld, 2013). In addition, PCT on admission to the ICU was prognostic to 

short term mortality (Jain et al., 2014). In a recent study with sepsis and ICU 

controls, CRP had higher AUC than PCT in sepsis (0.86 vs. 0.82) and infection 

(0.88 vs. 0.84) diagnostics (Bauer et al., 2016). In a large ER study population CRP 

had higher AUC for sepsis (0.71 vs. 0.69), but the sensitivity of both markers were 

criticized (Jaimes et al., 2013). In that study, PCT was a better marker in more 

severe forms of sepsis (Jaimes et al., 2013). 

Both CRP and PCT increase in other inflammatory conditions, including 

trauma and SIRS, and the utility of those markers as diagnostic tests in sepsis 

requires further proofing (Faix, 2013). PCT may not be a reliable marker of sepsis 

in patients with acute kidney injury since its clearance may be altered (Nakamura 

et al., 2015). CRP elevates rather slowly after onset of fever (Ho & Lipman, 2009) 

and there can be false negative cases among acutely ill. CRP has been also reported 

to decrease after use of corticosteroids (Ho & Lipman, 2009; C. Lin et al., 2016). 
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Table 5. Some recent studies including CRP and PCT in sepsis diagnostics. 

Reference Study design Result 

Luzzani et al., 2003 70 ICU patients (no infection, 

SIRS, localized infection, sepsis) 

PCT was better sepsis marker and 

correlated better with disease severity 

than CRP.  

Barati et al., 2008 60 patients with burns (30 sepsis, 

30 controls) 

PCT was higher in sepsis (AUC 0.97, 

sens. 100%, spec. 89.3%) and non-

survivors, no differences in CRP. 

Kim et al., 2011 300 patients with fever (58 

bacteremia, 137 local infection, 90 

other cause, 15 unknown ) 

PCT was higher in patients with 

bacteremia (AUC 0.753, sens. 74.2%, 

spec. 70.1%), CRP did not distinguish 

bacteremia. 

Uusitalo-Seppala et al., 2011 539 ER patients (59 no SIRS or 

bacterial infection; 68 bacterial 

infection, no SIRS; 54 SIRS, no 

infection; 309 sepsis; 49 sepsis 

and organ failure) 

PCT had better AUC (0.77 vs. 0.60) 

than CRP in detecting sepsis with 

organ failure 

Hoeboer & Groeneveld, 2013 72 critically ill patients with onset 

of new fever 

CRP was better in judging response 

to antibiotic treatment, PCT may 

better indicate the risk of 

complications. 

Jaimes et al., 2013 765 ER patients (505 sepsis, 112 

infection, 148 no infection) 

CRP had higher AUC (0.71 vs. 0.69) 

than PCT. PCT was better marker of 

more severe form of sepsis. 

Jekarl et al., 2013 99 SIRS, 62 sepsis, 16 severe 

sepsis/septic shock 

PCT was best marker for sepsis and 

severe sepsis/septic shock (AUC 0.83 

and 0.93, sens. 74% and 94%, spec. 

87% and 75%). 

Jain et al., 2014 54 patients with sepsis, severe 

sepsis or septic shock 

PCT on admission to ICU was 

prognostic to short term outcome.  

Garnacho-Montero et al., 

2014 

43 SIRS, 117 sepsis in ICU PCT was better than CRP in sepsis 

detection (AUC 0.87 vs. 0.69, sens. 

91% vs. 91%, spec. 67% vs. 40%) 

Nakajima et al., 2014 45 sepsis (7 gram pos. cocci, 6 

gram neg. rod), 24 pneumonia 

without SIRS, 56 controls 

PCT was highest in sepsis, no 

difference in CRP. PCT was higher in 

gram negative rod than in gram 

positive cocci   

Tian et al., 2014 56 sepsis, 48 SIRS in neurological 

ICU 

PCT was better than CRP in sepsis 

detection (AUC 0.799 vs. 0.693, sens. 

75% vs. 62.5%, spec. 83.3% vs. 

79.2%) and PCT discriminated sepsis 

severity 
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2.6.2 Some other suggested sepsis biomarkers 

Besides, CRP and PCT, hundreds of biomarkers have been suggested in sepsis 

diagnostics as reviewed (Pierrakos & Vincent, 2010). In Table 6, there are some 

biomarkers listed based on different pathophysiologic features of sepsis. 

Sepsis, among other sources of inflammation, include recruitment of 

leukocytes and the leukocyte count has been used to diagnose systemic 

inflammation and sepsis, both decreased and increased number of the cells reported 

in systemic inflammation (Bone et al., 1992). In one study, white blood cell (WBC) 

count and neutrophil count did no differ between SIRS patients with or without 

infection (Lavrentieva A et al., 2007). Immature granulocyte count was better than 

CRP in detecting sepsis with sensitivity of 89.2% and specificity of 76.4% in 

surgical ICU patients (Nierhaus et al., 2013), while in another study of immature 

neutrophils, band cells were suggested as diagnostic while myelocytes and 

metamyelocytes as prognostic markers of sepsis (Mare et al., 2015). Delta 

neutrophil index is a fraction of immature granulocytes and has been reported to be 

another method to investigate immature granulocytes and to provide a tool in sepsis 

diagnostics and prediction being also better than CRP (Seok et al., 2012).  

Lymphocyte count has been reported to decrease (Holub et al., 2003; Hoser, 

Skirecki, Zlotorowicz, Zielinska-Borkowska, & Kawiak, 2012; Pelekanou et al., 

2009) or increase (despite of relative lymphocytopenia) in septic patients 

(Tschaikowsky et al., 2002). There is some evidence that the focus of the infection 

may have influence in leukocyte and its subpopulations count in sepsis (Gogos et 

al., 2010; Hoser et al., 2012). Also causing microbe has been reported to influence 

the lymphocyte count: deeper lymphocytopenia has been reported in gram positive 

infections (Holub et al., 2003), whereas decrease in CD4+ T cell count and increase 

of NK cell count has been reported in gram negative sepsis (Giamarellos-

Bourboulis et al., 2006).  

Thrombocytopenia is common in critically ill (Levi, 2008; Vandijck et al., 

2010), and it is associated with poor prognosis in nosocomial bloodstream 

infections (Vandijck et al., 2010). Immature platelet fraction predicted development 

of sepsis among critically ill patients without sepsis at admission to ICU (De Blasi 

et al., 2013). 

Sepsis includes coagulopathy (Adib-Conquy & Cavaillon, 2009). Fibrin 

degradation product, D-dimer was associated with survival in sepsis patients (Levi, 

2008; Rodelo et al., 2012). D-dimer and antithrombin, both reflecting the vascular 

dysfunction in the critically ill, have been reported being promising in identifying 
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organ dysfunction (Iba et al., 2005) and multiple organ failure (MOF) in sepsis 

patients (Levi, 2008). Lactate is a marker of tissue hypoxemia, and an elevated 

lactate level in a hypotensive sepsis patient without hypovolemia refers to septic 

shock (Singer et al., 2016). Lactate has been also reported to be associated with 

survival in sepsis (Mikkelsen et al., 2009). 

Soluble urokinase plasminogen activator receptor (suPAR), derived from the 

membrane-bound urokinase plasminogen activator receptor (uPAR), increases in 

various inflammatory conditions including infections and cancer, and has been 

introduced as a biomarker for predicting outcome in patients with systemic 

inflammation, but reported to have poor diagnostic value in separating patients with 

different origins of inflammation, as reviewed (Backes et al., 2012; Donadello, 

Scolletta, Covajes, & Vincent, 2012). In another study suPAR was a better predictor 

of mortality of ICU treated sepsis patients than CRP and PCT, though clinical 

scores acute physiology and chronic health evaluation (APACHE, see appendices) 

II and SOFA were better (Suberviola, Castellanos-Ortega, Ruiz Ruiz, Lopez-Hoyos, 

& Santibanez, 2013). 

In sepsis, a wide range of cytokines are secreted (Cavaillon, Adib-Conquy, 

Fitting, Adrie, & Payen, 2003) and cytokine measurements have been suggested as 

biomarkers in sepsis, having, however, more predictive than diagnostic power 

(Andaluz-Ojeda et al., 2012). High-mobility group box-1 (HMGB-1) is regarded 

as a pro-inflammatory cytokine with increased levels in patient with inflammation, 

and its plasma concentration was reported to correlate with disease severity in 

septic shock (Gibot et al., 2007), but its diagnostic accuracy for sepsis in emergency 

department patients, with sensitivity of 57.5% and specificity of 57.8%, was more 

recently criticized (Gamez-Diaz et al., 2011).  

Triggering receptor expressed on myeloid cells-1 (TREM-1) is an 

immunoglobulin receptor on phagocytic cells, and its soluble form has been 

reported to be a promising marker in identifying septic patients in the ICU with 

sensitivity of 96% and specificity of 89% (Gibot et al., 2004), and correspondingly, 

87% and 88% in a more recent study (Su et al., 2013). However, in another study 

with emergency department patients, the diagnostic accuracy of soluble TREM-1 

(s-TREM-1) for sepsis was more modest with sensitivity of 60% and specificity of 

59.2% (Gamez-Diaz et al., 2011). In another study, high s-TREM was, with PCT 

and SOFA score, an independent predictor of 28-day outcome in ICU treated sepsis 

(Z. Li, Wang, Liu, Chen, & Li, 2014). 

Group IIA phospholipase A2 (PLA2GIIA) is an acute phase protein which helps 

killing bacteria in infection, and has been reported to be a better marker of sepsis 
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with organ dysfunction than CRP and WBC count in a large ER patient cohort 

(Uusitalo-Seppala, Peuravuori, Koskinen, Vahlberg, & Rintala, 2012).  

Pentraxin 3 (PTX3) is a pattern recognition molecule, which plasma 

concentration increases in inflammation (Daigo et al., 2012). PTX3 concentration 

has been reported to be elevated in patients with SIRS compared with healthy 

volunteers with higher levels in sepsis having also prognostic value (Bastrup-Birk 

et al., 2013) and to have better prognostic performance than CRP in ventilator 

associated pneumonia (VAP) (Q. Lin, Fu, Shen, & Zhu, 2013). In another study 

with ER patients, elevated PTX3 predicted ICU treated sepsis and mortality in 

patients with suspected infection (Uusitalo-Seppala et al., 2013). 

Neutrophil gelatinase-associated lipocalin (NGAL) is a protein produced in 

renal tubular epithelial cells and used as a marker in AKI and in heart failure, and 

its increased concentration has been also reported to predict outcome of sepsis 

patients (Hong et al., 2016; B. Wang et al., 2015). 

N-terminal pro-brain natriuretic peptide (NT-proBNP), which is a marker of 

heart failure, hemodynamic stress, as well as an inflammatory marker, has been 

shown to predict outcome in ICU treated sepsis and septic shock (Cheng et al., 

2015; Varpula, Pulkki et al., 2007). Elevation of another cardiac marker, cardiac 

troponin I (cTnI) was also related to poor outcome in ICU treated sepsis and septic 

shock in elderly patients (Cheng et al., 2015). 
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Table 6. Some laboratory tests suggested as biomarkers in sepsis. 

Laboratory test Regulated by In sepsis Reference 

WBC count Inflammation Increases/decreases Manian, 2012 

Immature granulocyte 

count 

Inflammation Increases Nierhaus et al., 2013) 

Lymphocyte count Inflammation Decreases Holub et al., 2003; Hoser 

et al., 2012; Pelekanou et 

al., 2009 

Platelet count Coagulopathy Decreases Levi, 2008; Vandijck et 

al., 2010 

D-dimer Coagulopathy Increases Iba et al., 2005; Levi, 

2008; Rodelo et al., 2012 

Antithrombin Coagulopathy Decreases Iba et al., 2005; Levi, 

2008 

Lactate Hypoperfusion Increases Mikkelsen et al., 2009; 

Singer et al., 2016 

suPAR Inflammation Increases Backes et al., 2012; 

Donadello et al., 2012; 

Suberviola et al., 2013 

HMGB-1 Inflammation Increases Gamez-Diaz et al., 2011; 

Gibot et al., 2007 

s-TREM-1 Inflammation Increases Gamez-Diaz et al., 2011; 

Gibot et al., 2004; Z. Li et 

al., 2014; Su et al., 2012 

PLA2GIIA Inflammation Increases Uusitalo-Seppala et al., 

2012 

PTX3 Inflammation Increases Bastrup-Birk et al., 2013; 

Daigo et al., 2012; Q. Lin 

et al., 2013; Uusitalo-

Seppala et al., 2013 

NGAL Inflammation Increases Hong et al., 2016; B. 

Wang et al., 2015 

NT-proBNP Cardiac dysfunction/ 

inflammation 

Increases Cheng et al., 2015; 

Varpula et al., 2007 

cTnI Cardiac dysfunction Increases Cheng et al., 2015 

 

2.6.3 Multimarker approach 

Some reports suggest that the inflammation markers correlate with disease severity 

but cannot be used individually as diagnostic tools (Tsalik et al., 2012). 
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Multimarker analysis has been suggested to improve infection and sepsis 

diagnostics, and to separate viral and bacterial infections, some of them being 

combinations of leukocyte surface antigens and more commonly used laboratory 

tests (Lilius & Nuutila, 2012). CD11b/CRP ratio improved detection of gram 

positive sepsis (Nuutila et al., 2009). Clinical infection score point, a combination 

of CR1, CRP, erythrocyte sedimentation rate (ESR) and total neutrophil CR index 

provided a tool to separate bacterial and viral infections with sensitivity 96.6% and 

specificity of 95.7% (Nuutila et al., 2006). A combination of cytokines has been 

reported to improve outcome prediction in sepsis (Andaluz-Ojeda et al., 2012).  

A bioscore combining neutrophil CD64 with PCT and s-TREM-1 provided 

improved sepsis diagnostics with no false positive cases among the 64 patients who 

received the highest score (Gibot et al., 2012), whereas combination of neutrophil 

CD64 with APACHE II score improved prediction of fatal outcome in sepsis and 

other ICU patients (Chen et al., 2014). A bioscore with seven markers 

[bronchoalveolar lavage fluid (BALF)/blood ratio mTREM-1 and mCD11b, BALF 

sTREM-1, IL-8 and IL-1b, and serum CRP and IL-6)] improved detection of VAP 

(Grover et al., 2014), and a nine biomarker panel (α-2 macroglobulin, CRP, ferritin, 

fibrinogen, haptoglobin, PCT, serum amyloid A, serum amyloid P, tissue 

plasminogen activator) helped detection of sepsis in ICU patients with low 

likelihood of bacterial infection (Han et al., 2015). 

2.7 Flow cytometric analysis of leukocyte surface molecules from 

whole blood samples 

2.7.1 Basic principles of flow cytometry 

Flow cytometry offers both quantitative and qualitative method to investigate the 

chemical and physical features of the cells in different kind of samples (blood, 

liquor, bone marrow, cavity fluids, urine, and solid tissues). Flow cytometer is 

traditionally used in diagnostics, for instance, to define leukemia, lymphomas, and 

other blood diseases, as well as in immunology, oncology and genetics. The 

advancement of the machines has brought flow cytometry to smaller units while it 

has earlier been available only in larger centers (Brown & Wittwer, 2000). 

Flow cytometry is based on optical and fluorescence characteristics of target 

particle. The cell flow is led one cell at a time through laser beam (Figure 4). Flow 

cytometer then measures particle’s forward scatter characteristics (FSC) by forward 
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light scatter detector and side scatter characteristics (SSC) by side light scatter 

detector. The target cell can also be stained e.g. with a fluorochrome conjugated 

antibody. The laser causes the fluorochrome to excite to higher energy level, and 

when returning to base energy level, the fluorochrome emits light energy typical to 

the fluorochrome, which is then measured by fluorescence emission detectors. The 

forward scatter characteristics depict size and side scatter characteristics 

complexity of the cell, and the fluorescence intensities the expression of molecules 

of interest by the cell. The blood cell populations can be separated based on their 

forward scatter and side scatter characteristics as well as on the expression of 

certain molecules (Brown & Wittwer, 2000). 

The data from flow cytometer is analyzed with computer program. The antigen 

expressions can be reported as percentage of antigen positive cells (Figure 5), 

where there is a need to set a threshold for antigen positivity which can be made 

e.g. by isotype control –stained samples. More accurate method is to report the 

results quantitatively as mean or median fluorescence intensity (MFI) which means 

the mean or median fluorescence intensity of the investigated antigen per cell 

investigated (Figure 6) (Venet et al., 2011). 



47 

Fig. 4. A diagram depicting basics of flow cytometry, modified from Brown & Wittwer, 

2000. FSC = Forward scatter characteristics, SSC = Side scatter characteristics, FE = 

Fluorescence emission. 
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Fig. 5. Example of flow cytometry resulting in percentage of antigen positive cells 

representing the percentage of HLA-DR positive monocytes. The threshold for antigen 

positivity is set with isotype control stained sample (A) and then used for detecting 

HLA-DR positive cells (70.01%) (B). The figure was produced with FACSCalibur 

cytometer and CellQuest software (BD Bioscience). 
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Fig. 6. Example of quantitative flow cytometry. The cells expressing the antigen of 

interest (monocyte CD11b in this case) are defined based on their side scatter 

characteristics (SSC) and expression of specific antigen (CD14 in this case) (A and B). 

The fluorescence intensity of the antigen (C) results as median fluorescence intensity 

661.17, which is further converted to molecules of equivalent soluble fluorochrome 

(MESF) (Figure 7). The figure was produced with FACSCalibur cytometer and CellQuest 

software (BD Bioscience). 
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Fig. 7. Example of standard curve generated using Quantum R-PE MESF microspheres. 

By blotting the median fluorescence intensity of four fluorescent microsphere 

populations and a blank population with known MESF values, a standard curve was 

made and can further be used to convert the median fluorescence intensity of patient 

samples into MESF values. 

2.7.2 Brief methodological consideration of the use of flow 

cytometry 

The flow cytometric analysis include sampling, sample storage, shipping, and 

staining, instrument set up and data analysis and the all steps may have influence 

on the results (Maecker et al., 2010). 

The method used in presenting the results may influence the results. The 

quantitative analysis has been suggested as a more accurate method compared to 

percentage of positive cells. However, the MFI is dependent on the flow cytometer, 

which hardens the comparison between laboratories, and besides, there is also daily 
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variations within the single flow cytometry (Venet et al., 2011). To allow 

comparison with laboratories and to reduce daily variations, use of fluorochromes 

of known fluorescence intensity to adjust flow cytometry settings has been 

suggested (Docke et al., 2005; Latger-Cannard et al., 2004). Molecules of 

equivalent soluble fluorochrome (MESF) (Figure 7) and antibody binding capacity 

(ABC) are two examples of fluorochrome based quantitative flow cytometry 

(Henderson, Marti, Gaigalas, Hannon, & Vogt, 1998; Marti, Zenger, Vogt, & 

Gaigalas, 2002). 

Before entering the flow cytometer, the blood sample must be prepared. The 

whole blood method has been suggested to minimize the sample manipulation 

(Latger-Cannard et al., 2004). The sample handling has been performed both in 

room temperature and in colder temperatures (0-4°C) (Brunialti et al., 2006; Muller 

Kobold et al., 2000). Some leukocyte surface antigens, e.g. CD11b has been 

reported to be sensitive and affected by handling temperature, the higher 

temperature resulting in higher fluorescence intensity (Latger-Cannard et al., 2004). 

The affect is antigen dependent, since e.g. CD11b is stored intracellularly and the 

antigens may be released during manipulation, but CD64, for instance, is prepared 

and expressed by the cell when needed without intracellular reserves, so no 

increased activity should be expected upon preparing the sample (Elghetany & 

Davis, 2005). The suggestion is also to avoid temperature changes during sample 

preparation, which may at least for granulocyte markers, cause changes in 

fluorescence intensity (Elghetany & Davis, 2005) 

There is also evidence that anticoagulants used in tubes where blood is 

collected may influence the results, for example the commonly used anticoagulant 

EDTA binds Ca2+ ions, while some CD11b antibodies are Ca2+ dependent (Repo, 

Jansson, & Leirisalo-Repo, 1995). According to literature, heparin is favored, but 

also EDTA and ACD are accepted, though they may cause increased granulocyte 

apoptosis when handled careless (Elghetany & Davis, 2005). 

Another common problem is the storage time of the blood samples, since flow 

cytometry analysis is usually available in hospitals only during normal working 

hours. One suggestion is that blood samples for granulocyte surface antigen 

analysis, at least for neutrophil CD64, may be stored for up to 72 hours in heparin 

and ACD, taking the storage temperature into consideration (Elghetany & Davis, 

2005). However, shorter storing times may apply for quantitative studies of e.g. 

CD11b (Elghetany & Davis, 2005). There are also many surface molecules that are 

not studied in that context. 
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2.8 Conclusions from the literature review 

Sepsis and its complications are a wide problem, and an effort to find a biomarker 

should be addressed since sepsis diagnosis is currently mainly clinical with 

suspicion of infection with signs of organ dysfunction (Singer et al., 2016). The 

timely diagnosis is crucial since prognosis of the disease is related to rapid 

treatment (A. Kumar et al., 2006). There are numerous biomarkers suggested as a 

diagnostic tool in sepsis. Although PCT and CRP are widely used as infection 

markers, there is, so far, no reliable sepsis biomarker. There is also controversy in 

studies concerning sepsis biomarkers, which may be due to poor methodological 

quality and standardization of the studies (Hall, Bilku, Al-Leswas, Horst, & 

Dennison, 2011). 

Leukocytes are key players in host defense in infections, and some leukocyte 

surface molecules involved in the pathophysiology of sepsis has been investigated 

for diagnostic purposes using flow cytometry. Especially neutrophil CD64 has been 

shown promising in sepsis diagnostics. There are, however, contradictory reports 

of CD64 and other surface molecules, such as CD11b. It is suggested that flow 

cytometric analysis should be standardized (Latger-Cannard et al., 2004). Still, 

there is no standard procedure for quantitative flow cytometry in sepsis diagnostics. 

There are suggestions to monitor HLA-DR (Tschaikowsky et al., 2002) and 

neutrophil CD64 on consecutive days in ICU (Dimoula et al., 2014), but there is 

lack of studies concerning kinetics and long-term expression. The literature 

regarding the expression of CD40, CD69 and CD80 in sepsis remains limited 

overall. 

Finally, there are many biomarkers investigated in sepsis. However, many of 

them seems to be more like predictive for outcome than diagnostic. Besides, those 

markers suggested in sepsis diagnostics that correlate with the severity of 

inflammation often are unable to discriminate between the different origins of 

inflammation. Multiple marker analysis has been suggested as an improved 

diagnostic tool, but so far there is no standardized combination. 
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3 Aims of the present research 

The aim of this study was to investigate leukocyte surface molecule expression in 

sepsis and non-septic ICU controls using flow cytometry. Furthermore, the study 

aimed to compare the diagnostic performance of the surface molecules to that of 

commonly used markers. In detail the more specific aims were: 

I  To investigate the influence of pre-analytical and analytical factors on flow 

cytometry and to standardize the method. 

II  To investigate monocyte and neutrophil CD11b and CD64 molecule kinetics 

and whether they separate sepsis from non-septic and healthy controls. 

III  To investigate monocyte (CD14, CD40, CD80 and HLA-DR) and lymphocyte 

(CD69) molecule kinetics and whether they separate sepsis from non-septic 

and healthy controls. 

IV  To compare the diagnostic performance of neutrophil CD64 to that of widely 

used biomarkers CRP and PCT in sepsis, and to investigate whether their 

combination improves sepsis diagnostics in ICU setting using post-test 

probabilities. 
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4 Patients and methods 

4.1 Patients, design and study setting 

The study was performed in a mixed adult tertiary level Intensive Care Unit at Oulu 

University Hospital in Oulu, Finland. The flow cytometry was done in Hematology 

Laboratory of Nordlab Oulu, Oulu University Hospital. The study was divided into 

four sub studies hereafter referred to as study I-IV corresponding to the list of 

original publications. The study I was cross-sectional, and the studies II-IV were 

prospective observational longitudinal studies (Table 7). The local Ethics 

Committee of Oulu University Hospital and the Oulu University Hospital, 

Department of Operative Care approved the study protocol. The patient material 

was collected between April 2009 and March 2012, so that the sepsis patient 

material was collected between April 2009 and May 2011, and collection of 

controls continued to March 2012. Written informed consent was obtained from the 

patients or a legal surrogate in studies II-IV. In study I, no other data than gender 

and age was collected, and the blood samples were taken during routine sampling 

in terms of laboratory quality monitoring. 
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Table 7. Patients and study setting. 

Study Subjects Design Study question Main outcome 

variable

Method 

I 5 sepsis patients 

and 5 healthy 

volunteers. Totally 

40 specimens 

Cross-sectional Preanalytical and 

analytical factors 

affecting flow 

cytometry 

Anticoagulant, 

handling 

temperature, 

storage

Flow cytometry 

II 27 sepsis 

patients, 7 

OPCAB patients, 

8 non-SIRS ICU 

patients, 10 

healthy volunteers 

Prospective 

observational 
Differences of 

CD11b and CD64 

in different patient 

groups 

CD11b and CD64 

expression 
Flow cytometry 

III 27 sepsis 

patients, 7 

OPCAB patients, 

8 non-SIRS ICU 

patients, 10 

healthy volunteers 

Prospective 

observational 
Differences of 

CD14, CD40, 

CD80, HLA-DR 

and CD69 in 

different patient 

groups 

CD14, CD40, 

CD80, HLA-DR 

and CD69 

expression 

Flow cytometry 

IV 27 sepsis 

patients, 7 

OPCAB patients, 

8 non-SIRS ICU 

patients 

Prospective 

observational 
Diagnostic 

performance of 

CD64, CRP and 

PCT 

CRP, PCT, CD64 

expression 
Accredited 

laboratory 

measurements, 

Flow cytometry 

4.1.1 Study subjects 

The material of the study I consisted of five sepsis patients treated at the ICU and 

five healthy volunteers who were staff at the Oulu University Hospital. From every 

study subjects, totally four blood samples were taken: two with heparin and two 

with ACD as an anticoagulant, both of which one sample in room temperature and 

one at +4°C, the total number of specimens being 40. Every sample was stained 

and then analyzed three times. Besides age, gender, and blood samples for flow 

cytometry, other demographics or laboratory tests were not collected. 

The patient material of studies II-III consisted of ICU treated sepsis patients 

with a sign of at least one organ dysfunction (sepsis group), formerly known as 

severe sepsis (Singer et al., 2016), patients who had elective off-pump coronary 

artery bypass surgery (OPCAB group), and ICU patients without systemic 

inflammation in the beginning of the treatment (non-SIRS ICU group). The two 
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latter were in later analyses combined to one control group (non-septic ICU group). 

Besides, ten healthy volunteers, who were staff at the Oulu University Hospital, 

were recruited as controls. Written informed consent was obtained from patients or 

their family. Inclusion and exclusion criteria were explained in study II. The patient 

material of study IV consisted of sepsis patients and non-septic ICU controls. 

4.1.2 Clinical data and laboratory tests 

From the patients, demographics and clinical data was collected (II-IV). Besides, 

laboratory tests (IV) as wells as blood cultures (BactAlert, Biomerieux, Marcy 

l'Etoile, France) and other microbiological samples were analyzed by standard 

methods in the accredited laboratory (Nordlab Oulu) (II-IV) (Table 8).  

Table 8. Demographics and other data collected in patients in studies II-IV. 

Data collected Method 

Demographic Age, sex, comorbidities (coronary artery disease, chronic obstructive 

pulmonary disease, asthma, diabetes, chronic renal disease, 

rheumatoid arthritis), mortality (ICU, D7, D28, 3 months, 6 months), 

length of stay at ICU and in hospital, operation during ICU treatment 

Clinical data APACHE II, SOFA (D0 and peak) 

Laboratory tests Accredited laboratory of Oulu University Hospital (Nordlab Oulu): C-

reactive protein, procalcitonin 

Microbiological methods Accredited laboratory of Oulu University Hospital (Nordlab Oulu): Blood 

culture, respiratory samples (sputum, bronchial aspirate, BAL), 

operative samples (abdominal, tissue samples), urine culture, antigens 

4.2 Flow cytometry 

Antibodies used for cell-labelling are listed in Table 9. In study I, flow cytometry 

was performed using quantitative flow cytometry with ACD and heparin tubes, 

with analysis temperature of +4°C and room temperature and analysis time points 

of 1 hour, 6 hours and 24 hours, in more detailed explained in study I. In studies II-

IV, flow cytometry was performed using quantitative flow cytometry using ACD 

tubes and +4°C temperature throughout the analysis and within 6 hours of sampling. 
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Table 9. Antibodies used for cell labeling. 

Antibody Producer Study 

CD3-PerCP (clone SK7) BD Biosciences (San Jose, CA, USA) I, III 

CD4-FITC (clone SK3) BD Biosciences (San Jose, CA, USA) I, III 

CD8-APC (clone SK1) BD Biosciences (San Jose, CA, USA) I, III 

CD11b-PE (clone D12) BD Biosciences (San Jose, CA, USA) I, II 

CD14-FITC (clone MφP9) BD Biosciences (San Jose, CA, USA) I, II, III 

CD14-PerCP (clone MφP9) BD Biosciences (San Jose, CA, USA) I, II, III, IV 

CD16-FITC (clone NKP15) BD Biosciences (San Jose, CA, USA) I, II, III 

CD16-PE (clone B73.1) BD Biosciences (San Jose, CA, USA) I, II, III, IV 

CD19-APC (clone SJ25C1) BD Biosciences (San Jose, CA, USA) I, III 

CD40-FITC (clone 5C3) BD Biosciences (San Jose, CA, USA) I, III 

CD56-FITC (clone NCAM 16.2) BD Biosciences (San Jose, CA, USA) I, III 

CD64-FITC (clone 22(FCγR1)) Beckman Coulter (Brea, CA, USA) I, II, IV 

CD69-PE (clone L78) BD Biosciences (San Jose, CA, USA) I, III 

CD80-PE (clone L307.4) BD Biosciences (San Jose, CA, USA) I, III 

HLA-DR-PE (clone G46-6) BD Biosciences (San Jose, CA, USA) I, III 

IgG1k-PE (clone X40) BD Biosciences (San Jose, CA, USA) I, II, III, IV 

Simultest IgG1/IgG2a-PE (clone X39/X40) BD Biosciences (San Jose, CA, USA) I, II, III, IV 

4.3 Statistical methods 

Statistical analysis was performed using PASW statistics 18 (IBM, Chicago, IL, 

USA) (I), SPSS statistics 20 (IBM, Chicago, IL, USA) (II-II) and SPSS statistics 

22 (IBM, Chicago, IL, USA) (IV) and appropriate tests (Table 10). P-value of less 

than 0.05 was considered statistically significant in all analyses. Consultation with 

professional medical biostatistician was used. 
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Table 10. Statistical methods. 

Study What was tested Test 

I Antigen expressions between different 

anticoagulants, storage time and 

temperature 

Wilcoxon signed-rank test, Friedman’s test, 

II Demographic data between the groups. 

Monocyte and neutrophil CD11b and CD64 

expressions between groups and within 

groups in different time points. The 

diagnostic accuracy of antigen expression. 

Fisher’s exact test, Kruskal-Wallis test, 

Mann-Whitney test, Friedman’s test, 

Receiver operating characteristics (ROC) 

analysis, cut-off values identified by 

Youden’s method 

III Demographic data between the groups. 

Expressions of monocyte CD14, CD40, 

CD80 and HLA-DR, as well as CD69 on 

CD4+ and CD8+ T-cells, B cells and NK 

cells between groups and within groups in 

different time points. The diagnostic 

accuracy of antigen expression. 

Fisher’s exact test, Kruskal-Wallis test, 

Mann-Whitney test, Friedman’s test, ROC 

analysis, Youden’s method 

IV Demographic data between the groups. 

The diagnostic accuracy of CD64, CRP, 

PCT. Multiple marker analysis with 

combinations of CRP, PCT, CD64 

Chi-squared test, Fisher’s exact test, Mann-

Whitney test, ROC analysis, Youden’s 

method, post-test probability calculations 
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5 Results 

5.1 Standardization of the quantitative flow cytometry 

The flow cytometric analysis of antigen expression was affected by sample storage 

temperature and storage time from sampling to analysis (I) (Figure 8). In ACD 

samples, all except for CD69 on CD4+ T cell and NK cells and monocyte CD80, 

whereas in heparin samples all antigens had higher fluorescence intensity at room 

temperature compared to +4°C already after 1 hour storage (I). In ACD 

anticoagulated samples, monocyte CD80 and NK cell CD69 were higher at room 

temperature compared to +4°C samples after 6 hour storage, while CD4+ T cell 

CD69 was higher after 24 hour storage (I).  

In +4°C samples, monocyte CD64 fluorescence intensity decreased after 6 

hour storage in both anticoagulants (I). In room temperature samples, the 

fluorescence intensity of all antigens increased after 24-hours storage (I). 

Especially CD11b, CD14 and HLA-DR were affected by room temperature during 

storage and already at 1h-time-point (I).There were no great differences between 

the anticoagulants ACD and heparin. However, ACD tended to be easier to use with 

less debris, which facilitated the cell population definition in analyses (I). 



62 

Fig. 8. Leukocyte surface molecule expression (median) in the ten study subjects with 

different anticoagulant, temperature and time of storage (I). P values (Friedman’s test) 

indicate the changes during 24h-storage within a group. 
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5.2 Patients in studies II-IV 

The same twenty-seven sepsis patients, seven OPCAB patients and eight non-SIRS 

ICU patients (three traumas, two intoxications, one cerebral hemorrhage, one intra-

abdominal hemorrhage, and one convulsion) were included in the studies II-IV, the 

total number of patients being 42. Besides, ten healthy volunteers served as controls. 

The demographics as well as exclusions were explained in study II. Besides the 

study subjects, totally 253 patients with sepsis were treated in the ICU during the 

study period Table 11 showing that the study subjects had longer stay in the ICU 

and higher admission SOFA. The twenty-seven patients were included in the study 

since they met the inclusion criteria when laboratory facilities for the study protocol 

including consecutive sampling on normal working days were available. 

Of the 27 sepsis patients included in the study, eleven patients had positive 

blood culture: Staphylococcus aureus (n=1), Escherichia coli (n=5), Haemophilus 

influenzae type B (n=1), Pseudomonas aerungiosa (n=1), Enterobacterium cloacae 

(n=1), Capnocytophaga canimorsus (n=1), and Eubacterium lentum (n=1). Besides, 

one patient had positive blood culture for Candida albicans later during the 

treatment at ICU (D5). Other microbiological findings of the sepsis patients are 

represented in Table 12. The primary foci of the infection were bacterial pneumonia 

(n=8); intra-abdominal infection (n=8); urine tract infection (n=3); and bone, joint, 

skin, or connective tissue infection (n=8). 

Table 11. Demographics of sepsis patients treated at ICU of Oulu University Hospital 

during the study period (April 2009 – May 2011). 

Demographic Sepsis patients P 

 Study subjects in studies 

II-IV (n=27) 

Other sepsis patients at 

ICU (n=253) 

 

Age (years) 65.9 (57.9 – 76.3) 64.4 (54.1 – 75.0) 0.748 

Male Sex 15 (56%) 153 (60%) 0.681 

Length of stay at ICU 

(days) 

5.7 (2.3 – 9.0) 2.7 (1.2 – 5.6) 0.002 

APACHE II 21 (15 – 24) 20 (14 – 25) 0.705 

SOFA (D0) 9 (6 – 11) 6.5 (4 – 9) 0.003 

Mortality (ICU) 4 (15%) 36 (14%) >0.900 
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Table 12. Microbiological findings other than blood culture in sepsis patients in studies 

II-IV. 

Origin and microbe Number of cases 

Lungs  

Community-acquired pneumonia  

Staphylococcus aureus 1 

Escherichia coli 1 

Mixed flora 5 

Total 7 

Hospital-acquired pneumonia  

Escherichia coli 1 

Staphylococcus aureus 1 

Streptococcus alfahaemolyticus 1 

Mixed flora 3 

Candida albicans 1 

Total 7 

Total lungs 14 

Abdomen  

Mixed flora 3 

Total 3 

Urine  

Escherichia coli 3 

Staphylococcus aureus 2 

Enterococcus –species 1 

Pseudomonas aerungiosa 1 

Candida –species  2 

Total 9 

Soft tissue, bone, and joint  

Staphylococcus aureus 1 

Streptococcus betahaemolyticus 1 

Escherichia coli 2 

Mixed flora 3 

Total 7 

Antigens  

Herpes simplex virus type 2 (Bronchus) 2 

Streptococcus pneumoniae (Urine) 2 

Total 4 
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5.3 Leukocyte surface antigen expression and kinetics in sepsis, 

non-SIRS ICU controls and OPCAB patients 

The expression of monocyte and neutrophil CD11b (II), neutrophil CD64 (II), 

monocyte CD40 (III), and CD69 expression on CD4+ T cells and NK cells (III) 

separated sepsis from the other groups (Figure 9), and in sepsis, the expression of 

monocyte and neutrophil CD11b and CD64 (II), monocyte CD40 and CD80 (III) 

and CD69 expression on NK cells (III) were highest on D0 and decreased over time 

(Figure 9). 

The expression of monocyte and neutrophil CD11b (II), monocyte CD14, 

CD80 and HLA-DR as well as lymphocyte CD69 was in the levels of healthy 

controls after several months of study admission in those eight sepsis patients who 

attended long-time follow-ups, whereas the expression of monocyte and neutrophil 

CD64 (II) and monocyte CD40 was higher (Figure 9).  

In OPCAB group, the expression of monocyte and neutrophil CD64 (II), 

monocyte CD40 (III) and CD69 on CD8+ T cells increased while monocyte HLA-

DR (III) expression decreased after surgery (Figure 9). In non-SIRS ICU group, 

neutrophil CD64 expression increased (II), whereas there were no significant 

changes in other antigens investigated during the 3-day period (II and III) (Figure 

9). 

In healthy controls, the antigen expression of CD11b (II), CD64 (II), CD40 (III) 

and CD80 (III) was lower than in patient groups. In HLA-DR, the expression was 

higher in healthy controls than in patient groups (III) (Figure 9). 
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Fig. 9. Leukocyte surface molecules (medians with 25th and 75th percentiles) on (A and 

B) neutrophils, (C to H), monocytes and (I to L) lymphocytes (II and III). PD0
 and PPEAK 

(Kruskal-Wallis test) indicate differences between the groups, whereas PSEPSIS 

(Friedman’s test) changes during time (D0-D2) in sepsis. Sepsis patients: n=27 (D0), 

n=26 (D0, CD40, CD80), n=25 (D1), n=20 (D2), n=19 (D2, CD11b), n=8 (Follow-up). 
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5.4 Leukocyte surface molecules and commonly used biomarkers 

in sepsis diagnostics, and in prediction of positive blood 

culture, multiple organ failure (MOF) and early mortality 

Initial (D0 value) neutrophil CD64 had the highest area under curve (AUC) of 0.99 

with sensitivity of 100% and specificity of 93% in separating sepsis from non-

septic ICU controls (non-SIRS ICU and OPCAB patients combined, peak values) 

compared with other leukocyte surface molecules, PCT and CRP (Figure 10, Table 

13) (II-IV).  

Monocyte and neutrophil CD11b, B lymphocyte CD69 as well as CRP 

predicted early mortality (<7 days, n=6), while PCT and CD14, CD64 and CD80 

antigen expression on monocytes predicted multiple organ failure (MOF, n=19) 

based on at least two single organ failures (SOFA score of three or more, see 

appendices), and CD69 antigen expression on NK cell and monocyte CD40 

predicted positive blood culture among sepsis patients (III) (Figure 11). 
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Fig. 10. Results of the receiver operating characteristics (ROC) analyses for sepsis 

detection (II-IV). The D0 values of the sepsis patients were compared to peak values of 

the controls (OPCAB and non-SIRS ICU combined). Sepsis patients: n=27, n= 26 (CD40), 

n=25 (PCT); Non-septic patients: n=15, n=14 (PCT). 
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Table 13. Results of the receiver operating characteristics (ROC) analysis of sepsis 

diagnostics (II-IV). 

Variable Cut-off Sens. Spec. LR+ LR- 

NeCD11b (MESF) 21760 0.70 0.80 3.5 0.38 

NeCD64 (MESF) 9172 1.00 0.93 14.1 0.011 

MoCD11b (MESF) 17845 0.70 0.80 3.5 0.38 

MoCD64 (MESF) 139668 0.44 0.93 6.3 0.60 

MoCD40 (MESF) 4319 0.69 1.00 69 0.31 

NKCD69 (MESF) 199 0.82 0.80 4.1 0.23 

CD4+TCD69 (MESF) 190 0.63 0.87 4.8 0.43 

PCT (µg/l) 0.42 0.96 0.79 4.6 0.051 

CRP (mg/l) 218 0.56 0.93 8.0 0.47 

The D0 value of sepsis patients was compared to the peak value of non-SIRS ICU controls. The 

sensitivities and specificities were determined according to Youden’s index. The positive and negative 

likelihood ratios (LR) were calculated from sensitivities and specificities (for values of 1.00, 0.99 was used 

in calculations). 
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Fig. 11. Leukocyte surface molecules and laboratory tests (medians with 25th and 75th 

percentiles), which predicted early mortality (D<7, n=6) or multiple organ failure (n=19) 

or identified positive blood culture (III, n=11) among sepsis patients (n=27).*P<0.05, 

**P<0.01 (Mann-Whitney) 
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5.5 Multiple marker approach in sepsis diagnostics in ICU using 

post-test probabilities 

A post-test was assessed to compare the probability of sepsis after positive or 

negative test result to the pre-test probability (0.105) which was determined as the 

incidence of sepsis in Finnish ICU (Karlsson et al., 2007) (Table 14) (IV). 

Neutrophil CD64 improved the diagnostic performance of PCT and CRP (IV) as 

well as other leukocyte surface markers in post-test analysis (Table 14). Combining 

positive neutrophil CD64 with positive CRP provided post-test probability of 0.93 

and with positive PCT provided post-test probability of 0.88 for sepsis, whereas 

combining neutrophil with both positive CRP and PCT provided post-test 

probability of 0.98 for sepsis (IV). Positive result of neutrophil CD64 combined 

with positive result of monocyte CD40 provided the best post-test probability (0.99) 

for sepsis, while negative result of neutrophil CD64 combined with negative result 

of any of the other parameters provided post-test probability of <0.001. 

Table 14. Multiple marker analysis using post-test probabilities for sepsis combining 

neutrophil CD64 with the best of other surface molecules, CRP and PCT (IV). 

Variable Neutrophil CD64+ (0.62) Neutrophil CD64- (0.0013) 

Test+ Test- Test+ Test- 

Surface molecule (MESF)     

NKCD69 0.87 0.27 0.0051 <0.001 

MoCD40 0.99 0.34 0.080 <0.001 

MoCD11b 0.85 0.38 0.0044 <0.001 

NKCD69 + MoCD40 + MoCD11b >0.99 0.042 0.56 <0.001 

Laboratory test     

PCT (µg/l) 0.88 0.078 0.0057 <0.001 

CRP (mg/l) 0.93 0.44 0.010 <0.001 

PCT + CRP 0.98 0.038 0.044 <0.001 

The likelihood ratios (LR) were calculated from sensitivities and specificities received from ROC-analysis 

(Figure 10, Table 13) and pre-test probability (0.105) was the incidence of sepsis in Finnish ICU 

(Karlsson et al., 2007). The following equations were used: pre-test ODDS x LR (parameter 1) x LR 

(parameter 2) = post-test ODDS, post-test probability (P) = ODDS / ODDS + 1, ODDS = P / 1 - P. 
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6 Discussion 

6.1 General discussion 

This was a single-center study conducted in Oulu University Hospital in years 

2008-2012, consisting of a cross-sectional part with both ICU patients and healthy 

volunteers included (I) and a prospective part (II-IV). In this study, a special 

emphasize was addressed to methodological aspects in quantitative flow cytometry. 

The method was standardized in study I and the same method was used throughout 

the studies II-IV. 

In studies II-IV, there were 27 ICU treated patients with sepsis. The sepsis 

diagnosis was based on laboratory or clinically confirmed infection with two or 

more SIRS criteria and a sign of at least one organ dysfunction (Bone et al., 1992; 

Levy et al., 2003), formerly known as severe sepsis (Singer et al., 2016). As Table 

11 shows, the age, gender, APACHE II score and mortality related properly to the 

other sepsis patients treated at the ICU during the study period, but the study 

subjects had more severe form of the disease than the other sepsis patients in regard 

of SOFA-score and length of ICU treatment. In the current study, majority of the 

sepsis patients had septic shock (Levy et al., 2003). Of the 27 sepsis patients, eleven 

had positive blood culture with majority of gram negative bacteria E. coli being the 

most common microbe. In contrast, in previous studies gram positive infections 

were more common (Karlsson et al., 2007; Ylipalosaari, Ala-Kokko, Laurila, 

Ohtonen, & Syrjala, 2006). The difference might be explained due to relatively 

small patient material of the current study as well as the strict inclusion criteria. 

The foci distribution of infection was similar to a Finnish nationwide study with 

most common focus in lungs and abdomen (Karlsson et al., 2007). 

In studies II-IV, the ICU controls were patients without systemic inflammation 

in the beginning of ICU treatment and those who underwent cardiac surgery. This 

setting provided heterogeneous ICU controls without sepsis and showed to what 

extend a major surgery induces leukocyte surface molecule activation. The OPCAB 

surgery patients were chosen, since extracorporeal circulation has been reported to 

activate leukocytes (Greilich et al., 2008). The significantly elevated CRP values 

in controls proof that they were in area of uncertainty in regard of need of 

antimicrobial therapy. The controls were of similar age, but had lower ICU scores 

SOFA and APACHE II than sepsis patients leaving the possibility that the 

differences in antigen expressions between the groups were only a reflection of 
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disease severity, and thus in regard of disease severity, the optimal control group 

could have been patients with severe burns or pancreatitis for instance. However, 

those patients may have underlying severe infections as well (Besselink et al., 2009; 

Fitzwater, Purdue, Hunt, & O'Keefe, 2003). The ten healthy controls had quite 

similar gender distribution but were slightly younger than the patients. 

Studies II and III considered surface molecule kinetics so that study II 

consisted of CD11b and CD64, and study III consisted of monocyte CD14, CD40, 

CD80 and HLA-DR as well as lymphocyte CD69. The division seemed reasonable 

since there were many different kind of antigens. In principle, studies II and III 

could have been combined, but in that case the analysis of a single antigen would 

have been too approximate. 

In studies II-IV, the patient material was rather small due to strict patient 

inclusion criteria and the aim to investigate the surface molecule kinetics requiring 

sampling on consecutive days with the availability of the flow cytometry only on 

laboratory working hours. This also caused the rather long collection time of the 

material. In this study, however, the flow cytometer was regularly calibrated and 

all the samples were stained and analyzed by the same professional laboratory nurse 

minimizing the variety of the analysis. Another approach would have been a setting 

of collecting only a single sample from a patient, e.g. at admission to ICU or ER, 

which could have accomplished a larger patient material (Cid et al., 2011; Davis et 

al., 2006; Gamez-Diaz et al., 2011; Hsu et al., 2011). Our results on antigen kinetics 

with highest expression on early days of treatment of sepsis (II, III), however, now 

proof that single sample analysis is sufficient in the future studies of sepsis patients 

admitted to ICU in regard of early diagnosis. Though, consecutive sampling would 

be beneficial for monitoring the immune status of a patient or in detection of a new 

infection in ICU (Dimoula et al., 2014; Wu et al., 2011).  

The study was one-centered because of the strict methodological requirements 

e.g. storage time and temperature of the samples. Due to small patient material, 

some findings may have remained unrevealed. For example, the comparison 

between gram positive and gram negative sepsis could not have been done due to 

small number of cases. However, the strict methodological and inclusion criteria 

provided proper data for analysis, and the standardization allows repeatability. 

Statistical analysis were made with a consultation of a medical biostatistician. 

Small sample size and several statistical comparisons will leave the possibility that 

some significant differences may have happened by chance. However, more 

conservative approach with p-value corrections might have removed clinically 

significant findings. Given the small number of patients and the setting of clearly 
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selected patient groups, the findings should be verified with larger material and 

randomly selected patients with a multi-center approach. 

The local Ethics committee of Oulu University Hospital approved the study 

protocol before beginning the collection of the samples. Participating in the study 

did not affect the normal treatment of the patients. 

Despite the limitations, the findings of this study are generalizable in regard of 

quantitative flow cytometry analysis reporting MESF values with same antibodies 

and similar staining process as in this study. The results of the diagnostic 

performance of leukocyte surface molecules from this study can be generalized for 

ICU treated patients improving detection of sepsis in ICU. Besides, they can be 

used in diagnostic aid in postoperative patients with suspicion of sepsis and may be 

useful in monitoring if patients admitted to ICU without systemic inflammation 

develop sepsis. The expression of the surface molecules was highest in the early 

days of the treatment of sepsis in ICU, so these findings may hypothetically be 

useful also in emergency departments when making differential diagnostics in 

patients with acute severe illness. 

6.2 Flow cytometry as a method in sepsis diagnostics 

Flow cytometric analysis requires special professional skills which may inhibit its 

wider use during out-of-office hours especially in smaller centers. The six-hour 

time range, however, provides opportunity for several-hour transport, and thus for 

collection of samples from hospitals with no access to flow cytometer. More 

automated methods, such as Leuko64 kit may be helpful in the future (Davis et al., 

2006), although in those studies using Leuko64 kit, the diagnostic performance of 

neutrophil CD64 for sepsis seemed to be lower according to meta-analyses (Cid, 

Aguinaco, Sanchez, Garcia-Pardo, & Llorente, 2010; S. Li et al., 2013). Reporting 

standardized MESF values, as in the current study, could be one solution of making 

studies comparable and developing generalizable cut-off values for leukocyte 

surface molecules (Venet et al., 2011). 

According to this study, leukocyte surface molecule expression is affected by 

pre-analytical and analytical factors including sampling and analysis temperature 

and sample storage (I). The optimal circumstances for flow cytometric leukocyte 

analysis was to use cold temperature and to analyze the samples within 6 hours. 

The room temperature and the up-to-24-hour storage ended up in increased 

fluorescence intensity especially in monocyte and neutrophil CD11b and monocyte 
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CD14 and HLA-DR, which should be taken into consideration when designing 

studies (I).  

It can be speculated whether some previous results concerning leukocyte 

surface antigens may be partly explained by pre-analytical and analytical factors, 

which regarding CD11b has been also previously discussed (Latger-Cannard et al., 

2004). Neutrophil CD64 seemed to be more stable as also previously reported 

(Elghetany & Davis, 2005). The anticoagulant used in sample collection has been 

also previously reported to influence the analysis with a report of EDTA possibly 

influencing the results (Repo et al., 1995), which may also explain the variation of 

previous studies (Brunialti et al., 2006; Russwurm et al., 2002), the other 

performed with EDTA (Brunialti et al., 2006). In our analysis, ACD and Heparin 

seemed to function similarly, and despite some differences, which were pronounced 

effect of increase in fluorescence intensities after storage at room temperature in 

heparin samples and slightly smaller intensities of fluorescence intensities at +4 °C 

in some ACD samples, we found them quite equal. However, ACD was favored in 

our analyses since it tended to be easier to define some cell populations with lesser 

cell debris (I). That may, though, hypothetically affect the results. 

6.3 Leukocyte surface molecule kinetics in sepsis, OPCAB and 

non-SIRS patients 

Most of the surface molecules studied were highest in the first days of treatment 

suggesting that the sampling for diagnostic purposes is relevant in the beginning of 

the treatment in ICU (II-III). The similar trend has been shown previously (Barth 

et al., 2001; Fjaertoft et al., 2007). It has been suggested that daily measurements 

of neutrophil CD64 could be helpful to monitor the treatment with persistently 

elevated CD64 in those sepsis patients receiving inadequate antibiotic treatment or 

with inadequate source control (Dimoula et al., 2014). In the current study, the first 

samples for flow cytometric analysis were taken a median of 19 hours from the 

beginning of sepsis related organ failure in ICU. However, the time range from the 

beginning of sepsis to the need for intensive care may vary, and thus the patients 

could have represented different inflammatory stage, which may have an effect on 

the results. Simultaneous measurement of pro-inflammatory and anti-inflammatory 

cytokines could have been helpful to determine whether a patient represented pro-

inflammatory or anti-inflammatory stage. 

Monocyte HLA-DR was low in all the patient groups, decreasing to the levels 

of sepsis after surgery in OPCAB patients, but was not diagnostic for sepsis (III) 
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confirming the previous studies that HLA-DR is decreased in different kind of 

critically ill patients. However, as previously suggested (Venet et al., 2011), HLA-

DR might be used to monitor the immune dysfunction in the critically ill patients, 

which is supported by the finding that it returned in the levels of the healthy in 

surviving sepsis patients at the follow-up sampling in this study. According to 

previous studies, it is, however, controversial whether low HLA-DR can be used as 

an outcome marker in critically ill patients (Trimmel et al., 2012; Wu et al., 2011).  

During the follow-up period sepsis patients had increased expression of CD64 

and monocyte CD40 compared to healthy controls. Other antigens were in the 

levels of healthy controls at that time. To the best knowledge, this is the first study 

reporting that kind of follow-up sampling. There is some evidence that sepsis leaves 

some long-term effects to the immune system (Arens et al., 2016; Condotta, Rai, 

James, Griffith, & Badovinac, 2013) as it causes other long-term problems such as 

muscle weakness and neurocognitive problems to patients (Griffiths & Hall, 2010; 

Iwashyna et al., 2010). Because a small number of patients attended the follow-up, 

the possible long-term effects require further studies with larger patient population. 

In this series, neutrophil CD64 expression increased in non-SIRS ICU patients 

(II), but there were no significant changes in other studied surface molecules (II-

III). In patients with OPCAB surgery the monocyte and neutrophil CD64 

expression increased after surgery (II) similarly as reported earlier (Kolackova et 

al., 2008). Neutrophil CD11b increase has been proposed to be a marker of renal 

failure after “on-pump” cardiac surgery (Rinder et al., 2003). In our series, however, 

none of the OPCAB patients developed renal failure according to renal SOFA-score. 

Monocyte CD40 slightly increased after surgery (III) in contrast to another study 

reporting decreased monocyte CD40 expression on the first postoperative day after 

“off-pump” cardiac surgery (Holmannova et al., 2016). Some differences compared 

to other studies could be explained by the small number of patients in our control 

groups. The low expression of e.g. neutrophil CD64 in ICU controls suggest that 

its significantly elevated expression in those groups could be a sign of an infection 

complication in ICU (Dimoula et al., 2014). 

6.4 Leukocyte surface molecules in sepsis diagnostics 

Our results showed that neutrophil CD64 was the best individual marker for sepsis 

diagnostics (II-IV). In the present study, the cut-off value with the best combined 

sensitivity and specificity was 9172 (MESF) (II). The results support the findings 

in previous large studies of neutrophil CD64 among ICU patients (Dimoula et al., 
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2014; Hsu et al., 2011), and the current study supports the wider use of neutrophil 

CD64 in ICU similar to a previous study (Dimoula et al., 2014). The general cut-

off value for sepsis has not been demonstrated, and in the future, using MESF 

values could be useful (I) as discussed earlier. Neutrophil CD64 was not able to 

distinguish between blood culture positive and blood culture negative sepsis. 

Similarly, neutrophil CD64 did not separate viral and bacterial pneumonia in an 

earlier study in hospital ward (Hohenthal et al., 2006). Thus, it could be that 

neutrophil CD64 is an unspecific marker for infection or inflammation. 

According to our results, CD11b, both on monocytes and neutrophils, was a 

promising marker for identifying sepsis separating septic patients and ICU controls 

(II). The AUCs of 0.81 (monocyte CD11b) and 0.74 (neutrophil CD11b) were 

similar to a previous study of infection diagnostics among cancer patients (AUC 

0.8 for both monocyte and neutrophil CD11b) (Kallio et al., 2008). There are also 

differing results concerning CD11b (Brunialti et al., 2006; Martins et al., 2008; S. 

C. Silva et al., 2014), which, in part, may be due to the pre-analytical and analytical 

factors as well as timing of sampling as discussed earlier. In this study, CD11b was 

predictive for outcome with higher expression in those patients with early mortality. 

In another study, low CD11b was associated with mortality explained as attenuated 

immune reactions (Muller Kobold et al., 2000). It could be speculated that those 

sepsis patients who died in the current study had high pro-inflammatory response 

instead. Unfortunately, cytokine analyses were not performed in this study. 

Monocyte CD40 distinguished sepsis and controls (III) similar to previous 

studies (Nolan et al., 2008; Sugimoto et al., 2003). There is, however, lack of 

studies with ICU controls. In the current study, monocyte CD40 was also higher in 

those sepsis patients with positive blood culture, majority of which were gram 

negative. This might be useful in identifying the causing microbe, since in a 

European wide sepsis cohort, cultures were positive only in 60% sepsis cases 

(Vincent et al., 2006). Targeted antimicrobial therapy is crucial for the outcome of 

sepsis patients since improper therapy resulted in fivefold reduction in survival of 

severe sepsis patients (A. Kumar et al., 2009). There is some evidence that 

monocyte CD40 expression is induced by bacterial stimulus, especially E. coli 

(Manuzak, Dillon, & Wilson, 2012), and in a previous study monocyte CD40 was 

increased in gram negative sepsis (Janols et al., 2010). The ability of monocyte 

CD40 to distinguish underlying bacteria, however, requires further proofing.  
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6.5 Comparison with PCT and CRP and multiple marker analysis 

In the current study, the initial neutrophil CD64 was the best individual marker for 

sepsis diagnosis (II-IV). Initial PCT was second best, but initial CRP had similar 

AUC as monocyte CD11b, which was lower than that of monocyte CD40 and CD69 

on NK cells. CRP was lower on D1 in those sepsis patients who died. Peak PCT 

value was higher in those patients who developed MOF, but PCT did not predict 

outcome or positive blood culture unlike CD11b on monocytes and neutrophils 

(outcome) or monocyte CD40 (positive blood culture) as discussed earlier. These 

findings suggest that leukocyte surface antigens may improve the diagnostics of 

sepsis compared with CRP and PCT. 

As suggested earlier (Gibot et al., 2012; Grover et al., 2014; Han et al., 2015; 

Tsalik et al., 2012), combination of different markers improved the diagnostic 

performance also in the current study. We performed a post-test probability analysis, 

in which the positive or negative result of a marker increases or decreases the pre- 

test probability of the disease, which in the current study was the incidence of sepsis 

in ICU (Karlsson et al., 2007) (IV). Neutrophil CD64 improved the diagnostic 

performance of CRP and PCT resulting in post-test probability of 0.98 for sepsis if 

all the parameters were positive and <0.001 if all the parameters were negative. 

This finding supports the use of the combination of neutrophil CD64, PCT and CRP 

for improved sepsis diagnostics in ICU similarly as in a previous study (Bauer et 

al., 2016). 
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7 Clinical implications and future studies 

In the current study, neutrophil CD64 was the best marker of sepsis being better 

than commonly used CRP and PCT. There is some previous evidence using PCT in 

guiding antimicrobial therapy in certain patients (Schuetz et al., 2011), and there is 

some evidence that decreasing neutrophil CD64 expression is a marker of 

appropriate antimicrobial therapy (Dimoula et al., 2014). The next step then could 

be studying neutrophil CD64 guided antimicrobial therapy. Creating a panel of 

surface antigens, which includes diagnostic and prognostic markers, would be 

beneficial. Based on this study, the combination could be neutrophil CD64 and 

monocyte or neutrophil CD11b with either NK cell CD69 or monocyte CD40. In 

the future, this could be more facilitated, since the mass cytometers may provide 

high amount of information since more and more antibodies can be used 

simultaneously to make a comprehensive analysis of the immune functions 

(Gaudilliere et al., 2015). Monocyte CD40 and CD64 expressions were higher in 

the surviving sepsis patients compared to healthy in the present study. It would be 

interesting to study whether there are long-term effects on the immune system after 

sepsis (Arens et al., 2016; Condotta et al., 2013). There are also other promising 

surface markers, such as CD163 and its soluble form sCD163 (Feng et al., 2012; 

Groselj-Grenc et al., 2008), which should be studied in ICU population.  

In our study, monocyte CD80 expression did not differ between sepsis and 

preoperative values of OPCAB patients, and it has been also previously reported 

higher CD80 expression in dendritic cells evolved from monocytes from coronary 

artery disease patients in vitro (Dopheide et al., 2007). It would be interesting to 

further investigate whether leukocyte surface antigens serve as marker of common 

diseases, e.g. atherosclerosis. Since CD11b is an adhesion molecule with 

endothelium, it would be interesting to find out whether it is elevated in sepsis 

patients with thromboembolic complications and other thrombophilia patients 

(Pfluecke et al., 2016). Another interesting approach would be analyzing leukocyte 

surface antigens among patients with malignancy to investigate whether the antigen 

expression differ in patients with infection from those with malignancy (Kallio et 

al., 2008), and also to study leukocyte activation in other challenging infections, 

such as infective endocarditis (Bozbay & Uyarel, 2015). The use of more 

automated surface molecule analysis methods, such as Leuko64 (currently licensed 

to LeukoDx, Jerusalem, Israel) have provided simplified method to quantitatively 

define neutrophil CD64 expression (Davis et al., 2006), and there is also more 

automated method for monocyte HLA-DR (Accellix HLA-DR, LeukoDx) and, in 
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the future, there could be similar methods to other surface molecules facilitating 

the analyzing process. 

There are numerous biomarkers suggested for sepsis diagnostics. So far, the 

sepsis diagnosis is clinical and, due to complexity of sepsis, a single biomarker 

result might not be sufficient for clinical decision making. Instead, in the future, 

large panels of laboratory markers could be used to diagnose or stratify a risk of 

mortality, as in a recent multicenter study with a large cohort, a combination of 

biomarkers and clinical variables improved outcome prediction in septic shock 

(Wong et al., 2014). Developing polymerase chain reaction (PCR) methods for 

bacterial and fungal detection may provide improved microbiological diagnostics 

in septic patients (Banerjee et al., 2015; Timbrook, Boger, Steed, & Hurst, 2015). 

Genetic characteristics of the host probably have an influence on sepsis 

susceptibility and outcome (Giamarellos-Bourboulis & Opal, 2016). Achievements 

in analyzing immune cell signaling in critical illness may also improve detection 

and treatment of sepsis (Burnham et al., 2016; Hoogendijk et al., 2017). 
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8 Conclusions 

Based on this study, the following conclusions can be made: 

1. Leukocyte surface molecules were stable in pre-analytical conditions at +4°C 

temperature when analysis was performed within 6 hours. Some molecules 

(CD11b, HLA-DR, CD14) were largely influenced after storage at room 

temperature, and thus methodological aspects should be taken into 

consideration in leukocyte surface molecule analyses. Both ACD and heparin 

were acceptable anticoagulants in flow cytometric analyses. Moreover, the use 

of the MESF allows the comparison of different laboratories. Methodological 

matters may even explain some controversies in the results reported in earlier 

studies. 

2. Monocyte and neutrophil CD11b and CD64 expression were highest in the 

early phase of treatment of sepsis in ICU, followed by expression decrease in 

the following two days. In non-septic ICU controls, typically only minor 

changes in surface molecule expression occurred during 3-day time period, and 

after OPCAB surgery. Monocyte and neutrophil CD11b and neutrophil CD64 

distinguished between sepsis and ICU controls.  

3. Monocyte CD40 and CD69 on NK cells and CD4+ T cells separated sepsis and 

controls, and monocyte CD40 and CD69 on NK cells were highest in D0 in 

sepsis patients. CD40 slightly increased, whereas monocyte HLA-DR 

decreased to the levels observed in sepsis after OPCAB surgery. We present 

also evidence that higher expression of CD69 on NK cells and CD40 on 

monocytes may improve prediction of positive blood culture among sepsis 

patients in ICU. 

4. The initial neutrophil CD64 expression was a better marker for sepsis than 

initial CRP and initial PCT in the current study. Combination of neutrophil 

CD64 with CRP and PCT improved sepsis diagnostics in ICU in post-test 

analysis with the post-test probability of 0.98 for sepsis if all the parameters 

were positive and <0.001 if all the parameters were negative. 
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Appendices 

List of appendices: 

- List of  SIRS criteria 

- Table 15: SOFA score  

- Table 16: APACHE II score 

 

List of systemic inflammatory response syndrome (SIRS) criteria, two or more for 

SIRS (Bone et al., 1992). 

 

Temperature >38°C or <36°C 

Heart rate >90 beats per minute 

Respiratory rate >20 breaths per minute or partial carbon dioxide (PaCO2) 

<32 mmHg 

White blood cell count >12 x109/l or <4.0 x 109/l, or >10% immature forms 

Table 15. Sequential Organ Failure Assessment (SOFA) score.  

SOFA Score 0 (Normal) 1 2 3 4 

Respiration, 

PaO2/FiO2, 

mmHg (kPa) 

≥400 (53.3) <400 (53.3) <300 (40) <200 (26.7) and 

MV 

<100 (13.3) and 

MV 

Coagulation, 

Platelets x 103/L 

≥150 <150 <100 <50 <20 

Liver, Bilirubin, 

µmol/L 

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

Cardiovascular, 

Hypotension 

(Drug doses 

µg/kg/min) ≥ 1h 

MAP ≥70 

mmHg 

MAP <70 

mmHg 

Dopamine ≤5 or 

dobutamine 

(any dose)  

Dopamine >5 or 

E ≤0.1  or NE 

≤0.1 

Dopamine >15 

or E >0.1 or 

NE >0.1 

Central nervous 

system, GCS 

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

Renal, 

Creatinine, 

µmol/L or urine 

output 

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

<500 ml/day 

>440 or  

<200 ml/day 

PaO2 partial pressure of oxygen, FiO2 fraction of inspired oxygen, MV mechanical ventilation, MAP mean 

arterial pressure, E epinephrine, NE norepinephrine, GCS Glascow Coma Scale  

(Vincent et al., 1996) 
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Table 16. Acute Physiology and Chronic Health Evaluation (APACHE) II score.  

APS points Temperature Mean arterial pressure Heart rate 

 Respiratory rate Oxygenation Arterial pH 

 Serum Sodium Serum Potassium Serum creatinine 

 Hematocrit White blood cell count Glasgow Coma Scale 

Age points    

Chronic Health points Non-operative or 

emergency postoperative

Liver Cardiovascular 

  Respiratory Renal 

 Elective postoperative Immunocompromised  

Total score is the sum of APS (acute physiology score) points, age points and chronic health points. 

(Knaus, Draper, Wagner, & Zimmerman, 1985) 
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