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Dear colleagues,

Tribute to translation: Translational medicine has been defined as an ‘‘interdis-

ciplinary branch of the biomedical field to promote enhancements in prevention,

diagnosis, and therapies supported by three main pillars: benchside, bedside and

community’’ (Cohrs RJ, New Horizons in Translational Medicine 2014).
Over the last 25 years of sepsis research, numerous benchside success

stories stranded on the road to translation, by showing no incremental benefits

over standard care. ‘‘Death valleys’’ for translational progress in sepsis research

include limitations of benchside sepsis modeling or pitfalls in bedside sepsis

traditional trial designs thereby ignoring the heterogeneity of treatment effects.

Moreover, multiple sepsis definitions and terminologies have been used leading

to discrepancies in reported incidence and observed mortality.
However, there is hope on the horizon, coming from the next generation of

biomedical sepsis researchers who pay tribute to the obstacles in the translational

process: In February 2016, the SEPSIS-3 task force newly defined sepsis as a life-

threatening organ dysfunction caused by a dysregulated host response to infection and

systematically developed criteria for clinical operationalization (Singer M, JAMA

2016). Adaptive enrichment designs by using biomarkers for prognostic evaluation or

to predict treatment response have been recently proposed by researchers of the ARDS

network trials (Famous KR, AJRCCM 2017). Adaptive clinical trial designs for sepsis

had been developed by a group of researchers from Pittsburgh. These pragmatic trials

facilitate the investigation of several candidate treatments simultaneously, learn from

emergent discoveries and shorten timely conclusions compared to traditional trial

designs (Talisa VB, Frontiers in Immunology 2018). In 2017, a European Group on

Immunology of Sepsis (EGIS) had been established. EGIS, a multidisciplinary group,

consists of basic scientists, immunologists, infectious diseases and intensive care

medicine specialists with a shared primary research interest in sepsis immunology

(Bermejo-Martin JF, Shock 2018).
In 2017 a group of researchers initiated the Wiggers-Bernard Conference in

Vienna on pre-clinical sepsis modeling to identify a ‘‘Minimum Quality

Threshold in Pre-Clinical Sepsis Studies (MQTiPSS)’’) for improvement of

animal modeling in sepsis.
Recommendations were published simultaneously in three major journals

recently (Osuchowski MF, Intensive Care Medicine 2018; Shock 2018; Infection

2018). A large international trial (REMAP-CAP) will start in 2018 (Clini-

calTrials.gov Identifier: NCT02735707).
Finally, the German Sepsis Society will publish their S-3 guidelines on

sepsis management in 2019.
Tribute to Translation—the 9th international Weimar Sepsis Update 2019 is

dedicated to the four challenges of sepsis management: Bugs, Drugs, Damage
and Repair.

Get up to date on the current state of knowledge, top publications from top

researchers in basic and clinical research!

Kind regards

Prof. Markus Weigand Prof. Herwig Gerlach Prof. Frank M. Brunkhorst
President Vice President Managing Director
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Experimental Sepsis Research

004
Infection 2019

How lactobacilli antagonize pathogenicity of Candida albicans:
Lessons from in vitro gut models and a dynamic organ-on-chip
model

Last A (1,2), Gresnigt MS (1,), Graf K (1), Droege J (1), Maurer M

(2,4), Linde S (3), Westermann M (3), Jacobsen ID (1,2,5), Mosig A

(2,4), Hube B (1,5)

(1) Hans Knöll Institute, Microbial Pathogenicity Mechanisms, Jena,

Germany, (2) Center for Sepsis Control and Care, University

Hospital Jena, Jena, Germany, (3) Center for electron microscopy

Jena University Hospital, Jena, Germany, (4) Institute of Biochem-

istry, Jena University Hospital, Jena, Germany, (5) Friedrich Schiller

University, Jena, Germany

Introduction: The gut is the main origin of Candida albicans that

causes systemic infections in immunocompromised patients or patients

with damaged barrier functions. Here the fungus normally exists as a

harmless commensal that interacts with the host and microbiota.

However, removal or imbalance of the bacterial microbiota induced by

antibiotic treatment, for instance, can initiate fungal overgrowth—a

significant predisposing factor for disseminated candidiasis.

Objectives: Our aim was the establishment of an in vitro gut model,

where the fungal pathogenicity is reduced to a minimum by an

increased biological complexity.

Methods: To study the complex interactions between C. albicans,

lactobacilli (e.g. Lactobacillus rhamnosus) and intestinal epithelial

cells in a gut-like environment, we established a static in vitro

commensal gut model. In this model enterocytes (C2BBe1) and

mucus secreting goblet cells (HT29-MTX) represent the gut epithelial

barrier. Interactions between the epithelium, C. albicans, and lacto-

bacilli were characterized using different techniques, including LDH

measurement, assessment of adhesion, hyphal length, translocation,

and nutrient consumption. To test the antagonistic effect of lacto-

bacilli in more complex models, macrophages were introduced to the

static model. Moreover, we used our experimental setup in a dynamic

Intestine-on-Chip model, which consists of an additional endothelial

barrier next to the epithelial barrier and immune cells.

Results: Using the static in vitro gut model, we were able to show a

time-, dose-, and species-dependent protective effect of different

lactobacilli against C. albicans-induced cytotoxicity. This effect

required viable bacteria and the presence of host cells. Lactobacilli

affected hyphal elongation, translocation, and induced shedding of

hyphae and apoptotic host cells from the host cell surface at later

stages. Most likely, this loss of contact leads to the damage-protection

observed in the presence of bacteria. With the inclusion of macro-

phages to this model, we were able to strengthen this effect, resulting

in an even lower C. albicans translocation rate. To show that lacto-

bacilli can work antagonistically in different model systems, we next

used a much more complex intestine-on-chip model. In this model,

the translocation of C. albicans from the epithelial to the endothelial

side was reduced in the presence of lactobacilli.

Conclusions: Collectively, using various in vitro gut models, we

experimentally dissected the complex interactions of the human-as-

sociated pathogenic fungus C. albicans, the bacterial microbiota,

macrophages, and the epithelial barrier. Bacterial induced shedding of

fungal hyphae has been discovered as a novel potential mechanism of

antagonistic activities of lactobacilli towards pathogenic fungi.

Moreover, the antagonistic effects of lactobacilli were reproduced in

an Intestine-on-Chip model where lactobacilli reduced invasion into

circulating system mimicking the bloodstream.

Acknowledgement: The project was partially funded by the Bun-

desministerium für Bildung und Forschung (Infect-ERA FunComPath

[031L0001A] & Center for Sepsis Control and Care [01E01002]).
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Putative role of proteases in generating complement C5 and C3
fragments in the intestine after Experimental Sepsis

Chakraborty S (1), Scherr L (1,2), Stofner S (1,2), Braumueller S (1),

Palmer A (1), Schmid-Schoenbein GW (3), Heller MJ (4) and Huber-

Lang M (1).

(1) Institut fuer Klinische und Experimentelle Trauma-Immunologie,

Universitaetsklinikum Ulm, (2) Universitaet Ulm, (3) UC San Diego

Jacobs School of Engineering, UCSD Microcirculation Laboratory-

Center for Autodigestion Research, California, USA, (4) Oregon

Health & Science University, Center for Early Detection and

Advanced Research, Oregon, USA

Introduction: Sepsis is a known colossal challenge in the clinical

setting and experimental models have proven to be instrumental to

emulate and understand clinical conditions better. Previous studies

performed in sepsis patients and murine endotoxic shock models have

shown that increased systemic pancreatic proteases are a cause of

ensuing organ dysfunction (1, 2).

Objectives: Therefore, we wanted to look into the intestinal mucus

composition after experimental sepsis to evaluate if the local impact

of a heightened proteolytic activity modulated initial immune

responses.

Methods: Sham or Cecal liagtion puncture (CLP) was performed in

male C57bl6 mice aged 8-12 week old. Animals were euthanized

after 24 h and mucus from small intestine (jejunum) and large

intestine (colon) were obtained. A soluble fraction of the mucus was

prepared by adding Phosphate Buffered Saline to the mucus, with or

without protease inhibitors, sonicated and supernatant was collected

for measurement of complement factors and proteases respectively.

Results: After confirming through ELISA, we used western blot

analysis to look into C5 and C3 complement fragments, which were

copiously generated in the jejunum of CLP mice compared to sham

mice. However, this effect was not completely the same for colon

mucus samples of CLP mice. As these cleavage products could be due

to proteolytic activity, we measured non-specific total protease and

found that CLP mice had a higher protease content in their mucus. As

commercially available chromogenic substrates were unreliable for

protease activity measurements, we established the use of charge-

changing peptides as an analytical tool to measure specific protease

activity. We found MMP2/9 and elastase activities significantly

higher and no difference in trypsin activity in CLP jejunum mucus

versus sham mucus.

Conclusions: Therefore, during sepsis, locally generated complement

fragments could be due to higher protease content and may have

further immunopathological implication.

Acknowledgement: We are thankful to Prof. Schmid-Schoenbein and

Dr. Elaine Sworonski for helping us transfer their novel technique of

charge changing peptide substrates to test for proteolytic activity from

San Diego to Ulm.

References: (1) Proteolysis in septic shock patients: plasma pep-

tidomic patterns are associated with mortality Bauzá-Martinez, J.

et al. British Journal of Anaesthesia, Volume 121, Issue 5,

1065–1074. (2) DeLano FA, Hoyt DB, Schmid-Schönbein GW.

Pancreatic digestive enzyme blockade in the intestine increases sur-

vival after experimental shock. Sci Transl Med. 2013 Jan 23,

5(169):169ra11. https://doi.org/10.1126/scitranslmed.3005046.

S4 Abstracts

123

https://doi.org/10.1126/scitranslmed.3005046


008
Infection 2019

Early changes of luminal colonic microbiome in experimental
abdominal sepsis

Sydorchuk LI (1), Hrushko OI (2), Sydorchuk IY (1), Sydorchuk AS

(1), Plehutsa OM (2), Sydorchuk RI (1), Sydorchuk LP (1), Plehutsa

MD (2), Sydorchuk AR (1)

(1) Bukovinian State Medical University, (2) Acute and Emergency

Hospital Chernivtsi

Introduction: This experimental issue deals with microbiological

investigation of quantitative and qualitative composition of luminal

colonic microbiome in albino rats with abdominal sepsis within 6 h of

its initiation.

Objectives: The aim of the study is to clarify the early changes of

luminal colonic microbiome in experimental abdominal sepsis

Methods: Case–control experimental study conducted on 25 albino

rats with weight from 200 to 220 g: Ten intact animals (control

group) and 15 rats in basic group with abdominal sepsis. The content

of large intestine served as research material for microbiological

investigation with obtaining pure cultures of microorganisms. Popu-

lation level of microflora of large intestine content displayed in

logarithm of colony-forming units (lg CFU/g). In the current study,

few important indices had used for evaluation of character of

microbiota violations—constancy index, Margalef index, Berger–

Parker index, Simpson index.

Results: It had been observed the reduction of dominant Bifidobacteria

by 33.5%, Lactobacilli by 36.72%, Peptostreptococci by 2 times and

Enterococci by 2.5 times in the large intestine cavity of experimental

animals with abdominal sepsis within 6 h. However, quantitative dom-

inance in microbiocenosis of large intestine cavity increases for

opportunistic Bacteroides by 38.55%, Peptococci by 2.97 times, E. coli

by 9.17% and Proteus by 59.37%. Significantly increased role of

opportunistic Enterobacteriaceae in the formation of microbiota of large

intestine cavity in animals with abdominal sepsis after 6 h: Bac-

teroides—by 42.86%, Peptococci—by 3 times, E. coli—by 10.53%.

Opportunistic pathogenic Enterobacteriacea (genera Klebsiella,

Edwardsiella), which contaminate and colonize the large intestine cavity,

reach a moderate population level and microecological indexes.

Conclusions: The study of qualitative and quantitative composition,

micro-ecological indexes and coefficients that demonstrated interac-

tions and co-existence of main, additional and accidental gut

microbiome of albino rats with abdominal sepsis established minor

violations of species composition within 6 h after modelling: defi-

ciency of Bifidobacteria, Lactobacilli, Peptostreptococci on the

background of the increased number of conditionally pathogenic

bacteria. By constancy index, the frequency of occurrence, Margalef

index, Berger–Parker index and Simpson index, and by quantity

domination the role of Bifidobacteria, Lactobacilli, Peptostreptococci

and Enterococci in formation of microbiocenosis had evidently

decreased, meanwhile domination role of conditionally pathogenic

Enterobacteria, Escherichia, Bacteroides and Peptococcus had evi-

dently increased.
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Epithelial colonic biofilm after 12 h of experimental abdominal
sepsis

Sydorchuk LI (1), Hrushko OI (2), Sydorchuk IY (1), Sydorchuk AS

(1), Plehutsa OM (2), Sydorchuk RI (1), Sydorchuk LP (1), Plehutsa

MD (2), Sydorchuk AR (1)

(1) Bukovinian State Medical University, (2) Emergency Hospital

Chernivtsi

Introduction: Epithelial biofilm plays the role of a protective barrier

that inhibits the pathogenetic translocation of microorganisms, toxins,

antigens and other harmful substances of exogenous and endogenous

origin into the internal environment of an organism. So, disbalance of

it can lead to further complications of initially serious case of

abdominal sepsis.

Objectives: The aim of the study is to evaluate changes of epithelial

colonic biofilm after 12 h of experimental abdominal sepsis

Methods: The experimental study was conducted on 25 male unbred

albino rats [15 intact animals (control group) and 15 rats in basic

group with abdominal sepsis]. Animals with experimental abdominal

sepsis were withdrawn from the experiment after 12. During laparo-

tomy, visual inspection of the organs of the abdominal cavity and the

collection of material for microbiological examination were per-

formed. Under sterile conditions, about 3 cm of the distal part of the

colon was taken, which was used to isolate mucosal microflora with

its further identification.

Results: In the epithelium colonic biofilm of animals with experi-

mental abdominal sepsis, after 12 h of the modeling, a marked

deficiency of Bifidobacterium is formed with a decrease in their

population level by 54.20%, and Lactobacillus by 62.53%. In this

case, the number of intestinal E. coli increases by 49.30%, Entero-

cocci—by 22.46%, Clostridia—by 14.21%. In addition,

microorganisms that have contaminated the mucosa include Enter-

obacteriaceae of the genus Proteus, Klebsiella, and also P. niger:

Staphylococcus and yeast-like fungi of genus Candida, that reach a

moderate and high population level. The changes in the biotope leads

to the reformatting of the role of each taxon in the system of intestinal

microbiocenosis. The role of the most important in the composition of

mucosal microbiota, as well as according to the multifunctional value

in this biotope of bacteria of the genus Bifidobacterium, is reduced by

2.20 times, Lactobacillus—by 2.15 times. Also, the role of bacteria of

the genus Peptostreptococcus is reduced by 91.63%, Enterococcus—

by 84.44%. The role of conditionally pathogenic Enterobacteriaceae

grows substantially by 61.59%, Clostridia—by 5.56 times, Bac-

teroides—by 6.26%. The main microflora of the large intestine

includes anaerobic bacteria of the genus Bifidobacterium, Lacto-

bacillus, Bacteroides, Peptostreptococcus and non-pathogenic species

of Clostridium. Escherichia, Enterococcus form the additional

microbiota. In intact animals (control group), the ratio of anaerobes to

aerobes is 3.21 units, while in the experimental group of animals, the

ratio of anaerobes to aerobes is 0.78 units.

Conclusions: This is evidence of a deep violation of not only the

qualitative but also the quantitative composition of the mucus

microbiota of the colon.
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A 3D gut-on-chip model allows colonization with commensal
bacteria to study host-microbiome interaction during systemic
inflammation

Maurer M (1,2), Mosig AS (1,2)

(1) Center for Sepsis Control and Care, University Hospital Jena,

Germany, (2) Institute of Biochemistry II, University Hospital Jena,

Germany

Introduction: The intestinal epithelium forms an essential barrier to

prevent translocation of microorganisms, toxins or other potentially

harmful molecules into the blood stream. In particular, dendritic cells
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of the intestinal epithelium facilitate essential tolerance signals to

commensal microbiota of the gut flora and regulate an adapted

immune response against invading pathogens. Systemic inflammation

is typically associated with a dysregulation of this adapted immune

response and is accompanied with a disruption of the epithelial and

endothelial gut barrier which enables dissemination of pathogens

within the human body.

Objectives: To understand the pathophysiological mechanisms

underlying the inflammation-associated gut barrier breakdown, it is

crucial to elucidate the complex interplay of the host and the intestinal

microbiome. We established a microfluidically perfused three-di-

mensional gut-on-chip model to emulate these processes in the

presence of immune cells and commensal bacteria.

Methods: MOTiF (multi organ tissue flow) biochips made from

polystyrol were used for the establishment of the gut model. The

biochips are composed of two chambers separated by a micro-porous

membrane. Each chamber is connected to inlet and outlet channels

allowing independent perfusion of the individual channels and

application of microfluidic shear stress. Human umbilical vein

endothelial cells (HUVECs), monocyte-derived macrophages and

intestinal epithelial cells (Caco-2) were assembled on the biochip

membrane. Following 7–14 days of growth in presence of physio-

logical flow conditions, the epithelium was colonized with the

commensal bacterium Lactobacillus rhamnosus, while the endothe-

lium was perfused with peripheral blood mononuclear cells (PBMCs).

Results: Within 1 week of perfusion the epithelial cells formed self-

organized and well-polarized villus- and crypt-like structures that

resemble essential morphological characteristics of the human intes-

tine. Dendritic cells were differentiated in the epithelial tissue that

specifically respond to bacterial lipopolysaccharide (LPS) challenge.

LPS is well-tolerated at the epithelial side corresponding to the gut

lumen without signs of immune activation and a significant release of

pro-inflammatory cytokines. In contrast, LPS stimulation at the

endothelial side of the gut-on-chip model triggered release of the pro-

inflammatory cytokines TNF, IL-1b, IL-6 and IL-8 by activation of

macrophage residing in the endothelium. Perfusion of the endothe-

lium with PBMCs led to an enhanced cytokine release. L. rhamnosus

colonization of the model influenced cell signaling, however, the

bacteria were tolerated by immune cells.

Conclusions: We developed a microfluidic gut-on-chip model to

mimic a systemic infection with a dysregulated immune response

under physiological conditions. The model facilitates the colonization

of commensal bacteria and co-cultivation with facultative pathogenic

microorganisms, which are tolerated by the host and contribute to cell

signaling. The gut-on-chip model represents a promising tool to gain

more detailed insight into the communication processes of the

microbiome and its human host and moreover allows the co-culti-

vation with additional microorganisms to create an even more

physiological environment.
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RIPK3 is a hepatic modulator of inflammation and cell death

Hoff J (1,2), Kammann T (1,2), Sommerfeld O (1,2), Lupp A (3),

Deshmukh S (2,4), Bauer M (1,2), Press AT (1,2)

(1) Jena University Hospital, Department of Anesthesiology and

Intensive Care Medicine, Nanophysiology Group, Am Klinikum 1,

07747 Jena, Germany, (2) Jena University Hospital, Center for Sepsis

Control and Care, Am Klinikum 1, 07747 Jena, Germany, (3) Jena

University Hospital, Institute of Pharmacology and Toxicology,

Drackendorfer Str. 1, 07747 Jena, Germany, (4) NeoSep Group, Am

Klinikum 1, 07747 Jena, Germany

Introduction: Necroptosis, a rarely investigated form of programmed

cell death, is employed in many cell types followed by injury and

facilitates cell death in a controlled manner which simultaneously

stimulates inflammation. This cell death mechanism is characterized

by swelling of the cell followed by rupturing of the plasma mem-

brane. Phosphorylation of the receptor-interacting serine/threonine

kinase 1 (RIPK1) and hyperphosphorylation of receptor-interacting

serine/threonine kinase 3 (RIPK3) forms the necrosome and activates

mixed lineage kinase domain-like protein (MLKL) which leads to

pore formation and cell death. Monitoring of necroptosis regulating

proteins in response to therapeutic interventions would help to

develop a novel treatment strategy to patient under several disease

entity following impaired liver function e.g. cholestasis or inflam-

mation. However, the role of RIPK3 in the liver remains

controversial.

Objectives: Here we investigated, in light of the fact that RIPK3

expression in the liver is controversially discussed, the impact of

necroptosis in liver dysfunction.

Methods: Protein expression of different mediators of necroptosis is

examined in primary human hepatocytes (pHep) and HepG2 cells.

Furthermore, HepG2 cells overexpressing human RIPK3 are stimu-

lated with pro-inflammatory molecules (toxic bile acids, cytokines)

and the activation of necroptosis and inflammation are determined.

Slices from paraffin-embedded liver samples of patients that show

characteristics of cholestasis or inflammation are also analyzed in

relation to the expression of necroptosis mediators.

Results: Our results depict that pHep and HepG2 cells are not able to

undergo necroptosis under basal conditions due to the lack of RIPK3.

The formation of the necrosome and the signal transduction following

phosphorylation of MLKL is interrupted. Overexpression of RIPK3 in

HepG2 cells leads to significant RIPK3 phosphorylation. Bile acid

treatment of RIPK3-overexpressing HepG2 cells affects the RIPK3

and P-RIPK3 expression in dependence on the modification of the

bile acids. Moreover, analysis of cytokines shows also a significant

increase after overexpression of RIPK3 in HepG2 cells. In human

liver, RIPK3 expression differed in dependence on inflammatory liver

disease.

Conclusions: These results indicate that RIPK3 is increased during

inflammatory liver injury and can lead to pro-inflammatory signaling

and cell death. The inhibition of RIPK3 pathway is a potential target

for anti-apoptotic strategies in liver diseases but requires further

investigation in preclinical models of sepsis.
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Inhibition of phosphoinositide 3-kinase-c improves liver function
in sepsis by preventing RhoA-mediated cholestasis

Martinac P (1,2), Press AT (1,2), Medyukhina A (3), Benecke J (1,2),

Shi J (6), Täuber D (4,5), Hoeppener S (7,8), Cseresnyés Z (3),

Scheblykin I (6), Gräler MH (1,2), Rubio I (1,2), Figge MT (3,4),

Schubert US (2,7,8), Bauer M (1,2,7)

(1) Department of Anesthesiology and Intensive Care Medicine, Jena

University Hospital, Am Klinikum 1, 07747 Jena, Germany, (2)

Center for Sepsis Control and Care, Jena University Hospital, Am

Klinikum 1, 07747 Jena, Germany, (3) Research Group Applied

Systems Biology, Leibniz Institute for Natural Product Research and

Infection Biology (Hans Knöll Institute), Jena, Germany, (4) Frie-

drich-Schiller University, Jena, Germany, (5) Leibniz-Institute for

Photonic Technology, Jena, Germany, (6) Chemical Physics and

NanoLund, Lund University, P.O. Box 124, 22100, Lund, Sweden, (7)

Jena Center for Soft Matter (JCSM), Friedrich Schiller University

Jena, Philosophenweg 7, 07743 Jena, Germany, (8) Laboratory of
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Organic and Macromolecular Chemistry (IOMC), Friedrich-Schiller

University Jena, Humboldtstrasse 10, 07743 Jena, Germany

Introduction: Liver has been increasingly considered as a target and

modulator of manifold infectious diseases, making it a key object for

disease progression and prognosis. Excretory dysfunction of the liver

is an early and frequent event in polymicrobial sepsis and is strongly

associated with the survival of the host. Different pathogen-associated

molecular patterns (cytokines, chemokines) and inflammatory cells

affect hepatic integrity. PI3K-c is a promising target of membrane

shaping processes, cytoskeletal remodeling, cellular polarization,

metabolism, and many other essential cellular developments. Fur-

thermore, it is associated with many G protein-coupled receptors,

such as chemokine receptors in vivo, playing an important role in

several immune processes. In hepatocytes, PI3K-c regulates the phase

I and phase II biotransformation and the elimination of bile acids by

affecting the activity of ATP-dependent canaliculi transporters. The

latter regulates intracellular trafficking towards the membrane, sig-

nificantly affecting the liver function. The activating interactions

between small GTPases and PI3K isoforms are manifold, directly and

indirectly mediating migration, cell growth, and survival.

Objectives: The present study investigates for the first time the

impact of the inhibition of PI3K-c via a RhoA pathway to prevent

dysfunction.

Methods: In accordance with Thuringian animal welfare association

guidelines, sepsis was induced by applying the model of peritoneal

contamination and infection (PCI) while sham animals were injected

intraperitoneally with sterile saline. All animals had supportive

therapy. Different treatment regimens of AS605240 and respective

vehicle groups were applied during the first 5 days of the infection,

the phase in which liver failure determines the outcome. The under-

lying PI3K-c/RhoA molecular mechanism was tested in HepaRG

cells, primary murine hepatocytes, and the liver tissue.

Results: The levels of cytokines and of bile acid conjugation revealed

a conjugation inability and an increase in proinflammatory cytokines

in PCI vehicle groups in comparison to AS605240 treated animals.

RhoA activation was observed in CM-treated HepaRG cells, as well

as in the PCI sepsis model in primary murine hepatocytes, both being

resolved by pharmacological PI3K-c inhibition. The amount and

aggregation of b-actin was elevated in the PCI groups while fluo-

rescently stained MRP2 was retrieved to the membrane after

treatment with AS605240 inhibitor indicating that PI3K-c inhibition

attenuates RhoA activation, both in vitro and in vivo.

Conclusions: The results demonstrate a direct link between PI3K-c
activity and selective RhoA activation leading to an aggregation of

F-actin in hepatocytes. The pharmacological inhibition of PI3K-c by

AS605240 interferes with the sepsis-induced RhoA activation and the

subsequent development of cholestasis in vitro and in vivo,

respectively.
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Implantable wireless biometric animal telemetry system: a
powerful tool to improve translational sepsis research

Knape T (1), Wilken-Schmitz A (1,2), Schneider AK (1), Arne O (1),

Schmidt M (1), Götze L (1), Hofmann MCJ (1), de Bruin NMWJ (1),

Gerdes C (4), Glenschek-Sieberth M (4), Schmidt MV (4), Remie R

(5), Brill B (1,6), Parnham MJ (1), von Knethen A (1,3)
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Introduction: It is well established that sepsis often results in mul-

tiple organ failure (MOF). The affected organs are mainly the liver,

lung, kidneys and heart and circulation [1, 2]. Since MOF is often the

cause of death of the septic patient, detailed characterization of the

underlying (patho-) physiological and molecular mechanisms and

resulting treatment approaches can lead to an improvement in the

course of sepsis. In order to identify or characterize these underlying

mechanisms and to test appropriate therapies, animal models are often

initially used. However, translation of preclinical findings into a

clinical setting, thus far, has not been very successful. A contributing

factor may be that in patients, vital parameters are continuously

monitored in the intensive care unit (ICU), whereas in rodents such

sustained monitoring is rare. In mice, sepsis is induced, for instance,

by surgical cecum ligation and puncture (CLP) and experimental

therapy is started at a predefined time point that is usually indepen-

dent of vital parameters. This approach does not take into account

either the innate differences in strength and duration of individual

immune responses or the status of the cardiovascular and respiratory

systems. In order to increase the translatability of the preclinical to the

clinical situation, an implantable wireless biometric animal telemetry

system can be used. This allows real-time monitoring, measurement

and documentation of the vital parameters, blood pressure, electro-

cardiogram (ECG), heart rate, temperature and physical activity

[3–7]. Such a system, which is very similar to the human situation in

the ICU, offers the possibility in mice to start a therapy or to deter-

mine timing for organ/blood/serum sampling, based on their vital

parameters. In addition, this much more precise monitoring of the

mice provides detailed information on the course of sepsis and allows

a more precise decision on whether the trial must be stopped pre-

maturely in order to kill mice humanely [8].

Objectives: The first aim of the study was to explore vital parameters

such as heart rate, blood pressure, temperature and ECG in mice after

induction of an experimental sepsis by CLP. These data provide an

understanding of (patho-) physiological processes during the course

of sepsis as a basis to develop new therapy approaches and to opti-

mize existing therapies. The second aim was to investigate the impact

of transmitter implantation per se by comparing implanted septic mice

with non-implanted septic mice. Finally, the third aim was to deter-

mine whether insight into real-time vital parameters allows a more

precise decision to be taken on termination criteria, thus assessing

whether the use of a telemetry system introduces a refinement to the

CLP model.

Methods: We used the implantable wireless biometric animal Phys-

ioTelTM HD-X11 telemetry system (Data Sciences International

(DSI), St. Paul, USA) for in vivo measurement of blood pressure,

ECG, heart rate, temperature and physical activity. Under the use of

an animal application (authorization number V54-19 c 20/15-F152/

1016), approved by the Institutional Animal Care and Use Committee

of the State of Hesse, Germany, male C57BL/6N mice (Charles River

Laboratories Germany GmbH, Göttingen, Germany) aged

10–12 weeks were utilized for all experiments. For the implantation

of the blood pressure catheter under ketamine/xylazine (120/8 mg/kg)

anesthesia, the left carotid artery was used. The transmitter device

body was placed along the lateral flank between the fore limb and

hind limb. The continuous data acquisition of all vital parameters

began immediately after an animal emerged fully from the anesthesia.

At the earliest 7 days subsequent to implantation of the telemetry

transmitter, a 21-gauge, double puncture CLP with a cecal ligation of

2/3 was performed under isoflurane anesthesia. Sham animals
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underwent a laparotomy without CLP. A control group underwent

only the CLP operation, as described above, without prior implanta-

tion of a telemetry transmitter. At the latest 48 h after CLP/sham

operation, mice were euthanized and heparinized and whole blood

samples were obtained by cardiac puncture using a sterile technique

for detailed analysis of blood parameters. The peritoneal cavity was

irrigated with sterile phosphate-buffered saline (PBS) solution for

peritoneal lavage and samples were collected in a sterile fashion to

determine the bacterial load as colony-forming units (CFUs).

Results: We studied murine physiology during the first 48 h after

CLP/Sham operation. As expected, we observed marked hetero-

geneity in the physiological and thermoregulatory responses to sham

operation. Nevertheless, blood parameters and CFUs in sham mice

remained in the range of those in healthy control mice, which

underwent neither implantation of the wireless biometric animal

telemetry transmitter system nor a CLP/Sham operation. In contrast,

mice subjected to CLP-induced sepsis showed distinct differences in

physiological and thermoregulatory responses. Mice that died within

the first 24 h after sepsis induction lost an average of nearly 30% of

the core body temperature within this time. In parallel, during this

period, the blood pressure of septic mice decreased by an average of

almost 50%. In this case, the temperature was correlated with blood

pressure, expressed as a ratio/score for sepsis progress/severity, as

reflected in a signature in the progression curves. Along with this

signature, a systematically decreased heart rate over a 10-h period

before death was observed. The different trajectories in the physio-

logical and thermoregulatory responses between septic mice that died

and those that survived were also reflected in the very different blood

parameters and CFUs. Mice that died showed a significantly higher

bacterial load. In addition, blood parameters like aspartate transami-

nase (AST) and alanine transaminase (ALT), as well as the

differential haematogram for neutrophils, monocytes, eosinophils,

thrombocytes and leucocytes, were substantially different between

mice that died and mice that survived. Additionally, we compared

implanted with non-implanted CLP mice to determine the impact of

the wireless biometric animal telemetry transmitter system on the

severity and progression of sepsis. Fifty percent of non-implanted

mice died within the first 24 h after sepsis induction. In contrast, only

37.5% of the implanted mice died within the same period following

sepsis induction. This result demonstrates that prior implantation of

the telemetry transmitter per se has an effect on survival after CLP-

induced sepsis, possibly due to a pre-activation of the immune sys-

tem, which helps to fight against infection caused by CLP-induced

sepsis. The reasons for this are still unclear and must be characterized

in detail in subsequent studies. This suggestion is supported by our

initial data regarding different blood parameters. In non-implanted

mice which died as a result of the CLP-induced sepsis, the levels of

AST and ALT were clearly increased compared to implanted mice. In

both groups, this also applied to surviving mice. Moreover, inspection

of the differential haematogram reveals clear differences in the

quantities of lymphocytes, monocytes, thrombocytes and leucocytes

between implanted and non-implanted mice.

Conclusions: The combination of the murine polymicrobial CLP

sepsis model with the implantable wireless biometric animal

telemetry system is a powerful tool to better understand the (patho-)

physiological processes during the course of sepsis by objective, real-

time measurement of physiological and thermoregulatory parameters.

Our data show that there are clear differences between septic mice

that survived versus mice that did not survive, both in the vital

parameters and in the ex vivo parameters. These data provide a basis

for future testing of therapeutic interventions. In addition, the vital

parameters allow us to detect and determine signatures/scores that

define termination criteria. An objective decision can be made to kill

animals humanely, thus increasing refinement and reducing animal

suffering. Despite the many advantages and improvements that this

system offers, our data also indicate that it is important to define new

thresholds or baselines and to critically examine the data obtained,

because an impact of the telemetry transmitter implantation per se on

the course and severity of sepsis cannot be ruled out.
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Introduction: Cardiac dysfunction in septic shock is, besides

inflammation, related to metabolic dysfunction, i.e. impaired glucose

utilization attributed to defective supply (1). Glucocorticoid receptor

(GR) signaling is essential for survival of several septic shock models

(2–4). GR is also important for normal heart function and develop-

ment (5), correlated with PGC1alpha activity (6) an important

mitochondrial biogenic factor and metabolic regulator. Results for GR

expression in peripheral blood cells in sepsis are ambivalent (7, 8). In

the septic liver, a GR down-regulation is associated with organ dys-

function (9), however cardiac tissue expression is not reported.

Oxytocin receptor (OTR) signaling is also critical for heart function

and stimulates glucose uptake in cardiomyocytes (10), however little

is known about its role in sepsis.

Objectives: Since both GR and OTR mediate anti-inflammatory

effects as well as glucose metabolism, the aim of this post hoc study

was to elucidate their expression in septic cardiomyopathy in a co-

morbid large animal model.

Methods: Anesthetized and instrumented FBM (familial LDL-re-

ceptor-/-) pigs with high fat diet-induced atherosclerosis underwent
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poly-microbial septic shock (n = 8) induced by inoculation of autol-

ogous faeces into the abdominal cavity, or sham procedure (n = 5),

and subsequently received intensive care therapy with fluid and

noradrenaline administration for 24 h (11). Systemic troponin levels

were determined as a marker of cardiac injury. Left-ventricular GR,

PGC1alpha and OTR expression were quantified by immunohisto-

chemistry of formalin-fixed paraffin sections.

Results: Troponin was increased 37-fold in septic animals in contrast

to sham (p\ 0.001). OTR (p = 0.004) and GR expression in septic

hearts were reduced in comparison to sham animals, along with a

down-regulation of PGC1alpha.

Conclusions: In this clinically relevant, co-morbid, resuscitated large

animal model, we show a sepsis-induced loss of cardiac GR and OTR

expression, which was associated with cardiac injury as indicated by

the increased troponin levels. In the same model, we previously

reported reduced renal cystathionine-gamma-lyase (CSE) expression,

dysregulated glucose metabolism and attenuated PGC1alpha expres-

sion, contributing to acute kidney injury (12). CSE, an endogenous

hydrogen sulfide (H2S) producing enzyme, is a regulator of GC-

induced gluconeogenesis via PGC1alpha (13). Reduced cardiac CSE

expression is associated with septic cardiomyopathy (14). H2S in the

heart also has a direct effect on OTR expression (15). Recently, the

reperfusion injury salvage kinase pathway was suggested to upregu-

late OTR as a mechanism of CSE-mediated cardio-protection (16).

Furthermore, impaired cardiac H2S/OTR signaling is associated with

low glucose availability in an acute on chronic injury model, wherein

the loss of OTR as well as glucose levels were restored by exogenous

H2S administration (15). Taken together, these results suggest that the

interplay and dysregulation of GR, CSE and OTR during septic shock

mediates a glycemic cardio-metabolic dysfunction.
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Introduction: During sepsis, the immune system is confronted with a

variety of factors, which are integrated within the individual cells and

result in changes in their basal state of responsiveness (1). Epigenetic

mechanisms like posttranslational modifications of histone are known

to participate in the control of cellular reactions (2). Variation of these

histone modifications within promoter regions is functionally corre-

lated with the transcription of the associated genes in defined genomic

regions (3). Moreover, chromatin variations have been linked to the

binding of further higher-order regulatory elements, including the

CCCTC-binding factor (CTCF) (4). The 11 zinc finger domain-con-

taining protein is known as a chromatin insulator with impact on the

global organization of chromatin architecture and topology, thus

capable of modulating gene transcription (5).

Objectives: To unravel inter-individual concordant pathophysiolog-

ical alterations during sepsis by genome-wide analysis of histone

modification, as well as the impact of CTCF binding on the expres-

sion of most affected genes in human CD14?? CD16- monocytes.

Methods: Blood was collected from patients with sepsis and healthy

volunteers. Magnetic activation cells sorting of CD14?? CD16-

classical monocytes was followed by (i) gene expression analysis via

quantitative PCR and (ii) chromatin immunoprecipitation and

sequencing (ChIP-seq) to assess the genome-wide distribution of the

chromatin modifications histone 3 lysine 4 (H3K4me3), 27

trimethylation (H3K27me3), lysine 9 acetylation (H3K9ac) and

CTCF. In addition, flow cytometric analysis was used to identify

sepsis-induced immune suppression and to measure cell purity.

Inflammatory cytokine levels in blood were determined via ELISA.

Approval of the ethics committees of the medical faculty of the

Justus-Liebig-University of Giessen, approval number 155/12) and

the medical faculty of the Heidelberg University approval number

S-135/2016.

Results: Differential analysis revealed a set of distinct promoters with

significant enrichment or depletion of histone marks between patients

with sepsis and healthy controls. Compared to healthy controls, 86

genes were found to exhibit a decreased coverage of the active marks

H3K4me3 and H3K9Ac in their promoter regions, while the inactive

mark H3K27me3 was strongly enriched (‘‘silenced cluster’’). Gene

ontology (GO) analysis identified overrepresentation of genes

involved in immune function, including those involved in antigen

presentation, located within major histocompatibility (MHC) locus on

chromosome 6. In addition, differential CTCF enrichment was

detected in patients with sepsis within this locus concurrent with

specific changes in gene expression, depending on the relative loca-

tion to CTCF binding sites.

Conclusions: The genome-wide maps of histone modifications indi-

cate that a defined set of immunologically relevant genes undergo

specific alterations within their promotors in CD14?? CD16-

monocytes during human sepsis. These epigenetic alterations are

accompanied by uncoupled MHC-II expression and a differential

CTCF-binding inside this locus, suggesting a sepsis-induced enhancer

blockade mediated by epigenetic variations.
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Introduction: The mucociliary clearance system of lower airways is an

important defense mechanism to remove debris and infectious particles

that can cause pneumonia. This clearance mechanism is driven by ciliary

bearing cells, which is under control of many physiologic signal trans-

duction cascades [1]. Further it can also be affected by different factors

including fungal cell wall components like the polysaccharides Galac-

tomannan and Zymosan and the pro-inflammatoric cytokine tumor

necrosis factor-a (TNF-a) [2, 3]. The influence of ciliary activity by

immunomodulators is still not sufficiently investigated.

Objectives: In the present study we investigated whether interleukin 1

(IL1) or interleukin 6 (IL6), can alter the mucociliary clearance of mice

trachea. Both interleukins are known to play a pivotal role in early host

response to infections in diverse organs. Thus, circulating IL1 and IL6

also reach concentrations in the lung and tracheal epithelial that ought to

be high enough to change cell functions of ciliary bearing cells. As

surrogate parameters for mucociliary clearance we measured the ciliary

beat frequency (CBF) and the particle transport velocity (PTV).

Methods: Tracheae from male C57BL/6J mice were explanted after

death and the ciliary beat frequency of the epithelial cells measuring

light–dark-transmissions. Functional transport velocity was detected

analyzing recorded image sequences and calculation of particle

tracks. PCR experiments were performed on isolated tracheal

epithelium to identify receptor mRNA.

Results: In the tracheal epithelium we found mRNA for IL1 and IL6

receptors, assuming, that both receptors are expressed in these organs.

Both PTV and CBF are concentration dependent positively stimulated

by IL-6 (100 ng/ml) via the epithelial expressed IL-6 receptor (n = 6).

The increase in CBF is reversible using the serotonin antagonist

methysergide (100 lM) (p\ 0.01) or the muscarinic receptor inhi-

bitor (atropine (1 lM) (p\ 0.05). In addition, the PTV can be

significantly decreased by methysergide (p\ 0.01) while atropine

only shows a declining tent (p = 0.2476). Further the exposure to IL1

or IL6 induces the expression of their specific receptors, maybe as a

positive feedback mechanism.

Conclusions: IL-6 as a pro-inflammatory cytokine has an increasing

effect in ciliary beat frequency leading to a serotonin dependent

increase in particle transport.

References: 1. Knowles MR et al. J Clin Invest. 2002 Mar,

109(5):571–7. 2. Weiterer S et al. PLoS One. 2014 Mar 13

9(3):e91705. 3. Weiterer S et al. PLoS One. 2015 Nov 16
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Introduction: Sepsis is a life-threatening pathological host response

to an infection often leading to profound vascular leakage. The

underlying molecular mechanisms remain incompletely understood

and specially the role of the micro RNAs (MIR) has not been

investigated in detail. We hypothesized that specific MIRs might be

up-regulated in the septic endothelium thereby contributing to vas-

cular barrier breakdown.

Objectives: To identify regulated MIRs in the septic endothelium and

to decipher their role in endothelial permeability.

Methods: Regulated MIRs were screened by an unbiased MIR array

approach from murine lung endothelial cells (CD146? magnetic

isolation). In vivo, the effect of specific MIRs on permeability was

assessed in a transgenic zebrafish (flk:mCherry) and a murine

knockout (KO B6.Cg-Mir155tm1.1Rsky/J) model. Both

Lipopolysaccharides (LPS) and cecal ligation and puncture (CLP)

was used for the induction of systemic inflammation. Readouts were

pulmonary permeability (Evans Blue), activity scoring and survival.

Mechanistic studies were done in human umbilical vein endothelial

cells (HUVECs) using standard molecular biology tools (RT-PCR,

Immunoblots) and functional real-time permeability measurements

(ECIS-TER). Additionally, immediate post mortem kidney biopsies

(n = 16) were performed to evaluate the expression of MIRs in a

septic human organism.

Results: The array revealed that MIR155 was significantly upregu-

lated (259). Transgenic overexpression of MIR155 in zebrafish—as a

screening tool—led to a massive induction of vascular permeability

(eye assay, p\ 0.01). The same was observed when MIR155 was

experimentally overexpressed in human ECs in vitro and permeability

was measured (p\ 0.04). Moreover, MIR155 inhibition protects

against classical permeability mediators (i.e. thrombin, p\ 0.03). We

identified Claudin-1 (a tight junction protein) both on protein and

mRNA level as putative MIR155 target both by overexpression and

inhibition. Interestingly, in vivo the heterozygote MIR155 knockout

mouse showed a protected phenotype with regard to capillary leakage

and survival (40% benefit, p\ 0.01). MIR155 was also increased in

septic human renal tissue compared to kidney biopsies from non-

septic patients (p = 0.01).

Conclusions: Using an unbiased MIR-array approach, we found that

MIR155 is upregulated in septic endothelium in mouse and men and

might contribute to the pathophysiology of vascular leakage in a

Claudin-1 dependent manner. Future studies have to clarify if

MIR155 could be a potential therapeutic target.
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Introduction: Pneumolysin (PLY) is a major virulence factor of

Streptococcus pneumonia and crucial for the pathogenesis of invasive

pneumococcal disease and sepsis following community-acquired

pneumonia (CAP). The b-pore-forming toxin recognizes membrane

cholesterol leading to dysintegration of the alveolar epithelial barrier
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and impairment of innate immunity. Remotely, pneumococcal CAP

triggers a hepatic activation of the sterol biosynthesis through a yet

unknown mechanism that depends on PLY.

Objectives: The direct impact of PLY on hepatocytes is determined.

Supplementation of cholesterol species is evaluated as candidate for

adjuvant therapy to counteract pore formation. The underlying prin-

ciple of a protective effect of cholesterol supplementation is

investigated.

Methods: Membrane integrity and pore formation is analyzed by

LDH-release assay and PI staining using dynamic live cell imaging

techniques. Stress and sterol signaling adaption of HepG2 cells

towards PLY challenge is examined by Western blot and quantitative

RT-PCR. Cellular cholesterol of HepG2 cells is quantified by mass

spectrometry and Filipin III staining. Membrane viscosity is charac-

terized by applying live-cell two-photon fluorescence lifetime

imaging of a bimodal dye sensing the cholesterol environment. In a

clinical trial at the Jena University Hospital, a link between patient

plasma cholesterol level and CAP score was assessed.

Results: Supplementation of cholesterol resulted in amelioration of

PLY toxicity, increased membrane integrity and a delay of pore

formation. PLY directly activates key regulators of the sterol home-

ostasis on the protein level whereas gene expression is downregulated

globally in HepG2 cells. Intriguingly, cells respond to PLY by

increasing their cholesterol content despite cholesterol being the

toxin’s receptor for cell membrane recognition. By supplementation

of cholesterol the membrane is shifted to a more rigid phase, hin-

dering pore formation. In the clinic, CAP patients with elevated

plasma cholesterol are significantly less prone to the progression of

CAP.

Conclusions: We conclude that PLY pore formation preferentially

targets cholesterol in a highly flexible membrane resulting in shed-

ding and cell death. Together, we highlight the role of a hepatic

induction of cholesterol biosynthesis following PLY stress and outline

the biophysical reasons for a protective effect of cholesterol supple-

mentation against a cholesterol-dependent pore forming toxin.
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Introduction: Sepsis is the most common cause of death in medical

intensive care units (ICU). If sepsis progresses to refractory septic

shock, mortality may reach 90–100% despite optimum current ther-

apy. One of the hallmarks of sepsis is the excessive release of

cytokines and other inflammatory mediators causing refractory

hypotension, tissue damage, metabolic acidosis and ultimately mul-

tiple organ failure.

Objectives: Cytokine reduction by hemoadsorption represents a new

concept for blood purification, developed to attenuate the systemic

levels of pro-inflammatory and anti-inflammatory mediators released

in the early phase of sepsis.

Methods: We evaluated the impact of a new hemoadsorption device

(CytoSorb), used as adjunctive therapy, on hemodynamics and clin-

ically relevant outcome parameters in 24 critically ill patients with

septic shock and in need of renal replacement therapy (RRT) in

Intensive Care Unit. Mean levels of MAP, procalcitonin, noradrenalin

need and SOFA score were evaluated. RRT of acute renal failure was

performed either as continuous venovenous hemofiltration (CVVH)

or continuous venovenous haemodialysis (CVVHD) at the discretion

of the attending physician. Flow rates were set to achieve a dialysis

dose of 25 ml/kg/h, blood flow rate was set accordingly. Hemoper-

fusion was started after refractory shock was diagnosed. The adsorber

[total volume 300 ml, priming volume 120 ml, filled with sterile

normal saline (NaCl 0.9%)] was connected in a PRAE-filter position

into the RRT circuit. The first exchange was performed within 24 h

without interruption. Further adsorber exchanges were at the discre-

tion of the physicians.

Results: After Cytosorb treatment procalcitonin, C-reactive protein

and white cells count all decreased vs basal levels (Table 1). This

feature was associated with hemodynamic stabilization and a reduc-

tion of noradrenaline infusion. SOFA score improved in 11/24

patients, overall mortality was 63%. Treatment using the CytoSorb

device was safe and well-tolerated with no device-related adverse

events during or after the treatment sessions.

Conclusions: In severe septic shock unresponsive to standard treat-

ment, haemodynamic stabilization and inflammatory parameters

improved using cytokine adsorption therapy. These effects seem to be

more pronounced in patients in whom therapy started within 24 h of

sepsis diagnosis, whereas a delay in the start of therapy was associ-

ated with a poor response to therapy in terms of reduction of

catecholamine demand and survival. Detailed studies and registry

reports may better define the potential benefits of this new treatment

option.

procalcitonin C-reac�ve protein leukocytes Vasopressor dose mcg/kg/m

Baseline 33 74 19.150 4.7

A�er Cytosorb 9 12 11.350 2.1
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Photonic imaging can reveal localization of bacteria during
hematogenous osteomyelitis

Ebert C (1,2), Tannert A (1,2), Hörr V (3), Geppert C (4), Pöllath C

(1,3), Tuchscherr L (1,3), Popp J (1,2), Löffler B (1,3), Neugebauer U

(1,2)

(1) Center for Sepsis Control and Care, Jena University Hospital,

Jena, Germany, (2) Leibniz-Institute of Photonic Technology, Albert-

Einstein-Straße 9, Jena, Germany, (3) Institute for Medical Micro-

biology, Jena University Hospital, Jena, Germany, (4) Institute of

Pathology, Universitätsklinikum Erlangen, Erlangen, Germany

Introduction: One possible long-term consequence of sepsis is

hematogenous osteomyelitis, i.e. the spread of bacteria from the blood

stream to the bone. The clinical picture of this disease is swelling and

deformation of the bone, pain, redness, fever and weakness. The most

common underlying pathogen is the Gram positive Staphylococcus

aureus, which is one of the most frequently found pathogen in hos-

pital. These bacteria can invade cells, adopt an intracellular life cycle

and persist in the bone for years before causing symptoms. Their

intracellular appearance is especially difficult to treat with antibiotics

because of a reduced metabolic rate and the challenge to target the

drugs into the host cells.

Objectives: In this study we aim to define the localization of bacteria

within the bone in an established mouse model [1] during the acute

and chronic state of hematogenous osteomyelitis.

Methods: Mice were infected via a lateral tail vein with S. aureus and

pathological changes in behavior and by X-ray were recorded. After

1 week (acute phase) or 6 weeks (chronic phase) of infection mice

were sacrificed, bones were isolated and fixed in 4% paraformalde-

hyde. After decalcification and cryosectioning, the slices were
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immunolabelled using fluorescent secondary antibodies to visualize S.

aureus and osteocalcin, a marker for bone formation. Cellular struc-

tures were counterstained using DAPI (nuclei) and I555-phalloidin

(actin fibres). For histopathological comparison hematoxilin & eosin

(HE) staining was applied to some slices. Images were taken using

confocal or two photon microscopy (Zeiss CLSM 780 Meta).

Results: An activation of the bone marrow was detected by HE

staining and residing pathogens could be identified in the immuno-

labelled slices from both the acute and the chronic phase of

hematogenous osteomyelitis. Pathogen load was high but not

restricted to sites of bone deformation identified by X-ray in the

chronic osteomyelitis model. In the acute phase no deformations were

detectable by X-ray, still we found numerous bacteria in these bones.

Remarkably, sites of bacteria detection were quite diverse ranging

from the hard bone, bone marrow to associated connective tissue and

attached muscle fibres in both the acute and the chronic phase.

Intracellular localization could be proven for both the acute and the

chronic phase. Colocalization with osteocalcin, a marker of bone

formation, which is produced by osteoblasts and secreted into the

extracellular matrix of bone, was detected for some of the bacteria,

especially in the acute phase of osteomyelitis.

Conclusions: S. aureus can be found intracellularly and residing at

multiple different locations in bone, both in the acute and in the

chronic phase of osteomyelitis. The infection leads to an activation of

the bone marrow and S. aureus can be found partly in areas of bone

formation. Treatment strategies should therefore have a broad drug

distribution and cover the different sites of bacterial residence.

Reference: [1] S.A. Horst et al. A novel mouse model of Staphylo-

coccus aureus chronic osteomyelitis that closely mimics the human

infection: an integrated view of disease pathogenesis. Am J Pathol,

181, 1206–1124 (2012).
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and Leibniz ScienceCampus InfectoOptics (SAS-2015-HKI-LWC) is
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Protective effects of S1P signaling and metabolism in
experimental sepsis

Ziegler AC (1), Weigel C (1,2,3), Gräler MH (1)

(1) Department of Anesthesiology and Intensive Care Medicine,

Center for Sepsis Control and Care (CSCC), and the Center for

Molecular Biomedicine (CMB), University Hospital Jena, Jena,

Germany, (2) Fritz Lipmann Institute, Leibniz Institute on Aging,

Jena, Germany, (3) Current address: Department of Biochemistry and

Molecular Biology, Virginia Commonwealth University School of

Medicine, Richmond, VA, USA

Introduction: The sphingolipid sphingosine 1-phosphate (S1P) is

involved in many physiological and pathophysiological processes and

also plays an important role in the function of the immune system. As

a part of the inflammatory response, S1P mediates distinct signaling

pathways that protect against sepsis. In a recent study we showed that

S1P signaling could mimic the positive effects of genotoxic stress

achieved in vivo in experimental sepsis experiments in mice and

in vitro in cell culture upon stimulation of the lung epithelial cell line

H1975 with lipopolysaccharides (LPS). These studies revealed that

particularly inhibition of the S1P degrading enzyme S1P lyase and

activation of the S1P receptor type 3 (S1PR3) are involved in geno-

toxic stress-induced S1P signaling, leading to tissue tolerance and

protection against systemic inflammation. Now we focus on S1P and

its receptors as potential candidates for sepsis treatment.

Objectives: The aim of the project is to investigate the influence of

pharmacological modulators of the S1P metabolism and signaling

pathways on the course of sepsis. Focusing on the positive effects of

S1P signaling and metabolism under inflammatory conditions, a S1P

lyase inhibitor and a S1PR3 agonist are tested for their therapeutic

value.

Methods: In in vitro studies, inflammatory conditions are achieved

upon the stimulation of cells with LPS and cytokines. Additionally,

these cells are treated with pharmacological modulators of S1P sig-

naling and metabolism to inhibit the S1P lyase or activate the S1PR3.

Focusing on the production of pro-inflammatory cytokines, enzymes,

and metabolites of the sphingolipid metabolism, analyses are carried

out by ELISA, flow cytometry, Western blot, and mass spectrometry.

Furthermore the effects of pharmacological modulators will be

examined under more complex conditions in a mouse model of

experimental sepsis. To this end the model of polymicrobial con-

tamination and infection (PCI) will be applied. Septic mice will be

treated with a S1P lyase inhibitor and a S1PR3 agonist and afterwards

the effects of those pharmacological modulators on cellular signal

transduction, immune cell functions and tissue tolerance, as well as

genetic regulation mechanisms will be investigated.

Results: Currently, the role of sphingolipid signaling as well as the

long-term efficiency of these signaling events are investigated

in vitro, and the treatment of cells with pharmacological modulators

of S1P signaling and metabolism showed positive effects regarding

the production of pro-inflammatory cytokines. Following these initial

results, the effects of pharmacological modulators of S1P metabolism

and signaling will be examined in vivo using a mouse model of

experimental sepsis.

Conclusions: Carrying out these analyses, the role of S1P metabolism

and signaling under inflammatory conditions will be characterized to

reveal pathways resulting in protection against sepsis and to identify

possibilities of sepsis intervention.
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In vitro synergism and anti-biofilm activity of dalbavancin
antibiotic combinations against vancomycin-susceptible and
vancomycin-resistant Enterococcus faecium

Thieme L (1), Hartung A (1), Makarewicz O (1), Pletz MW (1)

Institute for Infectious Diseases and Infection Control, Jena Univer-

sity Hospital, Jena, Germany

Introduction: Enterococcal endocarditis (EE) is associated with

unchanging mortality rates of up to 30% since several decades. E.

faecium in contrast to E. faecalis accounts for only a small portion of

EE cases but is more difficult to treat due to multidrug resistance, e.g.

intrinsic resistance to penicillins and acquired resistance to van-

comycin (VRE). Further, infective endocarditis is a biofilm-associated

infection, exhibiting a general tolerance to antibiotic treatment. Dal-

bavancin is a second generation lipoglycopeptide and has been shown

to be active in vitro against vancomycin-susceptible E. faecium (VSE)

in planktonic and biofilm state, but only partially against VRE.

Objectives: To compare the in vitro effectiveness of dalbavancin

antibiotic combinations against VSE and VRE planktonic cultures

and biofilms.

Methods: The effectiveness of dalbavancin/gentamicin vs. van-

comycin/gentamicin in VSE and of dalbavancin/daptomycin vs.

dalbavancin/colistin in VRE was analyzed for 10 clinical E. faecium

isolates (bacteraemia) each. All combinations were tested in
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planktonic and biofilm state applying conventional checkerboard

assays. Determination of the biofilm bactericidal concentrations

(BBC) alone and in combination were performed by the ‘‘Start

Growth Time’’ method by Hazan et al. (2012), which was adopted to

anti-biofilm testing and allows a rapid quantification of viable cells in

a high throughput manner. Promising combinations were recorded at

the confocal microscope after live/dead-staining of biofilms.

Results: For the VSE isolates, dalbavancin showed the lowest BBC

values, while daptomycin showed superior biofilm activity for the

VRE isolates. In VSE biofilms, both dalbavancin ? gentamicin and

vancomycin ? gentamicin strongly synergized. In planktonic VREs,

synergistic effects were observed for dalbavancin ? colistin despite

intrinsic resistance to colistin, while on biofilm level synergism was

only detected in 20% of the vanA VREs. Dalbavancin ? daptomycin

synergized primarily in the biofilm state in teicoplanin susceptible

VRE isolates.

Conclusions: The BBC values of dalbavancin for the VSE isolates

were significantly lower than the corresponding values of vancomycin

and gentamicin, suggesting a superior biofilm penetration and/or a

replication independent mechanism of action. Dalbavancin presents

with a clinically safer side effect profile than vancomycin and might

be a promising alternative combination partner for the treatment of

VSE endocarditis. For VRE endocarditis, this study suggests that

dalbavancin ? colistin may be advantageous for the treatment of

persistent bacteraemia, while daptomycin-based combinations seem

to be superior against mature biofilms.
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Peptide functionalized magnetic nanoparticles for experimental
sepsis therapy

Friedrich B, Unterweger H, Lyer S, Janko C, Alexiou C, Tietze R

University Hospital Erlangen, ENT-Department, Section of Experi-

mental Oncology and Nanomedicine (SEON), Else Kröner-Fresenius-

Stiftung Professorship, Erlangen, Germany

Introduction: As a common sense, systemic inflammatory reactions

as specially sepsis are an acute life-threatening condition with a high

rate of death and very intensive treatment. Improving existing ther-

apies and developing new approaches are therefore highly desirable.

A contribution to this could come from the field of nanomedicine.

Objectives: Magnetic as especially superparamagnetic particles can

be used for different medical applications. These particles can, for

example, be navigated in the body with the use of magnetic fields or

be deployed for several in vitro diagnostics. In our working group, we

have successfully developed various particle systems to date. Exam-

ples are formulations for drug delivery [1], MR imaging [2],

regenerative medicine [3] and targeted immunotherapy [4]. In addi-

tion to extensive physical–chemical characterization, we have

established a systematic assay cascade [5] to test biocompatibility and

efficacy in vitro and in vivo. Only particles with proven safety profile

will be utilized for further biomedical applications. A new approach is

to coat nanoparticles in such a way that they are able to selectively

bind pathophysiologically relevant microbial products and thus

remove it from body fluids. In human saliva there is an agglutinating

saliva protein that is able to bind various pathogens. Interestingly,

even a small consensus sequence of the macromolecule has similar

binding properties, which facilitates orthogonal binding strategies to

nanoparticles.

Methods: In this case we have developed promising candidates like

APTES (3-Aminopropyltriethoxysilan) as a coating. Using APTES as

a coating has several advantages. First it is already in use for the

coating of implants and second it has amino groups on bound to the

silica which make it easy to find linkers that can be connected to a

peptide. In recent works, we synthesized superparamagnetic iron

oxide nanoparticles with stable aminoalkylsilane layer that have later

been functionalized with heterobifunctional linkers like N-succin-

imidyl bromoacetate (SBA). These linker were further

chemoselectively reacted with the thiol group of singularly present

cysteines of selected peptides.

Results It was possible to see that we could extract a model toxin

from a solution which did not work with the control peptide [6].

Currently we are improving the synthesis to get particles that are

stronger attachable by a magnet and to gain a more efficient coating

as well as a higher linkage of peptides. Furthermore new linkers are

under development as well as new assays to prove the binding of

further toxins and simultaneously we are about to bind different

bacteria, using our particles. Beyond that, we attempt to create a

system that can extract pathogens from not only blood but also other

fluids where a separation of toxins or bacteria is needed for diagnostic

and therapy.

Conclusions: Proof of principle of a new particle based method to

lower the pathogen load in sepsis patients

Acknowledgement: 1: Dr. Robert Pfleger Stiftung, Bamberg. 2:

Forschungsstiftung Medizin am Universitätsklinikum Erlangen.

References: 1. Tietze, R., et al., Nanomedicine, 2013. 9. p. 961–971

2. Unterweger, H., et al., Int J Nanomedicine, 2017. 12: p. 5223–5238.

3. Pottler, M., et al., Tissue Engineering Part A, 2019. Ahead of print

4. Muhlberger, M., et al., Journal of Magnetism and Magnetic

Materials, 2019. 473: p. 61-67. 5. Janko, C., et al., Journal of Mag-

netism and Magnetic Materials, 2017. 431: p. 281–284. 6. Karawacka,

W., et al.,. Colloids and Surfaces B-Biointerfaces, 2019. 174:
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Mutation analysis of SHV-b-lactamase resistance profiles

Madzgalla S (1), Makarewicz O (1), Pletz M (1), Neubauer S (1),

Klabunde A (1), Marquet M (1)

Institute for infectious disease and infection control, Jena University

Hospital

Introduction: In SHV-b-lactamases single amino acids changes

cause a change of substrate spectrum from narrow-spectrum-b-lac-

tamases to extended-spectrum-b-lactamse (ESBL) or inhibitor-

resistant-b-lactamse (IRBL). At present time 147 SHV variants are

listed in the NCBI database but only in 48% the phenotype is known.

The focus of clinical testing is in terms of ESBL at CTX-M. But often

SHV is also carried by the pathogens. With increasingly use of b-

lactamase-inhibitors (BLIs) the prevalence of inhibitor-resistant SHV

may rise and call for updated test panels. A well understood geno-

type–phenotype correlation is the prerequisite for molecular testing.

Objectives: The aim of this study was to identify phenotype relevant

amino acid substitutions of SHVs by a targeted mutagenesis and

genotype–phenotype correlation.

Methods: We used mathematical models to evaluate phenotype-rel-

evant amino acid substitutions based on the validated SHV variants

stored at the NCBI data base. The SHV-1 gene cloned into pBT-

vector was altered with primer mediated site directed mutagenesis. 30

single mutations as well as three double and one triple mutation were

generated. Antibiotic susceptibility of the mutants was tested towards

a wide substrate spectrum of penicillins, cephalosporins, b-lactams/

BLIs combinations and carbapenems using broth microdilution and

E-test.
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Results: With the mathematical algorithms we identified 18 positions

within the SHV proteins being related to the ESBL phenotype and 6

to the BL-inhibitor resistant phenotype in silico. The phenotypic

testing of mutations at this positions revealed only substitutions

G238S/A (Ambler position) being related to the ESBL phenotype. To

refer resistance to BL-inhibitors mutations at two positions were

identified: M69L and E240K/R. Many substitutions led to an

increased MIC against ceftaroline, a 5th generation cephalosporin.

Conclusions: This is the widest substrate and substitution analysis for

SHV alleles so far. The genotype–phenotype correlation of distinct

amino acid changes showed only a few amino acids accounting for

extension of the antibiotic and b-lactamase-inhibitor spectrum of shv.

The increased resistance to ceftaroline, indicate that beforehand

manifested random substitution may already confer resistance to very

recently introduced beta-lactams. Thus, susceptibility testing against

ceftaroline should be considered also for non-ESBLs.
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The role of Ezrin in hepatocytes in the onset of excretory liver
failure

Dellbrügge F (1,2), Martinac P (1), Eiserloh S (3), Neugebauer U

(2,3), Buder K (4), McClatchey A (5), Riecken LB (4), Morrison H

(4), Bauer M (1,2), Press AT (1,2)

(1) Jena University Hospital, (2) Center of Sepsis Control and Care,

Jena, (3) Leibniz-Institute of Photonic Technology, Jena, (4) FLI-

Leibniz Institut für Altersforschung, Jena, (5) Harvard Medical

School

Introduction: Ezrin and Radixin belong to the ERM protein family

and share a high sequence homology. ERM proteins couple the

cytoskeleton to integral plasma membrane proteins and thereby

contribute to the shaping of membrane structures. In hepatocytes,

ERM proteins bind to bile acid transporters such as MRP2 and are

involved in the formation of the canalicular brush border. Loss or

inactivation of ERM proteins causes an intracellular redistribution of

MRP2 and other canalicular transporters and results in loss of the

canalicular brush border, leading to cholestasis. In sepsis, the often

occurring liver dysfunction shows a similar distribution, with loss of

the brush borders and disturbed distribution of MRP2. Cellular

mechanisms leading to cholestasis are only partly understood.

Objectives: While Radixin function in the liver is well characterized,

the function of Ezrin in hepatocytes remains unclear also due to the

lethality of the (global) Ezrin knock-out mice. Chai et al. [1] recently

proposed that Ezrin promotes cholestasis in human hepatocytes, by

actively contributing to the removal of MRP2 from the canalicular

membrane of hepatocytes.

Methods: We generated hepatocyte-specific Ezrin knock-out mice to

investigate the relevance of Ezrin in hepatocytes. Using bile duct

ligation to induce cholestasis the pathophysiological role suggested

by Chai et al. [1] was studied. The morphological and functional

changes are studied by immunostaining (MRP2), electron microscopy

and spectroscopy.

Results: Ezrin KO mice showed no histological liver damage, liver

dysfunction or disturbed brush border formation under physiological

conditions. Cholestasis did not induce a phenotype in the liver-

specific Ezrin knock-out mice.

Conclusions: Ezrin neither plays a role in the development and

physiological function of hepatocytes nor in the pathophysiology of

cholestasis. Therefore Radixin is confirmed as the major and

functional relevant ERM protein responsible for upholding the

canalicular membrane structure and the MRP2 localization in

hepatocytes.

Reference: [1] Chai et al. Canalicular membrane MRP2/ABCC2

internalization is determined by Ezrin Thr567 phosphorylation in

human obstructive cholestasis, J Hepatol. (2015), 63(6): 1440–1448.
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Understanding of disease tolerance mechanisms in sepsis
associated liver dysfunction

Hussain I (1), Press AT (1), Bauer M (1), Rubio I (1)
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Hospital, Jena, Germany

Introduction: Sepsis is a clinical syndrome that is associated with

systematic inflammation and metabolic changes. Liver failure is a

serious complication in up to 10% of sepsis patients and linked to

high mortality rates. Disease tolerance is a host protective mechanism

in which cells undergo metabolic, molecular changes without directly

targeting pathogen. Liver has a high tolerance capacity and ability to

withstand assaults but this may be critically affected in sepsis and

inflammation.

Objectives: Objective of this study is to establish an in vitro hepatic

model in order to understand effect and changes in hepatocytes and

how different signaling pathways are involved in disease tolerance in

response to septic insult in hepatocytes.

Methods: Mouse primary hepatocytes isolation protocol is optimized

in order to maintain cells in culture for long term experiments. Co-

culture settings composed of AML12 and HepG2 hepatic cell lines

and HMEC endothelial cells are also tested. Hepatocytes and

endothelial cells are co-cultured in a 3:1 ratio and stimulated with

cytokines (TNFa, IFNc, IL1, IL6) and PAMPS (LPS) for different

time points to induce inflammation. In order to induce hypoxia, cells

are incubated in hypoxic chamber and activation of HIF1 a is studied

by western blot and immunocytochemistry. Activation of autophagy

and development of stress granules are also checked by western blot

and immunocytochemistry.

Results: Initial experiments are done using the mouse hepatic cell

lines AML12 co-cultured with HMEC human endothelial cells. Pri-

mary hepatocytes co-cultured with endothelial cells maintain their

morphology longer than hepatocytes cultured alone. Activation of

HIF1 a is observed by immunocytochemistry in hepatocytes treated

with cytokines and LPS but, it is negligible compared to hypoxia in

both single AML12 culture and co-culture systems. Further experi-

ments to check metabolic master pathways, mTOR and AMPK with/

without hypoxia are in process. Experiments to check stress response

at the level of autophagy and stress granule production are still run-

ning and results will be presented at the conference.

Conclusions: Hepatocytes co-culture with endothelial cells can be used

to investigate stress pathways in the context of disease tolerance to

inflammation. Inflammation induces HIF1a but undergoing disease tol-

erance mechanisms still have to be studied in more detail. Experiments

to check whether autophagy and stress granule are also involve in hep-

atocyte disease tolerance mechanisms or not, are also in progress.

References: 1. Yan, J., Li, S., & Li, S. (2014). The role of the liver in

sepsis. International reviews of immunology, 33(6), 498–510. 2.

Medzhitov, R., Schneider, D. S., & Soares, M. P. (2012). Disease

tolerance as a defense strategy. Science (New York, N.Y.),

335(6071), 936–41.
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The role of Spred1 and the Ras/MAPK pathway in sepsis

Morgner S (1), Naeem Z (2), Krüger T (3), Kniemeyer O (3), Biskup

C (4), Rubio I (1)

(1) Experimental Anesthesiology, Department of Anesthesiology and

Intensive Care Medicine, Jena University Hospital, (2) Institute of

Molecular Cell Biology, Center for Molecular Biomedicine (CMB)

Jena, (3) Molecular and Applied Microbiology, Leibniz Institute for

Natural Product Research and Infection Biology-Hans Knöll Institute

(HKI) Jena, (4) Biomolecular Photonics, Jena University Hospital

Introduction: The role of the host immune response is highly con-

troversial under septic conditions. In addition to a hyperinflammatory

response, recent studies indicate that immunosuppressive pathways

are triggered concomitantly. The Spred protein family (Sprouty-re-

lated EVH1 domain-containing protein) is involved in the regulation

of the Ras/MAPK pathway, which is activated in sepsis in numerous

immune cells. Strikingly, knockout of SPRED2 was shown to pro-

mote proinflammatory events resulting in radically opposed outcomes

in mice subjected to different sepsis triggers: Thus, whereas defi-

ciency of Spred2 exacerbated LPS (lipopolysaccharide)-induced acute

lung inflammation, it exerted protective effects in septic peritonitis.

These findings indicate that Spred’s regulation of the Ras/MAPK

pathway can have drastically diverse consequences on sepsis outcome

in distinct clinical scenarios. Despite these appreciations, the precise

mode of action of Spred is still unsettled.

Objectives: In this study, we investigate the mechanisms underlying

the modulation of the Ras/MAPK pathway by Spred1. Understanding

the molecular basis of the signal transduction regulation by Spred

may reveal new opportunities for immunomodulatory approaches in

sepsis therapy.

Methods: After stimulation with EGF (epidermal growth factor),

HeLa cells overexpressing Spred1 were lysed and exposed to glu-

tathione-Sepharose for a Ras-GTP pull-down. Ras activation was

analyzed by Western blotting. HEK293 cells overexpressing Spred1

were fixed and immunostained using fluorophor-labelled secondary

antibodies prior to analysis via fluorescence microscopy. Using the

proximity biotinylation assay followed by liquid chromatography-

mass spectrometry-based quantitative proteomics, we intend to

identify Spred1 interactors and proximate proteins that team up with

Spred1 for Ras regulation. The biotinylated target proteins were

visualized by Western blotting with Avidin.

Results: Overexpression of Spred1 reduced EGF-stimulated forma-

tion of active Ras-GTP, showing that Spred1 inhibits the pathway at

the level of Ras. Immunocytochemistry analysis further revealed that

Spred1 overexpression resulted in formation of giant early endo-

somes. This abnormal phenomenon affected the steady-state

distribution of Ras causing an accumulation of Ras in the giant

endosomes. Initial screening results revealed a huge amount of

Spred1 interaction partners playing a role in endocytotic processes

which is consistent with the observed effect of Spred1 on endosome

formation.

Conclusions: Our findings indicate that Spred1 is involved in the

regulation of early endosome trafficking and may attenuate Ras

activity indirectly by affecting its subcellular distribution in terms of

altered endosome dynamics. This might represent a molecular

mechanism for targeting the immune imbalance in sepsis at its roots.

References: Xu Y, Ito T, Fushimi S, Takahashi S, Itakura J, Kimura

R, Sato M, Mino M, Yoshimura A, Matsukawa A. Spred-2 deficiency

exacerbates lipopolysaccharide-induced acute lung inflammation in

mice. PloS one 2014, 9(9):e108914. Itakura J, Sato M, Ito T, Mino M,

Fushimi S, Takahashi S, Yoshimura T, Matsukawa A. Spred2-defi-

ciecy Protects Mice from Polymicrobial Septic Peritonitis by

Enhancing Inflammation and Bacterial Clearance. Scientific reports

2017 7(1):12833. Hotchkiss RS, Monneret G, Payen D. Sepsis-in-

duced immunosuppression: from cellular dysfunctions to

immunotherapy. Nature reviews. Immunology 2013 13(12):862–74.
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Cognitive impairment following polymicrobial sepsis is
accompanied by microglia activation

Wickel J (1), Chung HY (1), Geis C (1)

(1) Hans-Berger Department of Neurology, Jena University Hospital

Introduction: Sepsis-associated encephalopathy (SAE) is a frequent

and severe manifestation causing immense burden on patients, care-

givers, and economic health systems. Treatment options are missing

and the underlying pathophysiology of neurocognitive deficits is

largely unresolved.

Objectives: In this in vivo study, we hypothesized that experimental

sepsis induced by peritoneal contamination and infection model (PCI)

would result in long-lasting neurocognitive deficits at different time

points and that overwhelming host response would induce a robust

activation of microglia which are the brain’s resident immune cell

population.

Methods: At different time points following PCI behavioral tests

were performed in male C57BL/6J to evaluate neurocognitive dys-

function. Afterwards, brain tissue was used for FACS, transcriptome,

electrophysiological and immunohistological analysis.

Results: We here present evidence that experimental sepsis induced

by peritoneal contamination and infection model (PCI) results in

central nervous neuroinflammation leading to activated microglia,

especially in the hippocampus. Mice revealed cognitive deficits in

learning tests e.g. Barnes Maze and Novel Object Recognition test at

day 10, 20, 30 and 60 following PCI. These results are underlined by

histologically detectable spine morphology impairment and deficits in

synaptic plasticity measured by electrophysiology as a long-term

consequence of systemic inflammation.

Conclusions: In conclusion, interfering with microglia activation in

sepsis survivor might represent a promising approach to promote

recovery of neurocognitive function after severe systemic

inflammation.
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Scaffolding of hepatocytes in sepsis: mechanisms of septic
cholestasis

Ploner MS (1), Martinac P (1,2) Foo WL (1,2) Bauer M (1,2) and

Press A (1,2)

(1) Department for Anesthesiology and Intensive Care Medicine, AG

Nanophysiology, Jena University Hospital, Jena, Germany, (2) Cen-

ter for Sepsis Control and Care, Jena University Hospital, Jena,

Germany

Introduction: Hepatocytes express transporting proteins like the

multidrug-resistance associated polypeptide 2 (MRP2) on their apical

pole to eliminate bile salts as well as endo- and xenobiotics into the

bile. To secure its eliminating function, MRP2 has anchored into the

canalicular membrane via the ezrin-radixin-moesin (ERM) family

proteins that link it to the scaffolding fibrillary actin (f-actin). In the

course of sepsis, local cytokine release will stimulate numerous

Abstracts S15

123



signaling cascades. Among many others, the production of reactive

oxygen species (ROS) and the upregulation of Protein Kinase C

(PKC) family enzymes has been notified. In preliminary cell culture

experiments, PKC activation as well as ROS inducement has led to

the loss of MRP2 from the canalicular membrane and therefore to

excretory dysfunction in hepatocytes (cholestasis).

Objectives: To understand the mechanisms behind hepatocyte scaf-

folding and MRP2 internalization that lead to excretory dysfunction,

we investigated the link to ROS release and PKC upregulation in

small rodent liver tissue.

Methods: We established a method of liver perfusion in mice with

physiological buffer solution. In the treatment groups, ROS inducer

tert-Butyl hydroperoxide (tBHP) or the PKC activator phorbol

12-myristate 13-acetate (PMA) were added to the buffer. Perfused

liver tissue was stained for MRP2, ERM-proteins, and f-actin. The

quantity, as well as the localization of stained proteins in hepatocytes,

were analyzed via confocal imaging. To assess and quantify the

impact of ROS and PKC treatment on liver excretory function,

Indocyanine Green (ICG)-excretion rate of hepatocytes was quanti-

fied by in vivo microscopy of perfusion experiments.

Results: TBHP and PMA treatment lead to an internalization of

MRP2 from the canalicular membrane. Also, f-actin is diminished in

width and overall signal intensity at the hepatocyte membrane which

correlates with a loss of ERM proteins in the treatment groups. Fur-

thermore, the ICG-excretion rates show longer storage times and

decreased MRP2 activity in liver tissue of PMA or ROS treated mice

compared to the control group.

Conclusions: In clinical diagnostics, ICG is used to determine hepatic

clearance rate. Our data depict, that treatment of mice with PKC

activator or ROS inducer affects the excretion rate of ICG in liver

tissue of small rodent. To investigate the mechanisms behind this loss

of functionality, we analyzed morphological changes in our treatment

groups. The diminishment of f-actin scaffolding and ERM proteins

are consistent with the internalization of MRP2 into the cytosol of

hepatocytes in treated liver tissue. These findings show, that PKC

upregulation and ROS are involved in signaling cascades that lead to

morphological rearrangement and ultimatively cholestasis in

hepatocytes.
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Redox regulation of PPARc in polarized macrophages
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Main, Germany, (3) Branch for Translational Medicine and Phar-

macology, Fraunhofer Institute for Molecular Biology and Applied

Ecology IME, Theodor-Stern-Kai 7, 60596 Frankfurt/Main, Germany

Introduction: Sepsis is characterized by a hyper- and a hypo-in-

flammatory response, occurring in parallel. As key players of the

innate immune system, macrophages (MU) are involved in these

responses and can shape specific phenotypes according to their task.

Thereby, MU can be classical activated by lipopolysaccharide (LPS)/

interferon-c (IFNc) resulting in a pro-inflammatory expression pro-

file. Contrarily, an alternative activation of the MU is triggered e.g. by

interleukin-4 (IL4), leading to an anti-inflammatory expression pat-

tern. These distinct expression patterns of polarized MU account for

variable intracellular redox conditions, which may induce redox

modifications, affecting protein function, and perhaps altering sepsis

outcome.

Objectives: We determined how the MU redox status affects the

nuclear receptor PPARc, which has been shown to be mandatory

during alternative MU activation. Because additional to its function as

a transcription factor, the protein is also known to interact DNA

unbound with pro-inflammatory transcription factors such as NF-AT

or NF-jB, transrepressing target genes. Therefore, we hypothesized a

role of the cellular redox status in regulating these two functions of

PPARc.

Methods: To prove our assumption, we first determined the redox

status of MU following alternative and classical activation, by

employing the redox sensitive marker protein roGFP2, coupled to

Grx1 or PPARc to analyze cytosolic and nuclear redox stress. The

redox status of PPARc was identified by mass spectrometry (MS).

PPARc function was followed by reporter gene assays. Its cellular

localization was examined by Western blot analyses. Co-IP studies

were used to identify specific redox stress-based protein–protein

interactions of PPARc.

Results: Using the redox sensitive GFP2 (roGFP2), we validated

oxidizing and reducing conditions following classical and alternative

MU activation. MS analysis of PPARc revealed that cysteine residues

located in the zinc finger regions, reflected by the MS analyzed

fragments aa 90–115, aa 116–130, and aa 160–167 of PPARc, were

highly oxidized in response to LPS/IFNc, accompanied by phos-

phorylation of serine 82. IL4-stimulation provoked minor serine 82

phosphorylation and less cysteine oxidation, referring to a reductive

milieu. Mutating these cysteines to alanine to mimic PPARc oxida-

tion reduced its reporter gene transactivation, indicating lower

transactivating ability of PPARc associated with classically activated

MU. Moreover, classically compared to alternatively MU polarization

alters PPARc expression and localization, giving rise to vimentin

binding of PPARc in classically activated MU only, suggesting an

altered protein–protein interaction profile of PPARc accompanying

the MU phenotype shift.

Conclusions: Our data support the notion that altering the redox

status in MU will alter protein function as exemplified for PPARc.

Therefore, it will be interesting to follow up this approach in an

in vivo setting of polymicrobial sepsis in the mouse by testing whe-

ther altering the redox profile will shift MU phenotypes and thus,

improve sepsis outcome.
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Pathogen-specific plasticity of innate immunity

Hafner A (1), Schaack D (1), Kubatzky KF (2), Weigand MA (1),

Dalpke A (2,3), Uhle F (1), Eigenbrod T (2)
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Heidelberg, Germany, (2) Department of Infectious Diseases, Medi-

cal Microbiology, University Hospital Heidelberg, Heidelberg,

Germany, (3) Institute of Medical Microbiology and Hygiene, Tech-

nical University Dresden, Dresden, Germany

Introduction: Streptococcus pyogenes is a highly versatile, gram-

positive human pathogen causing a broad range of infectious diseases.

These vary from common mild infections such as pharyngitis to

severe, invasive infections such as necrotizing fasciitis. Although the

mechanisms by which innate immune cells detect S. pyogenes have

increasingly been understood, the pathogen-specific innate immune

cell adaptations evoked by S. pyogenes encounter have not yet been

investigated.
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Objectives: We aimed to analyze the metabolic, epigenetic and

functional adaptations of murine bone marrow-derived macrophages

(BMDMs) upon S. pyogenes infection compared to E. coli infection

in vitro.

Methods: For analysis of cellular metabolism, BMDMs from wild

type (WT) mice were infected with S. pyogenes or E. coli, respec-

tively, and real-time analysis of extracellular acidification rate and

oxygen consumption rate using Seahorse technology was performed.

To evaluate an S. pyogenes-induced functional reprogramming,

infected BMDMs were washed 22 h post infection, exposed to a

secondary stimulus, and inflammatory cytokine levels were measured

by ELISA. To assess epigenetic rewiring, chromatin immunoprecip-

itation followed by high-throughput sequencing was performed.

Results: While oxidative phosphorylation was completely disrupted

in WT BMDMs upon both S. pyogenes and E. coli infection, gly-

colysis was upregulated solely in S. pyogenes infected cells.

Moreover, only BMDMs initially infected with S. pyogenes displayed

enhanced responsiveness to TLR4 restimulation via LPS, with

markedly increased inflammatory cytokine levels observed in S.

pyogenes primed cells compared to E. coli infected or non-treated

controls. Strikingly, both S. pyogenes and E. coli infection induced a

profound, but distinctive, epigenetic reprogramming of BMDMs

within the promotor regions of immune-relevant genes, mediated by

the trimethylation of lysine 4 of histone 3.

Conclusions: S. pyogenes launches a profound and pathogen-specific

functional reprogramming in BMDMs, leading to an increased release

of inflammatory cytokines in vitro upon restimulation. Those func-

tional changes are corroborated by a major metabolic rewiring with a

complete shutdown of mitochondrial respiration and distinctive

changes in the epigenome.

064
Infection 2019

Influence of human blood proteins on cross-phylum biofilm of
Candida albicans and Enterococcus faecalis

Meyer S (1), Wagner L (1,2), Böttcher B (1), Vylkova S (1,3)

(1) ZIK Septomics, Jena, (2) Center for Sepsis Control and Care

(CSCC) Universitätsklinikum Jena, (3) Friedrich-Schiller-University
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Introduction: Central line-associated bloodstream infections

(CLABSI) are responsible for about 5% of infections obtained on the

intensive care unit (ICU) and focus of infection in 3.3% of sepsis

cases. However, true infection rates are unknown since proof of

CLABSI is difficult and can often only diagnosed when the central

venous catheter (CVC) is removed. Nevertheless, the National Ref-

erence Center for Nosocomial Infections reported for 2017 that

CLABSI in intensive care units was mainly caused by Staphylococcus

spp. and enterococci bacteria, and the fungal pathogen Candida

albicans, the later responsible for 7.3% of the reported infections.

Recent studies using in vitro and in vivo animal models suggest that

host factors and contamination of the CVCs with skin-associated and

other bacteria are important for C. albicans biofilm formation, but the

data has not been validated in CLABSI patients.

Objectives: We hypothesize that CVC-associated host proteins and

bacterial colonization contribute to C. albicans biofilm formation in

clinical settings. Therefore the aim of this project is to establish a

protocol for the formation of C. albicans and E. faecalis dual species

biofilms to further test the influence of single human blood proteins.

Methods: Different incubation conditions like growth media, inocu-

lation density and adherence times have been tested in 24-well plates.

Biofilm metabolic activity and biomass were quantified using

colorimetric assays (resazurin, crystal violet). To test the influence of

host factors, the wells were coated with human serum before inocu-

lation. To visualize fungal and bacterial behavior in biofilms, life/

dead and fungal-specific staining were applied and analyzed by flu-

orescence microscopy.

Results: The E. faecalis strain ATCC 29212 adheres better to

uncoated plastic surfaces compared to OG1RF strain. Solid 24 h-

biofilms were formed after an initial adherence phase of E. faecalis

(4.5 h, 7 9 107 cells/ml) in tryptic soy broth, supplemented with 1%

glucose and a second adherence phase of C. albicans in RPMI (1.5 h,

5 9 106 cells/ml) or vice versa. Initial adherence of C. albicans to the

plastic surfaces produced mixed biofilms with higher biomass and

metabolic activity compared to biofilms where E. faecalis adhered

first. In addition, E. faecalis ATCC 29212 strain allowed for more

robust biofilm formation. Serum-coated wells lead to further

improvement of biofilm biomass and metabolic activity. Different

fluorescence dyes allowed optical evaluation of C. albicans hyphal

morphogenesis and for evaluation of biofilm viability.

Conclusions: The experimental conditions for in vitro mixed species

biofilm formation of C. albicans and E. faecalis were determined. The

fungus seems to serve as a scaffold for mixed biofilm formation.

Next, we aim to dissect the influence of single abundant blood pro-

teins on single and mixed biofilm formation. Further, we will now

transfer these results to an in vitro and ex vivo central venous catheter

model and to a flow model using a BioFluxTM device.
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Lactate as metabolic checkpoint of innate immunity
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Introduction: Patients suffering from sepsis frequently show elevated

blood lactate levels. As the universal end product of glycolysis, the

systemic occurrence of lactate is considered to be a result of tissue

hypoperfusion and cellular oxygen shortage. Nevertheless, also acti-

vated immune cells like monocytes undergo metabolic

reprogramming and increase glycolysis, while simultaneously shut-

ting down mitochondrial respiration despite sufficient oxygen tension.

Objectives: Linking these two aspects with each other, we hypothesized

that apart from its role as a biomarker, lactate might exert long-distance

effects on immune cells altering their response upon activation.

Methods: The monocytic MonoMac6 cell line was stimulated with

various toll-like-receptor agonists (e.g., LPS and advanced glycation

endproducts) after priming with increasing concentrations of Na-

lactate (1–10 mM). As readout, IL-6 production was measured using

ELISA or the expression of the corresponding gene by qPCR. Mass

spectrometry was used to assess intracellular metabolite concentra-

tions. Real-time assessment of intracellular energy pathways was

done using Seahorse technology.

Results: Irrespective the stimulus, short Na-lactate-priming (1 h)

strongly reduced IL-6 cytokine production, accompanied by a reduced

expression of the corresponding gene. Notably, this effect was also

observable when Na-lactate was added simultaneously or even after

the immunogenic stimulus. Lactate as well as sorbitol was found to

accumulate intracellularly. The latter indicates a shunt of glucose into

the branching polyol pathway, hinting towards a shutdown of gly-

colysis. This was further substantiated by a decreased glycolytic flux

in Seahorse assay. Opposingly, long-term priming (24 h) with Na-

lactate induced cellular adaption and abolishment of the lactate effect.
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Conclusions: Our results indicate that, apart from its passive role as a

clinical biomarker, exogenous lactate acts as a metabolic checkpoint,

shaping monocyte function by indirectly blocking intracellular gly-

colysis. Therefore, a transient elevation of systemic lactate might be

considered as an evolutionary mechanism of the organism counter-

acting excessive inflammation, also raising the question of potential

therapeutic applicability.
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The critical role of SPNS2 in regulating endothelial barrier
function under healthy and sepsis condition
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Introduction: Microvascular dysfunction, a hallmark of sepsis, is

characterised by disruption of endothelial cell (EC) barriers from the

hasty outbreak of cytokines. Stabilisation of the vascular EC barrier is

necessary for maintaining homeostasis. Studies have demonstrated

that this can be achieved by targeting sphingosine 1-phosphate

receptors (S1PRs), a class of G-protein coupled receptors on

endothelial cells. Signaling via S1PRs is mediated by sphingosine

1-phosphate (S1P). S1P at low nanomolar levels are sufficient to

activate S1PRs, while high concentrations lead to internalisation and

desensitisation of S1PRs, particularly S1PR1. Studies show that

barrier function is maintained via S1PR1 however, the mechanism

behind EC barrier stabilisation at high S1P levels in plasma is unclear.

Objectives: The principal aim of this study was to investigate the

mechanism behind EC barrier stabilisation at high plasma S1P levels

under physiological and pathophysiological conditions by using

human umbilical vein endothelial cells (HUVEC) and the endothelial

cell line EA.hy926 as endothelial models.

Methods: Electric cell-substrate impedance sensing (ECIS) mea-

surements under the static condition and organ-on-a-chip under

dynamic condition along with fluorescein isothiocyanate (FITC)-

dextran assay were used to demonstrate EC barrier function upon

stimulation with different pharmacological compounds. Further, liq-

uid chromatography coupled to triple-quadruple mass spectrometry

(LC–MS/MS) was used to analyse the production and excretion of

lipid metabolites in cell and medium samples. Besides, quantitative

polymerase chain reaction (qPCR), Western blot and immunofluo-

rescence microscopy were used to investigate the expression and

alteration of VE-cadherin at gene and protein levels under healthy as

well as inflammatory conditions.

Results: In HUVEC ECIS measurements demonstrated a change in

cell monolayer resistance upon stimulation at 6 kHz. Blocking of

S1PR1 with specific antagonist led to barrier destabilisation. Also,

LC–MS/MS revealed S1P traces in the medium. Scavenging S1P by

S1P antibody also led to barrier destabilisation. While EA.hy926 did

not respond to S1PR1 antagonist or S1P antibody treatment, LC–MS/

MS showed that EA.hy926 did not excrete S1P. This could be due to

the lack of S1P transporter, spinster homolog 2 (SPNS2) in EA.hy926

but not in HUVEC, which was supported by media exchange

experiments. Interestingly, lack of exogenous S1P leads to decrease in

VE-cadherin association at the cell junctions in EA.hy926 and

HUVEC. Furthermore, organ-on-a-chip analyses in combination with

FITC-dextran permeability assays revealed that the fluorescence

intensity was reduced at high concentration of S1P-perfused cell

monolayers compared to vehicle, implying barrier maintenance at

high S1P level. Based on these findings, it was speculated that

autonomously produced S1P is most likely transported via SPNS2.

Transported S1P can then act on S1PR1, which is expressed on the

tissue facing side of the endothelial cells, in an autocrine or paracrine

manner, illustrating the autonomous mode of action. This serves as

the mechanistic model explaining the regulation of S1PR1 activity in

the presence of high plasma S1P concentrations. Also, the effects of

cytokine mix together with lipopolysaccharide treatment (mimicking

inflammation) on the production and transportation of S1P was

examined. Interestingly, S1P secretion was reduced, and this was

likely due to the increase in S1P-lyase (SGPL1), lipid phosphate

phosphatase 3 (LPP3) and decrease in SPNS2 expression. Besides,

VE-cadherin production was reduced after cytokine treatment due to

alteration in S1P production and excretion.

Conclusions: To sum up, S1P release is steadily controlled by SPNS2

and, it is crucial for the maintenance of barrier function. Lack of

SPNS2 expression can lead to loss of basal barrier integrity. Based on

these findings, it is concluded that under high plasma S1P, EC barrier

function is maintained by S1P, which is produced and excreted by

endothelial cells in the nanomolar range. This low concentration of

S1P is sufficient to mediate signaling via S1PR1, which is expressed

on the endothelium and faces the tissue side of the vascular system.

Also, under inflammatory conditions, expression of SPNS2 along

with SGPL1 and LPP3 are altered thus, the autonomous mode of

action is hindered and leads to loss of barrier integrity. Additionally,

an auxiliary supply of S1PR1 agonists or production of S1P from

tissues may, thus, support the recovery of EC barrier function

mediated by S1PR1 expressed on the plasma or tissue facing side as

they are unaffected during sepsis condition.
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Introduction: S1P, a bioactive phospholipid, is a ligand for five

G-protein-coupled cell surface receptors designated S1PR1-5. It

regulates pathophysiological processes involved in sepsis progression,

including endothelial permeability, cell migration, cytokine release

and vascular tone. S1P acts to promote endothelial cell (EC) barrier

function. In plasma, S1P is carried by the ApoM ? sub-fraction of

HDL (* 65%) and SA (* 35%). In patients with sepsis, serum-S1P

levels are dramatically decreased as well as HDL- and SA-levels. This

may contribute to increased vascular permeability during sepsis

progression.

Objectives: In this study we investigate the different effects and the

underlying molecular mechanisms of both carriers to the signal

transduction of S1P.

Methods: In order to study the influence of S1P carriers with regard

to EC barrier stabilization, electric cell substrate impedance sensing

(ECIS) measurements were performed. The endothelial cell line
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EA.hy926 as well as primary human umbilical vein endothelial cells

(HUVEC) served as endothelial model systems. Transwell migration

assays with primary mouse lymphocytes (PML) followed by flow

cytometry were used to study the impact of the S1P carriers on cell

migration.

Results: ECIS results with EA.hy926 and HUVEC pointed to dif-

ferent physiological effects of both S1P carriers. Stimulations with

300 nM S1P and 50 mg/ml human SA enhanced the EC barrier sig-

nificantly better compared to S1P with 0.5 mg/ml HDL or S1P alone.

Initial experiments with PML demonstrated increased cell migration

with 10 nM S1P and HDL compared to S1P and SA or S1P alone.

Conclusions: These results show that HDL and SA are not only S1P

carriers, but also impart different effects on S1P signaling. SA

enhanced S1P-mediated EC barrier stabilization better than HDL,

whereas HDL supported lymphocyte migration more than SA. Fur-

thermore, the molecular basis of S1P signaling underlying these

physiological effects is currently investigated. Based on our current

results, SA could be a valuable target for pharmacological interven-

tions in the treatment of sepsis to maintain a stable EC barrier.
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Introduction: Sepsis is the main cause of death in intensive care units

worldwide. Sepsis is defined as a life-threatening organ dysfunction

owing to an abnormal host response to infection. The endothelial

function, which is able to be regulated and influenced by sphingosine-

1-phosphate (S1P), plays a crucial role in the organ failure caused by

sepsis. While blood-borne S1P is a critical requirement for a func-

tional vascular endothelial barrier, the regulatory pathways

underlying its maintenance are largely unknown. The gradient of S1P

concentration in plasma[ lymph[ tissue is essential for the main-

tenance of endothelial barrier function and other S1P-dependent

processes such as leukocyte trafficking. Therefore, modulation of S1P

degradation is also an important event for endothelial barrier function.

The function of serum albumin in sepsis patients is not fully under-

stood. A low concentration of serum albumin is associated with poor

outcome in septic patients. S1P in blood is mainly associated with

high-density lipoprotein (HDL) and serum albumin. More than 50%

of plasma S1P is bound to HDL and about 40% is associated with

albumin. Current data indicate that S1P is not physically bound with

serum albumin at physiological concentrations. Our data indicate that

serum albumin may protect S1P from degradation by a yet unknown

mechanism.

Objectives: The effects of bovine serum albumin (BSA) and human

serum albumin (HSA) on degradation and metabolism of S1P were

investigated.

Methods: Flow cytometry, cell culture experiments, liquid chro-

matography coupled to triple-quadrupole mass spectrometry (LC/MS/

MS), and SDS-PAGE electrophoresis were used to investigate the

effects of BSA and HSA on degradation and metabolism of S1P.

Results: After overnight incubation with rat hepatoma HTC4 and

human endothelial EA.hy926 cells, S1P was protected from meta-

bolism by BSA and HSA. Pepsinized BSA and ovalbumin didn’t have

this effect. After overnight incubation with HTC4 cells, cell media

with S1P and BSA induced more S1P1 receptor internalization of

S1P1-hemagglutinin epitope-tagged HTC4 cells, compared with cell

media only with S1P.

Conclusions: Based on our current data, serum albumin may be able

to protect S1P from degradation. To determine the molecular mech-

anism, incubations with different S1P-metabolizing enzymes and

different spectrometric analyses for structural analyses and determi-

nations of S1P-serum albumin-interactions are currently investigated.
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virus infection leads to damage of epithelial and endothelial cell
layers

Deinhardt-Emmer S (1,2,3), Schicke E (3), vom Werth K (3),
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Introduction: The seasonal influenza virus (IV)-associated bron-

chopneumonia is one of the infectious diseases with the highest

population-based mortality. Likewise, respiratory tract infections

represent the most common cause of sepsis. Beyond the virulence of

the virus itself, epidemiological data suggest that bacterial co-infec-

tions are the major cause of increased mortality. In this context,

Staphylococcus aureus (S. aureus) represents a frequent causative

bacterial pathogen in secondary pneumonia.

Objectives: The aim of the present work was to determine the

crosstalk between IV and secondary bacterial infection regarding the

pathogen load and the inflammatory response of epithelial and

endothelial cell layers. For this, a human in vitro alveolus model

system composed of vascular and epithelial cell structures with co-

cultured macrophages resembling the human alveolus architecture

and functions will be established.

Methods: Singular and complex co-infection between IV and S.

aureus of different epithelial and endothelial cell lines as well as

infection of the human-alveolus-on-a-chip were performed in vitro.

The pathogen load was determined via the standard plaque assays and

serial dilution on agar plates. Cell death was determined via caspase

cleavage by western blot analysis. In addition, LDH assays, FACS

analysis, and immunofluorescence assays were applied.

Results: During viral and bacterial co-infection, we measured an

enhanced epithelial and endothelial cell damage compared to single

infections. Furthermore, an accelerated bacterial release could be

detected for the co-infection scenario. Here, we found significant

endothelial cell damage associated with loss of barrier function.

Endothelial cell damage was associated by the rapid spread of bacteria

from the epithelial to the endothelial cell layer 2.5 h post co-infection.

Conclusions: Taken together, our results demonstrate the close

interaction between host cells during infection. While epithelial cells

within the alveolus are important for the first step of infection,

endothelial cells become infected via the epithelial cells in a second

step. This process is also influenced by various immune cells. Finally,

the combined cell activation results in a robust inflammatory response

of immune cells, which contributes to the lung damage.
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The non-canonical NF-jB signalling pathway is involved in the
pathogenesis of Shiga-toxin-induced haemolytic-uraemic
syndrome in mice
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Coldewey SM (1,2)

*contributed equally, (1) Department of Anaesthesiology and Inten-
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Septomics Research Center, Jena University Hospital, Jena, Germany

Introduction: Haemolytic-uraemic syndrome (HUS) can occur as a

systemic complication of an infection with Shiga-toxin-(Stx)-pro-

ducing Escherichia coli (STEC). Microthrombotic haemolytic

anaemia, thrombocytopenia and acute kidney failure are the typical

clinical symptoms in HUS. However, the neurological or cardiovas-

cular system can also be severely affected. It has been shown

previously that proinflammatory cytokines that are associated with the

induction of the classical NF-jB signalling pathway are increased in

HUS patients. Stx is the most important virulence factor of STEC and

contributes to this host response. The role of the non-canonical NF-

jB signalling pathway, in which the heterodimeric transcription

factor NF-jB2/RelB is involved, has not been yet investigated in

HUS.

Objectives: The aim of this study was to elucidate the impact of the

non-canonical NF-jB signalling pathway in the pathogenesis of

STEC-HUS in mice.

Methods: HUS was induced by Stx administration in C57BL/6J mice

as described previously [1]. Seven days after the induction of disease,

kidney biopsies were taken from sham- and Stx-challenged mice. The

activation of the non-canonical NF-jB signalling pathway was

analysed comparatively in these kidney samples by investigating the

gene and/or protein expression level of the key proteins involved in

the pathway, NF-jB2, RelB, NIK, IKKa, TRAF2 and TRAF3, and of

the pathway-activating receptors Fn14 and CD40 by performing

western blot and real-time quantitative PCR analysis. The degree of

the translocation of NF-jB2/RelB into the nucleus, and thus its

functional activation, was verified on protein level by cytosolic and

nuclear fractionation. The statistical analysis was performed using

Mann–Whitney U test.

Results: Compared to sham mice, Stx-challenged mice developed

severe clinical symptoms, including acute kidney injury, as described

previously for this model. In kidneys of Stx-challenged mice we

observed a significantly increased protein expression of the hetero-

dimeric transcription factor NF-jB2/RelB and a significantly elevated

translocation of these signalling proteins into the nucleus. Further-

more, Fn14 protein expression and CD40 gene expression–both

upstream activators of the non-canonical NF-jB signalling pathway–

were significantly increased. These results indicate an activation of

the non-canonical NF-jB signalling pathway in the kidneys of mice

with HUS.

Conclusions: For the first time, we provide evidence for the

involvement of the non-canonical NF-jB signalling pathway in the

pathogenesis of STEC-HUS.

References: [1] Dennhardt S, Pirschel W, Wissuwa B, Daniel C,

Gunzer F, Lindig S, Medyukhina A, Kiehntopf M, Rudolph WW,

Zipfel PF, Gunzer M, Figge MT, Amann K, Coldewey SM (2018)

Modeling Hemolytic-Uremic Syndrome: In-Depth Characterization

of Distinct Murine Models Reflecting Different Features of human

Disease. Front Immunol 2018 9:1459.
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Introduction: Despite the current advances in surgery, the actual

clinical problem in medicine is the treatment of large wound defects

with the presence of infection [1, 2, 3]. One of the effective methods

used in the treatment of both acute and chronic wounds is VAC [4].

Objectives: Explore using VAC- therapy for treatment for soft tissue

wounds of different genesis.

Methods: Clinical observation was performed in 46 patients with

wound defects of soft tissues of various genesis. The patients

were divided into two groups: study group—32 patients, con-

trol—14 patients. The bacterial landscape of the wounds was

determined by a qualitative and quantitative method of analysis

of the microflora of soft tissue biopsy tissues obtained during

dressing from the area of the bottom and edges of the wound

(Table 1). In the first group, additional use was made of NPWT

(HEACO).

Table 1 Characteristics of the microbial landscape are presented
Bacterial flora Group

Study Control
St.aureus 12 (38) 6 (43)
Str.spp. 8 (25) 3 (21)
Enterobacter aerogenes 7 (22) 3 (21)
Association of 
microorganisms

5 (15) 2 (15)

Results: Study showed that the use of the vacuum therapy method in

first group significantly reduces the treatment period compared with

the use of conservative techniques. In first group, the average terms of

treatment were (19.3 ± 13.9) days, in second—(40.0 ± 28.2) days.

After treatment, the wound area in the first group of patients was

(68.1 ± 45.3) cm2, in the second—(74.4 ± 46.2) cm2 (p\ 0.05).

The study showed that the level of bacterial insemination on the 4th

day of treatment against the background of bacterial therapy in the

first group was, on average, 103–104 microbial cells per 1 g tissue, in

the second 105–106. Operative recovery was performed in 46 patients

(Table 2).

Conclusions: 1. The use of controlled VAC therapy is a highly

effective method for treating wound defects in soft tissues. 2. VAC-

therapy significantly accelerates the bacterial decontamination of the

wound defect.

References: 1. Anagnostakos, K. Bacteria identification on NPWT

foams: clinical relevance or contamination. K. Anagnostakos, P.

Mosser. Wound Care. 2014;23:191–194. 2. Orgill, D. P. Negative

pressure wound therapy: past, present and future. D. P. Orgill, L.

R. Bayer. Int. Wound J. 2013; 10(Suppl 1): 15–9. 3. Schintler, M.

V. Negative pressure therapy : theory and practice. M. V. Schintler.

Diabetes Metab. Res. Rev. 2012; 28(Suppl. 1):72–77. 4. Vacuum-

assisted closure: a new method f or wound control and treatment:

animal studies and basic foundation. M. Morykwas et al. Ann. Plastic

Surg. 1997;38(6):553–562.
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Maintaining hepatic PD-L1 expression improves sepsis survival in
a murine polymicrobial sepsis model by tolerizing CTL
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Introduction: Multi-organ failure (MOF) is an important character-

istic in sepsis progression, often associated with the patient�s death.

Therefore, understanding mechanisms leading to MOF, which allow

new treatment strategies, are mandatory to improve sepsis survival.

Objectives: One of the affected organs is the liver. Considering the

established role of cytotoxic T lymphocytes (CTL) in murine sepsis,

we focused on targets known to induce CTL tolerance and activation,

thus contributing to CTL-dependent liver damage.

Methods: We used the Hepa1-6 cell line in vitro and a mouse model

of polymicrobial sepsis, following cecal-ligation and puncture (CLP)

in wild type, myeloid-specific NADPH oxidase (NOX)2, global

NOX2 and NOX4 knockout-mice for in vivo experiments. As read-

outs, we determined mouse survival, the release of alanine- and

aspartate amino-transaminases as well as liver mRNA and protein

expression. We restored hepatic expression of PD-L1 by adenoviral

transfer and a transposon-based setting applying hydrodynamic

injection (HDI). As a pharmacological approach, we utilized recom-

binant PD-L1-Fc to induce PD-1 signaling. N-Acetylcysteine (NAC)

was employed in vitro to scavenge reactive oxygen species (ROS).

Results: Expression of PD-L1 was downregulated on hepatocytes

following CLP induction. Restoring hepatic PD-L1 expression by

adenoviral transfer or HDI significantly improved mouse survival.

Interestingly, adenoviral transfer itself reduced CLP-dependent liver

damage, whereas HDI itself did not alter the release of liver damage

markers following CLP operation. With a pharmacological approach,

applying recombinant PD-L1-Fc directly following CLP operation,

liver damage was also reduced. Because we mechanistically found

that NAC inhibited PD-L1 downregulation on Hepa1-6 cells stimu-

lated with LPS, we determined the role of ROS in vivo. We found an

increase of hepatic PD-L1 expression in sham-operated NOX4

knockout mice. Its expression in myeloid specific NOX2 knockout as

well as global NOX2 knockout mice was comparable to that in wild

type animals. Following CLP, PD-L1 expression stayed only high in

global NOX2 knockout mice, associated with a significant reduction

of liver damage.

Conclusions: We suggest that contrary to the common assumption,

PD-L1 expression on hepatocytes is important to maintain CTL tol-

erance. Therefore, administering recombinant PD-L1 or scavenging

ROS formation might be a new therapeutic strategy in sepsis.
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(1) Department of Cardiothoracic Surgery, Jena University Hospital-

Friedrich Schiller University of Jena, Jena, Germany, (2) Department

of Physiology and Pharmacology, College of Medicine and Life

Sciences, The University of Toledo, Toledo, Ohio, USA, (3) Depart-
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Introduction: Sepsis is associated with mitochondrial dysfunction

and exercise capacity influences sepsis outcome. However, exercise

capacity consists of a genetic and an acquired component which

cannot be assessed separately in humans. High exercise capacity has

been suggested associated with improved mitochondrial function and

mitochondrial function may predict mortality. However, the effect of

sepsis on cardiac and skeletal muscle mitochondrial function may

depend on intrinsic exercise capacity.

Objectives: The objective of this study was to evaluate the influence

of sepsis on mitochondrial function in both rats with high and low

intrinsic exercise capacity.

Methods: Sepsis was induced by intraperitoneal injection of human

feces (peritoneal contamination and infection model—PCI) in rats

with high (HCR) or low (LCR) intrinsic exercise capacity. Sepsis

severity was assessed after 6 and 24 h. Cardiac, skeletal muscle and

hepatic mitochondria were isolated after 24 h of sepsis.

Results: PCI resulted in severe sepsis in both rats with high and low

exercise capacity. In HCR, sepsis severity score as well as body

temperature was higher at 6 h post induction. Cardiac as well as

hepatic citrate synthase activity was comparable in HCR and LCR

with or without sepsis. In gastrocnemius, HCR presented with higher

citrate synthase activity. This was not affected by sepsis. Maximal

respiratory capacity was higher in cardiac interfibrillar mitochondria

Table 2 Type of operations
Nosology Type of surgical intervention

Auto 
dermoplasty

Flap plastic 
with axial 
blood flow

Local 
plastic 

flap

Plastic 
flap 
from 

distant 
areas of 

the 
body

Total

Postoperative 
wounds

5 (11%) 8 (18%) 6 (13%) 2 (4%) 21 
(46%)

Burn injuries 5 (11%) - 1 (4%) - 6 (13%)
Bedspreads 2 (4%) 5 (11%) 1 (4%) - 8 (17%)
Trophic 
ulcers

4 (9%) - - - 4 (9%)

Diabetic foot 
syndrome

5 (11%) - - 2 (4%) 7 (15%)

Total 21 (46%) 13 (29%) 8 (17%) 4 (8%) 46 (100)
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(IFM) in HCR using glutamate as a substrate. Cardiac subsarcolem-

mal mitochondria (SSM) were not different between HCR and LCR.

No difference between HCR and LCR was found in hepatic as well as

skeletal muscle mitochondrial function. Sepsis reduced respiratory

capacity in cardiac IFM but had no effect on hepatic and skeletal

muscle mitochondrial function. Furthermore cardiac SSM remained

unaffected by sepsis as well. Mitochondrial ATP/O ratio as a measure

of efficacy was not different between HCR and LCR and not affected

by sepsis.

Conclusions: Our results indicate that isolated mitochondrial function

and sepsis severity do not seem to be related in our model of high and

low intrinsic exercise capacity. The results question a potential rela-

tionship between mitochondrial function and sepsis severity.
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Protecting the endothelium with hemoperfusion during sepsis
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Germany, (2) Exthera Medical, Martinez, CA 94553, USA

Introduction: Sepsis is the systemic response to an uncontrolled

infection. Sepsis can also be described as a ‘‘severe endothelial dys-

function syndrome in response to intravascular and extravascular

infections’’ (NIH/NHLBI Sepsis Panel 2010), leading to multiple

organ failure by disrupting the nurturing microcirculation. There are

many mediators that contribute to endothelial dysfunction, so tar-

geting only a single one is unlikely to improve sepsis outcomes. Three

potent sepsis mediators significantly elevated in septic shock and

believed to be significant contributors to endothelial dysfunction are

Heparin-binding protein (HBP), Histone H4 and lipopolysaccharide-

binding protein (LBP). HBP is a mediator with positive local, but

disadvantageous systemic effects. After contact with the endothelium

HBP is released by activated neutrophils, functioning inter alia as a

chemoattractant and inducer of endothelial leakage for neutrophil

extravasation. However, in sepsis patients HBP is an early indicator

of developing circulatory failure and death. Histones are intracellular

proteins that compact chromosomal DNA in the nuclei of eukaryotic

cells. They are released upon cellular damage and contribute to ini-

tiation, amplification, and propagation of DIC. High histone levels

can be found in sepsis, trauma, and pancreatitis. Histones are highly

inflammatory and induce the release of several pro-inflammatory

cytokines. They contribute to DIC by activating platelets and pro-

moting thrombin generation. LBP is an acute phase protein that

mediates the inflammatory effects of lipopolysaccharides (LPS) by

Toll-like receptor 4 activation. LBP is necessary for inducing

inflammation on human glomerular endothelial cells, and reduction of

plasma LBP levels has been shown to prevent endothelial and tubular

dysfunction in animal models (Castellano et al. 2014).

Objectives: By quickly removing these mediators, it should be pos-

sible to blunt endothelial activation and dysfunction during sepsis.

Some in vitro binding results of HBP, Histone H4 and LBP are

presented here.

Methods: The resin from the Seraph� 100 Microbind� Affinity

Blood filter (Seraph) and negative controls were provided in 2.5 ml

minicartridges by the manufacturer (Exthera Medical, Martinez, CA

94553, USA). The resin is made of ultrahigh molecular weight

polyethylene beads with covalently end-point-attached heparin.

Human plasma (Cat. #P9523, Sigma-Aldrich, Darmstadt, Germany)

was spiked with each 100 ng/ml of human recombinant HBP (Cat.

#C430, Novoprotein, Summit, NJ, USA) and histones (Cat. #16736,

Cayman Chemical, Ann Arbor, Michigan, USA). LBP (#10526-

H08H, Sino Biological, Beijing, China) was added at a concentration

of 4 lg/ml. Next the minicartridges (39 controls with untreated

beads, 39 treated beads) were primed with saline and finally 2 ml of

plasma slowly (ca. 25 s) passed through the cartridge. After subse-

quent elution of the remaining saline (and 0.5 ml plasma) the final

gravity-based flow was saved and used for ELISAs (HBP:

#FMHBP100, Axis-Shield, Dundee, Scotland Histone H4: Cat.

#MBS2022638, MyBioSource, San Diego, CA, USA LBP: CSB-

E09629 h, Cusabio Biotech Co, Ltd, Wuhan, China). Experiments

were performed in triplicate.

Results: Results showed a very rapid and significant reduction of

HBP, Histone H4 and LBP by the heparinized beads. For HBP,

reductions of 99.9%, 89.9%, and 50% for heparinized beads, hydro-

philic control beads, and cationic control beads, respectively. For

Histone H4, reductions of 98% and 17% were observed for hep-

arinized and hydrophilic control beads, respectively. LBP was cleared

at 100% (heparinized beads) and 0% (untreated beads). The hydro-

philic control beads are slightly electronegative, which may explain

the binding to this surface, however the hydrophilic beads are not

sufficiently blood compatible, whereas the heparin-functional beads

are antithrombogenic.

Conclusions: The endothelial function is primarily regulated through

the glycocalyx as it mediates adhesion of platelets and leukocytes,

hemostasis, and vascular barrier functions. Therefore, shedding of

glycocalyx is the first step of endothelial disfunction, and is caused by

many mediators. Important examples include HBP, histone H4 and

LBP; they are considered to be therapeutic targets. In this study, it

was found that the heparin-functional adsorption media used in Ser-

aph filters demonstrated high affinity for HBP, Histone H4 and LBP

with rapid binding kinetics. Previous studies with a broad spectrum of

viral and bacterial pathogens, which includes animal and in vitro

results, have shown the ability of Seraph 100 to rapidly reduce the

pathogen load from the bloodstream. The ability to rapidly reduce

both sepsis mediators and pathogens should provide a much-needed

tool to prevent and/or treat sepsis.
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The role of mTOR1-dependent metabolic adaption for
macrophage function

Koceva H (1), Carlstedt S (1), Mosig A (1), Rubio I (2)

(1) Center for Sepsis Control and Care, Jena University Hospital, (2)

Experimental Anesthesiology, Department of Anesthesiology and

Intensive Care Medicine & Center for Sepsis Control and Care, Jena

University Hospital

Introduction: The liver plays a central role in the host immune

response towards microbial infections. Accordingly, this organ is

highly prone to sepsis-induced inflammation and liver dysfunction.

The liver harbors high macrophage counts, comprising 80% of the

body’s macrophages. In order to prevent liver damage as a result of an

exaggerated inflammatory response, the activation and transformation

of monocytes to macrophages underlies a strict regulatory mecha-

nism. Upon infection, monocytes/macrophages undergo a metabolic

reprogramming regulated by one of the most important metabolic

regulators, mTORC1 (mechanistic target of rapamycin complex 1).

The serine/threonine protein kinase mTOR is a crucial regulator of

cellular metabolism, growth and survival in response to hormones,

growth factors and nutrients. Nevertheless, the underlying mechanism

of mTOR signaling in regulating macrophage activation is not fully

understood.
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Objectives: This study focuses on mTORC1-induced metabolic

reprogramming of macrophage activity during inflammation and liver

failure as well as the effect of an overactive mTORC1 signaling in the

same context.

Methods: Modified monocytes exhibiting a high mTORC1 activity

will be analyzed for their beneficial capacity in a liver organoid flu-

idic chip model. For this purpose, HepaRG and HUVEC cells were

seeded on a membrane that functions as a cell culture substrate.

Monocytes were isolated from a human donor and subsequently

electroporated for a siRNA-mediated knockdown of the vital negative

regulator of mTOR, TSC1/TSC2 (Tuberous Sclerosis Complex). The

mutated monocytes were seeded on the chip and cultured for 10 days.

The cells on the membrane of the chips were fixed and immunos-

tained for microscopic analyses. Furthermore the cytokine profile as

well as clinical parameters were examined from cell culture medium

supernatants. Additionally, pharmacological approaches were per-

formed by using inhibitors (Rapamycin and Torin 1) and an activator

(MHY145) of mTOR in the chip model.

Results: Pharmacological inhibition of mTOR with Rapamycin and

Torin 1 resulted in damage to the vascular layer in the liver chip

organoid under LPS (lipopolysaccharide) challenge. Expression of the

vascular endothelial cell marker VE-cadherin was not detectable 72 h

after stimulation with LPS. Inhibition of mTOR further caused ele-

vated levels of proinflammatory interleukines (IL-1b, IL-18 and IL-

6). In case of the anti-inflammatory cytokine IL-10, a significant

decrease was detected after measuring the cytokine expression from

the cell supernatant. Upon stimulation with the mTOR activator

MHY1485, no damage of the vascular layer was detected and VE-

cadherin was present even after LPS stimulation. Moreover,

improvement of the hepatic function, as assessed by expression of the

transporter protein MRP2 (Multidrug resistance-associated protein 2),

was detected.

Conclusions: Inhibition and activation of mTOR vastly influenced

the integrity of the vascular and hepatic layer in the organoid model.

Expression of proinflammatory cytokines was highly increased

whereas secretion of anti-inflammatory cytokines was reduced fol-

lowing mTOR inhibition with Rapamycin/Torin 1. This indicates that

mTOR signaling crucially affects the monocyte/macrophages-de-

pendent inflammatory response, which might represent an interesting

target for re-calibrating the dysregulated immune response in sepsis.

References: [1] Zhao Y, Zhu H, Wang H, Ding L, Xu L, Chen D,

Shen S, Hou Y, Dou H. FC-99 ameliorates sepsis-induced liver

dysfunction by modulating monocyte/macrophage differentiation via

Let-7a related monocytes apoptosis. Oncotarget

2018;9(19):14959–76. [2] Byles V, Covarrubias AJ, Ben-Sahra I,

Lamming DW, Sabatini DM, Manning BD, Horng T. The TSC-

mTOR pathway regulates macrophage polarization. Nature commu-

nications 2013;4:2834. [3] Triantafyllou E, Woollard KJ, McPhail

MJW, Antoniades CG, Possamai LA. The Role of Monocytes and

Macrophages in Acute and Acute-on-Chronic Liver Failure. Frontiers

in immunology 2018;9:2948.
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Introduction: Organ damage and mortality in sepsis have been

attributed to deleterious and inappropriate host response during

infection. Over the course of sepsis a systemic hyper inflammatory

response as well as innate immunosuppression may occur. Activation

of the innate immune system is a key host defense strategy for

clearance of the bacteria. The innate immune system recognizes

pathogen associated molecular patterns (PAMPs) and danger associ-

ated molecular patterns (DAMPs) through a set of germline-encoded

proteins called pattern recognition receptors (PRR). Apart from sur-

face PRRs, a wide array of microbial structures like lipids and nucleic

acids also activate the cytosolic inflammasome signaling cascade.

Depending on the ligand, inflammasome activation can occur through

either the canonical and non-canonical inflammasome activation

pathways. Gram-positive bacteria such as Staphylococcus aureus

(SA) and Group B Streptococcus (GBS) are the main causal organ-

isms of adult and neonatal sepsis. Molecular mechanisms which

activate inflammasome pathways during Gram-positive bacterial

infection and sepsis is poorly understood.

Objectives: In the pathogenesis of sepsis, how Gram-positive bac-

terial PAMPs activate the immune system is a major question. Having

recently discovered outer membrane vesicles as mediators of

inflammasome activation, we are currently analyzing pathways acti-

vated by extracellular vesicles derived from SA and GBS.

Methods: Re-addressing the formation and activation of the inflam-

masome pathway induced by bacterial extracellular vesicles. We used

an array of interdisciplinary techniques including electron microscopy

combined with state-of-the-art CRISPR/Cas genome editing tech-

nique and label free vibrational spectroscopic methods to study Gram-

positive bacterial recognition by human macrophages.

Results: We carried out a comprehensive structural and biochemical

analysis of extracellular vesicles isolated from Gram-positive bacte-

ria. We found that a subset of extracellular vesicles enriched with

lipids encoded by a pathogenicity island were potent inducers of

canonical inflammasome pathway. Further characterization of the

different biomolecules of these extracellular vesicles has allowed us

to decipher a novel pathway by which SA and GBS stimulate human

macrophages.

Conclusions: We demonstrate that PAMPs present in bacterial

extracellular vesicles are potent inducers of cytosolic inflammasome

pathways and their presence coincides with Gram-positive infection.

Acknowledgement: This work was supported by the Federal Ministry

of Education and Research, Germany (FKZ: 01EO1002).
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Introduction: Trained immunity (TRIM) refers to a recently dis-

covered adaptive response of cellular components of the innate

immune system to subsequent inflammatory stimuli (Netea et al.

2016). It is based on long lasting epigenetic and transcriptional

changes, induced by microbial or endogenous molecules (Saeed et al.

2014). Yet, in the perspective of Matzingers danger hypothesis, cells

of the innate immune system do not exclusively differentiate between

foreign and self but also sense host derived molecules released during

infection associated damage referred to as danger associated molec-

ular patterns (DAMPs) (Matzinger 1994).

Objectives: We here assessed the role of DAMPs for innate immune

training in human and murine primary myeloid cells as well as in vivo

in an animal model of LPS shock.

Methods: Freshly isolated human monocytes were stimulated with

different DAMPs for 24 h and restimulated with LPS after 5 days.

Cytokine release, epigenetic modifications via Chromatin iimmuno-

precipitation sequencing were assessed along with RNA sequencing.

Signalling pathway analysis was performed by the use of specific

inhibitors and Western Blot analysis. In addition, in vivo analysis

with mice were performed assessing disease severity, survival as well

as immune-cell and hematopoietic stem cells composition by flow

cytometer.

Results: We provide experimental evidence derived from primary

murine and human myeloid cells that specific but not all DAMPs are

potent inducers of trained immunity. The histone and RNA analysis

revealed that, when compared to b-glucan, a strong inducer of trained

immunity, there is a common set of genes induced by both stimuli.

Potentially, these genes, mostly involved in metabolism, lysosomes

and phagocytosis, are necessary for trained immunity. In vivo DAMP

training leads to an increase in the myeloid progenitor cells, on the

basis of the self-renewing hematopoietic stem cells as well as on the

direct myeloid progenitor cells in the bone marrow. In response to

LPS shock DAMP trained mice have a pronounced disease severity as

assessed by the clinical severity score, a greater loss of temperature

and a higher mortality rate compared to untreated animals. This goes

along with increased amounts of inflammatory monocytes and neu-

trophils in the peritoneum. Mice lacking mature cells of the adaptive

immune system still show the same effect.

Conclusions: In conclusion, we provide evidence that specific

DAMPs can induce trained immunity in human and murine primary

macrophages. In vivo DAMP induced trained immunity is deleterious

upon secondary LPS application. We reveal distinct pathways and

molecular mechanisms underlying trained immunity. This phe-

nomenon is a long lasting phenomenon as it primes hematopoietic

stem cells towards myeloid cells in vivo.
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Introduction: Metabolic adaptation has been described as the ability

to prevent metabolic dysfunction and damage imposed to tissues in

face of excessive inflammation during infections. Adaptation to hosts

imposed stress can be achieved through conserved metabolic mech-

anisms (1–4). Systemic infections, concur with host maladaptive

stress and damage responses, resulting in insufficient adaptation and

failure to restore tissue homeostasis, ultimately leading to disease (3,

4). Expression of the stress-inducible Heme oxygenase (HO)-1,

encoded by the HMOX1 gene, has been shown to lessen disease

severity in various inflammatory disease including sepsis (5–8) which

has been attributed to the removal of the pro-oxidant labile heme

preventing cellular damage. Moreover, in humans, polymorphisms in

the promoter of HMOX1 could be related to disease severity and

outcome in bacterial sepsis and malaria (8, 9). Previous work using a

constitutive Hmox1 knock out animal model, as shown that HO-1

affords disease tolerance against a polymicrobial infection (7).

However, embryonic deficiency in HO-1 is partially lethal, which

leads to a reduced amount of successful Hmox1 constitutively deleted

mice pups (9, 10). Successfully deleted Hmox1 animals, were

reported to show progressive chronic inflammatory disease charac-

terized by enlarged spleens and hepatic inflammatory lesions, making

them an unsuitable model to study metabolic adaptation (10). To

bypass this obstacle, a novel animal model ROSA26Cre-ERT2

Hmox1lox/lox, was developed by Miguel Soares, IGC, Portugal.

Changing the deletion type from constitutive to conditional, allowed

to avoid the lack of HO-1, during embryonic development. Deleting

Hmox1 after birth prevented the progressive chronic inflammation

observed in the Hmox1 constitutive knock-out model.

Objectives: We here assessed the hypothesis that conditional deletion

of Hmox1 impairs tissue damage control to pathogen and danger

associated molecular patterns and affects the outcome in S. aureus

bacteremia.

S24 Abstracts

123



Methods: Hmox1 conditional knock-out animals were infected with

the hemolytic 6850 wt S. aureus strain, treated with different dosages

of lipopolysaccharides (LPS), and pathophysiological relevant levels

of heme to simulate a highly hemolytic intravascular milieu. Targeted

metabolomics were assessed in kidney and liver.

Results: Here, we provide evidence that expression of Hmox1 reg-

ulates metabolic adaptation, and stress resistance in response to

inflammatory stress induced by heme. Hmox1 conditional knock-out

animals exposed to heme, rapidly succumbed due to multiorgan-

failure (predominantly kidney) that was associated with hypo-

glycemia, hyperkaliemia and disruption of thermoregulation.

Targeted metabolomics analyzes for energy metabolism intermedi-

ates, of liver and kidneys, revealed a distinct metabolic response from

ROSA26Cre-ERT2 Hmox1D/D, after 20 h of heme treatment. Note-

worthy, serologic markers shown an evident increase in kidney

damage markers, accompanied with elevated levels of potassium.

These results reveal a maladaptive stress response in conditional

delete Hmox1 mice after 20 h of heme treatment. Labile heme is a

known strong damage inducer mainly through redox reactions.

However, administration of N-acetylcysteine a potent antioxidant, did

not affect the survival rate. Notwithstanding these results, absence of

HO-1 was proven not detrimental during LPS induced endotoxic

shock, nor with acute and chronic S. aureus infection.

Conclusions: These results re-emphasize the critical importance of

Hmox1 expression in inflammatory stress and the need to under-

standing in depth the heme-immune interaction pathways. We have

demonstrated novel results on HO-1 and heme pathways tightly

related to metabolic adaptation.
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Introduction: We and others have recently provided experimental

evidence that host defense mechanisms in sepsis rely on an appro-

priate metabolic adaptation of parenchymal tissues. While the state

and activity of immune system can routinely be assessed during

infection, measuring metabolic adaptation in parenchymal tissue is

hardly possible due to the inaccessibility of the compartment.

Therefore, the identification of surrogate parameters reflecting

metabolic function are needed to allow to determine host defense

mechanisms in sepsis allowing to monitor the disease course disease

and ultimately to adapt treatments. Stable isotopologues of exhaled

carbon dioxide (CO2) such as 13C have been shown to be differen-

tially metabolized in tissues under stress, including sepsis in animal

models. Its applicability in humans and its association with the host

defense response are currently unknown.

Objectives: We assessed whether the CO2 isotopologues in exhaled

breath are affected by experimental human endotoxemia and can be

used as a surrogate parameter for the host inflammatory response in

humans.

Methods: In order to assess feasibility to assess breath-exhaled CO2

isotopologues during systemic inflammation, we used the established

experimental human endotoxemia model. Breath samples were col-

lected from volunteers who were intravenously challenged with 1 ng/

kg LPS twice, with an interval of 1 week. Exhaled breath was col-

lected at different time points before and after LPS administration.

The VTT breath isotope analyzer was used to determine the 13C/12C

and 18O/16O in exhaled CO2.

Results: LPS administration induced a robust inflammatory response,

reflected by the development of fever, flu-like symptoms, and neu-

trophilia as well as pronounced increases in plasma levels of pro and

anti-inflammatory cytokines (peak TNFa, IL-6, and IL-10 concen-

trations of 571 ± 76, 243 ± 43, and 329 ± 117 pg/mL,

respectively). Breath analysis of exhaled CO2 isotopologues was

successful in all volunteers at all time points. The breath signal was

stably detected in all measurements. Rations of 13C/12C doubled after

the first LPS challenge compared to control levels. The inflammatory

response elicited by the 2nd LPS challenge was significantly attenu-

ated, for instance exemplified by a 35 ± 11%, 45 ± 9%, and

56 ± 11% decrease in plasma concentrations of TNFa, IL-6, and IL-

10 respectively, indicative of endotoxin tolerance. However, a sig-

nificant higher 13C/12C ratio was induced by the 2nd LPS challenge

compared to the first challenge.

Conclusions: We provide evidence that the ratio of 13C/12C of CO2

isotopologues can be determined in human volunteers subjected to

experimental endotoxemia and that systemic inflammation induced by

a bacterial PAMP alters isotopologue composition. This might pro-

vide an important measurement tool via which we can assess

inflammatory responses in sepsis patients non-invasively. Further

studies in animals and humans are currently being performed to

substantiate these findings.
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Introduction: Sphingolipids (SL) comprise a huge family of mole-

cules with sphingosine (Sph) as the basic structural compound.

Eukaryotes are dependent on SL as building blocks for organelles,

cell membranes or even cell walls. While mammalian cells mainly

contain C3-hydroxylated SL, phyto-SL are the predominant form in

fungi. Sphingoid bases are also present at sites where mammals and

pathogens get frequently in contact. Mycotoxins can inhibit certain

steps in mammalian SL synthesis pathway. While molecular mech-

anisms of mycotoxins on the mammalian SL metabolism are

extensively studied, data about the activity of mammalian SL on

pathogens are scarce.

Objectives: The project focuses on the analysis of endogenous

pathogen defense mechanisms of SL. Special interest lies on the role

of host sphingosine and the virulence factors of the human facultative

pathogenic fungus Candida albicans.

Methods: Sphingolipid levels of frequently and non-frequently

exposed tissues of C57BL/6 wild type mice were determined using

LC–MS/MS. The effect of Sph on yeast cell growth and hyphal

formation of the Candida albicans (C. albicans) clinical isolate

SC5314 was tested in vitro. Candida albicans SC5314 yeast cells

were incubated in RPMI media at 37 �C for 2–6 h or in YPD medium

at 30 �C for 21 h with Sph concentrations of 3–5 lM. Sphingosine

uptake and metabolism was determined using LC–MS/MS. To check

for a potential target of hyphal formation inhibition a PepTag non-

radioactive PKC assay was used. An activity inhibition of C. albicans

Pkc1 by Sph was determined using yeast protein extracts. An

intestinal epithelial cell C. albicans infection model was used to

check for beneficial effects of Sph treatment. SC5314 yeast cells were

preincubated with 5 lM Sph or 3 lM FTY720 (Sph synthetic ana-

log). Differentiated polarized C2BBe1 cells were then infected with

preincubated or non-treated SC5314 yeast cells. Membrane integrity

was determined after 4 to 22 h using TEER measurement and Wes-

tern blotting on junctional proteins. LC–MS/MS was used to

determine Sph and FTY720 levels in supernatants to exclude an S1P

mediated effect on membrane barrier.

Results: On the host site, in C57BL/6 mice, highest Sph concentra-

tions were found in common pathogen exposed tissues like lung or

kidney. On the fungal site, we found in vitro that Sph and and its

synthetic analog FTY720 inhibit hyphal formation in Candida albi-

cans in a concentration depend manner, while yeast cell growth was

not affected. External Sph was taken up by yeast cells and phos-

phorylated to S1P. Preliminary results showed reduced activity of a

fungal protein extract incubated with increasing concentrations of Sph

or FTY720. Infection of polarized C2BBe1 intestinal epithelial cells

with Candida albicans cells that were preincubated with Sph or

FTY720 led to postponed and decreased barrier breakdown deter-

mined by transepithelial electrical resistance measurement and

junctional protein expression levels.

Conclusions: Sphingosine can be used to inhibit hyphal formation in

C. albicans, on of its most important virulence factors. We hypoth-

esize that the underlying mechanism of filamentation inhibition is

mediated by the protein kinase C-like 1 (Pkc1). Preliminary results

support the hypothesis. Pkc1 is involved in cellular integrity and drug

resistance and plays a crucial role in C. albicans morphogenesis under

serum conditions involving the GTPase-activating protein Lrg1 and

the small GTPase Rho1. In mammals, Sph inhibits PKC. Our prin-

cipal aim is to investigate the interaction of Pkc1 and Sph in C.

albicans and to find new strategies to treat life-threatening fungal

infections by manipulating the SL metabolism in host cells and by

identifying new target molecules for sphingolipid intervention in

fungi.
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Introduction: Cellular adaptations to innate immune signaling may

have implications during sepsis-related organ damage. In some

patients with sepsis, a state of organ-damage-associated immuno-

suppression occurs. Immunosuppression is an altered immune

response to a subsequent pathogen challenge and hence that charac-

terized by reduced inflammatory cytokine production, secondary

infection, an increased risk of organ failure and mortality.

Lipopolysaccharide tolerance is a form of innate immunosuppression,

which recapitulates several key features in some sepsis patients.

Recently, we demonstrated regulatory miRNAs namely miR-221 and

miR-222, that are upregulated during innate immunosuppression and

were positively correlated with organ dysfunction. miR-221 and miR-

222 regulate innate immunosuppression by transcriptional silencing

of the chromatin remodeling transcription factor known as BRG1 and

thereby down-regulates a subset of pro-inflammatory genes. Although

during innate immunosuppression cell surface signaling is attenuated,

the host cell may remain equipped with distinct cytosolic receptors

that defend against invading pathogens. Inflammasomes are cytosolic

multi-protein complexes, which assemble in response to cytosolic

PAMPs or endogenous DAMPs. The non-canonical inflammasome,

which comprises inflammatory caspase-11 in mice and caspase-4 and

caspase-5 in human, is activated in response to bacterial infection.

Activation of non-canonical inflammatory caspases is essential for

initiating pyroptotic cell death through activation of GSDMD and

ultimately leads to release of intracellular cytokines. Regulation of

inflammatory caspases and their overall function as cytosolic recep-

tors during sepsis-associated immunosuppressive state remains poorly

studied.

Objectives: We employed our recently discovered miR-222 expres-

sion profile as a surrogate to stratify patients with signs of innate

immunosuppression and organ dysfunction. In this study we aim to

investigate the mechanism of non-canonical inflammasome regulation

during innate immunosuppression.

Methods: PBMCs (cohort I n = 30 patients) and CD14? monocytes

(cohort II n = 10) from patients with decompensation of cirrhosis and

suspected bacterial infection were analyzed for miRNA-221 and miR-

222 expression. Patients were stratified according to the presence of

organ failure (ACLF). Correlation analysis of miRNA-222 expression

with clinical scores including MELD score, Creatinine, CRP and

WBCs counts was performed. For regulation and activation of non-

canonical inflammasome genes CASP4, CASP5 and GSDMD,

PBMCs (cohort I) and serum from septic patients without cirrhosis

(cohort III n = 19) patients were subjected to analysis using qPCR,

immunoblotting and ELISA. SOFA (-CLIF) scores were used for
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grading of organ dysfunction. miRNA-222 expression was used as a

surrogate to stratify patients with sepsis-related immunosuppression.

Results: Sepsis patients undergoing innate immune suppression (co-

hort I and II) showed elevated expression of miRNA-222. In these

groups of patients we further studied regulation of non-canonical

inflammasome activation and its association with organ damage. Non-

canonical inflammasome genes including CASP4 and CASP5 were

differentially regulated during sepsis related immunosuppression

(cohort I). Moreover proteolytic activation of GSDMD (cohort III)

underlines occurrence of inflammasome singling during sepsis organ

damage. Our data provide important human specific information for

non-canonical inflammasome.

Conclusions: Our data demonstrate highly regulated activation of the

non-canonical inflammasomes in sepsis and hence further analysis of

these molecular events may provide important insights into how non-

canonical inflammasome is regulated in sepsis associated innate

immunosuppression.

Acknowledgement: This work was supported by the Federal Ministry

of Education and Research, Germany (FKZ: 01EO1002).

Clinical Sepsis Research: Diagnostics

014
Infection 2019

Backing early respiratory support: the respiratory failure in
patients with sepsis

Sydorchuk R (1), Hrushko O (2), Kyfiak P (1), Sydorchuk L (1),

Khomko O (1), Sydorchuk A (1), Sydorchuk I (1), Plehutsa O (2),

Padynych Y (2), Plehutsa I (2), Chirileac S (2)

(1) Bukovinian State Medical University, Chernivtsi, Ukraine, (2)

A&E Hospital, Chernivtsi, Ukraine

Introduction: Sepsis-related changes in the body connect with the

development of hypoxic conditions and are caused by decreased pO2,

long stay under conditions of oxygen deficiency, and individual

susceptibility to oxygen insufficiency. Sepsis-3 definition based on

qSOFA and SOFA scores provides limited understanding of respira-

tory failure in sepsis and backs respiratory support only in case of

advanced respiratory changes, making it too late in many cases.

Considering severity of the condition of septic and pre-septic patients,

comprehensive examination of the functional state of the respiratory

system is not adequate.

Objectives: The aim of the study is to find disorders of the functional

state of the respiratory system in patients with sepsis.

Methods: All the patients received the lessons of respiratory exer-

cises in the complex of post-operative rehabilitation before the study.

Seven patients with sepsis (I group), nine patients after planned sur-

gery on uncomplicated hernias of the anterior abdominal wall or

varicose veins on the lower limbs (II group) have been examined. The

control group (III group) included 12 healthy and practically healthy

volunteers. Anamnesis of all the patients was not complicated by

bronchial-pulmonary pathology. Parameters were detected on

2–3 day after operation enabling reduction a direct influence of sur-

gery on the functional state of the respiratory system. Examination

and estimation of the respiratory function (RF) conducted with

standard respiratory maneuvers on a portable computed spirograph.

Results: The vital capacity index sharply reduced in the II group of

patients, but in sepsis it was triple as low as compared to the control

group hardly reaching 38.2% out of the calculated standard index.

FVC was twice less in group I compared to group II. The muscular

apparatus tonus participating in respiration was sharply reduced, lung

excursion decreased, permeability of the bronchial tree deteriorated

on all the levels. pO2 index at rest prevailed in the III group and II

group as compared to the patients of the I group (p\ 0.05). With the

dynamics of pCO2 at rest a reliable difference was found in the group

I (p\ 0.05) and III group (p\ 0.05) as compared to the biggest value

in the II group. After oxygen inspiration the following pO2 dynamics

was observed: the result was higher in the III group as compared to

the I one (p\ 0.05), without substantial differences in the II group.

pCO2 variation after oxygen is characterized by reliable differences in

the II group concerning the I one (p 0.05). According to the level of

pO2 and pCO2 gases in the arterial blood reliable arterial hypoxemia

against mild hypocapnia occurs (adaptive respiratory alkalosis with

metabolic acidosis due to alveolar hyperventilation against the ground

of pronounced tachypnea). Dynamics of pO2 and pCO2 indices after

hyperventilation test and respiration with 100% oxygen during 5 min

are most likely indicative of prevailed disorders of ventilation-per-

fusion and metabolic correlations in genesis of hypoxemia, and

respiratory alkalosis was not characterized by the tendency to

normalization.

Conclusions: The found disorders of the functional state of the res-

piratory system in patients with sepsis are indicative of the necessity

to correct medical treatment of such patients considering functional

changes of the respiratory function and oxygen therapy inclusion into

the therapeutic protocol of such patients as an early compulsory

component.
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Introduction: In numerous sepsis studies of the past years, patients

with various sources of infection have often been grouped together.

Differences with respect to organ dysfunction were little noticed and

barely investigated.

Objectives: To investigate differences in organ dysfunction between

sepsis caused by different sources of infection.

Methods: Prospective single centre clinical cohort study in adult

patients with severe sepsis and septic shock between 2010 and 2018.

Organ dysfunction at the beginning of sepsis, expressed as SOFA

score (sequential/sepsis-related organ failure assessment score) and

SOFA-subscore, of patients with abdominal, pulmonary, urogenital or

bone-and-soft-tissue induced sepsis were compared.

Results: Among the 816 patients who met inclusion criteria, 468

patients (57.3%) had abdominal, 193 (23.7%) pulmonal, 85 (10.4%)

bone-and-soft-tissue and 70 (8.6%) urogenital focus of infection.

Total SOFA score results were comparable, except for patients with

bone-and-soft-tissue induced sepsis (see table). In contrast, we

observed significantly between-group-differences in SOFA-subscores

and organ dysfunction at sepsis onset. Patients with pulmonary sepsis

had higher respiratory scores and more respiratory organ dysfunction

than other infection sites. Abdominal sepsis was associated with the

highest cardiovascular and hepatic subscores. Patients with sepsis due

to urogenital tract infection had higher renal scores in contrast to

those in the abdominal and pulmonary group. Furthermore, renal

dysfunction was most frequent in the urogenital group and rarest in

the pulmonary group.
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Conclusions: In patients who met severe sepsis or septic shock due to

different sources of infection we observed comparable 28-day mor-

tality. In contrast, frequency and severity of the single respiratory,

cardiovascular, hepatic and renal organ dysfunction varied signifi-

cantly between sepsis induced by different sources of infection.
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Introduction: Gut microbes may play an important role in regulating

function of central nervous system (CNS) via at least two interacting

mechanisms involving microbial metabolites and host immune sig-

naling. Metabolic activity of microbes can be assessed by the

measurement of the levels of aromatic microbial metabolite (AMM)

in serum, which are associated with the severity of bacterial infection

in critically ill patients [1]. It is also known that neurological diseases

are accompanied by neuroinflammatory reactions in the brain and an

increase in immune markers in the blood (2).

Objectives: The aim of our study was to identify AMM, inflamma-

tory and autoimmune markers, biomarkers and to evaluate

correlations of these markers in chronic critical ill (CCI) patients with

neurological disorders.

Methods: The study included 60 serum samples taken from 37

chronic critical ill (CCI) patients with neurological disorders (stroke,

traumatic brain injury, neurosurgical intervention for brain tumors).

Serum samples of 20 healthy donors were used as a control. The level

of AMM was measured using GC–MS (Thermo Scientific),

biomarkers (procalcitonin (PCT), S100) were measured by Elecsys

immunoassay. The activity of enzymatic activity of leukocyte elastase

(LE) and functional activity of a1-proteinase inhibitor (a1-PI) was

determined by spectrophotometry, and the levels of autoantibodies to

neuroantigens S100b and myelin basic protein (MBP) by ELISA.

Results: The median level of the sum of 8 aromatic metabolites

(benzoic, phenylpropionic, phenyllactic, p-hydroxybenzoic (p-HBA),

p-hydroxyphenilacetic (p-HPhAA), p-hydroxyphenylpropionic (p-

HPhPA), homovanilic (HVA) and p-hydroxyphenillactic (p-HPhLA)

acid) were 4.5 lM (significantly higher than in control (p\ 0.05))

against the background of reference values of high sensitive PCT that

may indicate of chronic dysregulation of host-microbe interactions.

This was accompanied by inflammatory and autoimmune markers

abnormalities. The indirect Spearman‘s correlation between the level

of PCT and LE (- 0.48, p\ 0.05) was revealed. The correlations

between other immune biomarkers and some microbial metabolites

were also revealed (Table 1).

Table 1. Correla�ons between immune biomarkers and aroma�c metabolites (p<0.05)

Biomarkers
Aroma�c microbial metabolites, μM

p-HBA p-HPhAA p-HPhPA HVA p-HPhLA Sum

LE ns -0.26 ns ns -0.37 ns

α1-PI ns ns ns -0.37 ns ns

a-S100b -0.29 ns -0.32 ns -0.36 -0.35

a-MBP ns ns -0.36 ns ns ns

Conclusions: Connection between aromatic microbial metabolites

and examined biomarkers indicates the potential involvement of gut

microbiota in the pathogenesis of neurological dysfunction in chronic

critical ill (CCI) patients.
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2018, 50(3):273–279. 2. Klushnik T.P., Otman I.N., Chukanova A.S.,

Nadareishvili G.G., Guliyeva M.S., Gusev E.I. The dynamics of

markers of apoptosis in the acute period of ischemic stroke. S.S.

Korsakov Journal of Neurology and Psychiatry. 2018, 9 (2): 26–31.
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ICAM-1, Thrombospondin-1 & Vinculin: new biomarkers for the
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Introduction: Although invasive fungal infections (IFI) are rare

causes of sepsis, their incidence is increasing and IFIs are associated

with a high mortality. Most frequently, Candida spp. and Aspergillus

spp. represent the underlying pathogens. The diagnosis of an IFI is

usually culture-based, although this technique is associated with rel-

evant weaknesses. Therefore, new biomarkers are absolutely desirable

for early diagnosis and therapy guidance of IFIs in patients with

sepsis/septic shock.

Objectives: The aim of this study was therefore to evaluate the

diagnostic value of Intercellular Adhesion Molecule (ICAM)-1,

Thrombospondin-1 and Vinculin for early IFI detection in patients

suffering from sepsis/septic shock.

Methods: In an observational, prospective clinical study, 50 patients

with sepsis/septic shock were screened for the emergence of IFIs by

the use of culture-based as well as imaging techniques. In brief,

Candida spp. in the respiratory tract or in fluids from drainages were

classified as colonization. Positive results in blood cultures, intraop-

erative swabs and Aspergillus spp. in deep respiratory tract specimens

with accompanying pulmonary infiltrates were classified as infection.

In parallel, plasma samples were collected at seven consecutive time

points within a 28-day observation period after sepsis onset. Plasma
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concentrations of ICAM-1, Thrombospondin-1 and Vinculin were

measured using mass spectrometry.

Results: Compared to patients with fungal colonization or without

any fungal findings, IFI patients revealed significantly elevated

plasma levels of ICAM-1 within the first 7 days after the onset of

sepsis. Accordingly, ICAM-1 proved to be a suitable tool for IFI

diagnosis as assessed by receiver-operating-characteristic (ROC)-

analysis (e.g. at 2 days after sepsis onset (= T2) ? Area under the

curve (AUC) 0.818, 95% confidence interval 0.634–1.00). Contrari-

wise, plasma levels of Thrombospondin 1 and Vinculin were

significantly reduced within the first 14 days after sepsis-onset as

compared to colonized or unobtrusive patients (ROC-analysis for IFI

diagnosis by the use of Thrombospondin-1: e.g. at 14 days after

Sepsis-Onset (= T4) ? AUC: 0.871 95% CI 0.736–1.00, or Vinculin:

e.g. at T4 ? AUC: 0.850, 95% CI 0.712–0.988).

Conclusions: The new biomarkers ICAM-1, Thrombospondin-1 and

Vinculin may be suitable to narrow the diagnostic gap of culture-

based methods for the detection of an IFI in patients with sepsis/septic

shock.
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Introduction: Despite of antifungal prophylaxis liver transplant

recipients are at increased risk of opportunistic invasive fungal

infections (IFI) in the early course following liver transplantation

(LTX). Early and reliable diagnosis is a prerequisite for successful

treatment of IFIs and thereby for the outcome of these patients.

However, culture-based routine diagnostics of IFIs are associated

with relevant weaknesses, especially since they are time consuming

and a relevant number of infections get missed. Therefore, plasmatic

biomarkers for early and reliable IFI diagnosis following LTX would

be desirable. In this context, Intercellular Adhesion Molecule (ICAM-

1)-1 was shown to be suitable in septic patients, whereas Midregional-

proAdrenomedullin (MR-proADM) proved to be a suitable tool for

IFI diagnosis in septic and LTX patients as well.

Objectives: The aim of this study was therefore to evaluate the value

of ICAM-1 (in combination with and without MR-proADM) for IFI

diagnosis in patients following LTX.

Methods: In an observational, prospective clinical study, 93 patients

following LTX were screened for the emergence of IFIs by the use of

culture-based as well as imaging diagnostics. In brief, Candida spp. in

the respiratory tract or in fluids from drainages were classified as

colonization. Positive results in blood cultures, intraoperative swabs

and Aspergillus spp. in deep respiratory tract specimens with

accompanying pulmonary infiltrates were classified as infection. In

parallel, plasma samples were collected at seven consecutive time

points within a 28-day observation period after LTX. Plasma con-

centrations of ICAM-1 and MR-proADM were measured using

immunoassay-based methods as well as mass spectrometry.

Results: Compared to patients with fungal colonization or without

any fungal findings, patients suffering from an IFI revealed signifi-

cantly elevated plasma levels of ICAM-1 within the 28-day

observation period following LTX. Accordingly, ICAM-1 proved to

be a suitable tool for the identification of IFIs in patients following

LTX (receiver-operating-characteristic (ROC)-analysis: e.g. at day 14

after LTX (T4): AUC 0.714, 95% CI 0.546–0.882 or at day 21 after

LTX (T5): AUC 0.783, 95% CI 0.645–0.920). The diagnostic value

was further strengthened by the combined use of ICAM-1 and MR-

proADM, as assessed by additional ROC-analyses (directly after LTX

(T0) AUC 0.741, 95% CI 0.465–1.00, at day 7 after LTX (T3): AUC

0.865, 95% CI 0.706–1.00, at day 14 after LTX (T4): AUC 0.898,

95% CI 0.758–1.00).

Conclusions: Plasma levels of ICAM-1 may be suitable to narrow the

diagnostic gap of culture-based methods for the detection of an IFI in

patients following LTX. The diagnostic reliability can be strength-

ened by the combined use of ICAM-1 and MR-proADM.
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Introduction: Progranulin (PGRN) is a pleiotropic growth factor

and a multifaceted immune-regulatory molecule involved in the

regulation of signaling pathways of host-defense during infection

and inflammation. It is critical in innate immunity against bacteria

and is known to target TLR4 which recognizes LPS (1–3). PGRN

deficiency in experimental animals leads to increased vulnerability

to LPS-induced septic shock and high mortality (1). Increased

PGRN plasma levels have been described in in patients with sepsis

(4).

Objectives: To quantify the performance characteristics of PGRN

plasma levels as a biomarker for sepsis in comparison to the estab-

lished marker procalcitonin (PCT) and others, and to delineate

molecular networks involving upregulated PGRN in sepsis.

Methods: The diagnostic performance of PGRN was assessed by

calculating Area Under Curve (AUC) and Receiver Operating Curves

(ROC) for PGRN alone, as well as in comparison to PCT in 114

consecutively recruited patients with sepsis, who served as an initial

exploratory sample. A further 127 independently recruited patients

were included in a second confirmatory cohort (all fulfilling Sepsis-3

criteria). One hundred-eighty-two ICU patients with a sterile

inflammatory reaction (SIRS) after cardiac surgery were studied to

quantify the ability of PGRN to discriminate between SIRS and

sepsis. In order to establish logic validity of the novel biomarker, we

isolated miRNAs and mRNAs samples from blood cells of septic

shock patients (n = 7) and healthy volunteers (n = 7) for deep

sequencing (NGS). The resulting FASTQ files were processed by

QIAGEN Bioinformatics software to obtain the differentiation profile
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after DESEq2 analysis (OmicSoft ArrayStudio) and for biological

interpretation using Ingenuity Pathway Analysis (IPA). The NGS data

were then used to identify the canonical gene network (targeted

miRNA-mRNA network) involved in the early antimicrobial response

of PGRN followed by RT-qPCR confirmation in an independent and

larger sample (n = 39 for septic shock and n = 23 for controls).

Results: The diagnostic ability of PRGN to distinguish between

sepsis and SIRS was comparable to that of PCT in both samples.

When both samples were combined (n = 423 patients in total), AUC

was 0.90 (95% CI 0.87–0.93) for PGRN and 0.92 (95% CI 0.88–0.96,

p = 0.323, paired DeLong test) for PCT. Cut-off values for PGRN

were 38.4 ng/ml at a sensitivity of 83.5% (95% CI 77.6–87.7) and a

specificity of 85.7% (95% CI 79.2–90.8, Youden test). The corre-

sponding values for PCT were 0.80 ng/ml and 81.6% (95% CI

75.3–86.9) and 92.0% (95% CI 80.8–98.0 to 97.9). Significantly

upregulated mRNAs from blood cells revealed by NGS included

transcripts of GRN (the PGRN gene) (log2FC = 2.23, padj = 3.46

E-8) and SORT1 (sortilin, an important regulator of PGRN)

(log2FC = 5.56, padj = 1.38E-8), whereas no transcripts of CALC-1

(PCT) could be detected by comprehensive NGS in blood cells. Fil-

tering and pairing of NGS miRNA/mRNA data (IPA) revealed a

canonical network (Fig. 1) including TP53 and TLR4 as well as

PGRN and sortilin, shown to be regulated by miR-16, miR-150 and

others. miRNAs and mRNAs from the network, including PGRN and

sortilin, were confirmed by RT-qPCR.

Conclusions: PGRN is part of a key blood-cell derived network

involved in the early antimicrobial response in sepsis and performs

equally well as PCT for the differentiation between SIRS and sepsis

and represents a novel and sensitive biomarker for sepsis. Clini-

calTrials.gov Identifier NCT03280576.
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Zheng H, Wei F, Ma X. Progranulin Controls Sepsis via
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Patients with sepsis-induced ARDS reveal a significant dysbiosis
of their pulmonary microbiome
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Introduction: Patients with a sepsis-induced Acute Respiratory

Distress Syndrome (ARDS) are hallmarked by high mortality rates.

However, a detailed analysis of patients� pulmonary microbiome as

well as its influence on the course of the disease has not been per-

formed yet.

Objectives: The objectives of this study were therefore to examine

changes in the pulmonary microbiome in ARDS patients and their

influence on patients’ outcome by the use of a Next Generation

Sequencing (NGS)-based approach.

Methods: In total, 30 patients in two groups were enrolled in the

presented study: (1) patients with sepsis-associated ARDS (n = 15)

and (2) patients undergoing esophageal resection (n = 15) repre-

senting the control group. In the ARDS group, blood samples were

collected at ARDS onset as well as 5 days and 10 days afterwards. At

the same timepoints, bronchoalveolar lavages (BAL) were performed

in order to collect epithelial lining fluid for culture-based as well as

NGS-based longitudinal analyses of the pulmonary microbiome. In

the control group, epithelial lining fluids and blood samples were

collected only once, immediately prior to the surgical procedure.

Results: ARDS patients showed a significantly decreased a-diversity

(p = 0.003) and an increased dominance (p = 0.005) of their pul-

monary microbiome. The a-diversity negatively correlated with the

length of ICU stay and the need for mechanical ventilation. In 42.9%

of the ARDS patients, culture-based results were not concordant with

the NGS-based results. Moreover, 5 culture-based analyses were even

negative, although the NGS showed a bacterial colonization.

Conclusions: As assessed by a NGS-based diagnostic approach,

patients with a sepsis-associated ARDS reveal a significant dysbiosis

of the pulmonary microbiome. Moreover, these changes correlate

well with the clinical course of the disease. Therefore, a NGS-based

diagnostic approach might be a promising tool for pathogen identi-

fication as well as therapy guidance in ARDS patients.
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Introduction: The New York Sepsis Severity Score (NYSSS) was

developed by the New York Department of Health to determine the

severity of sepsis and as a prognostic model of mortality. It is based

on data from 43,204 sepsis and septic shock patients from 179 hos-

pitals across New York State collected in 2015. The lack of a national

sepsis database in Poland hinders benchmarking and quality moni-

toring efforts. The use of modern severity scores allows for better

understanding of local epidemiological circumstances.

Objectives: The aim of this study was to evaluate performance of the

NYSSS in predicting hospital outcome of patients with sepsis. The

secondary aim was to compare clinical condition of patients with

sepsis treated in the mixed intensive care unit (ICU) of a Polish

university hospital with a cohort analyzed to develop the NYSSS

model.

Methods: We performed a retrospective analysis of the data recorded

prospectively in the unit sepsis registry database. Data collected from

January 1 to December 31 2014 and from January 1 2018 to March 31

2019 (28 months in total) were included in the analysis. Patients older

than 18 years were enrolled.

Results: We enrolled 337 patients, mean age 64 years. 60% of

patients had septic shock on admission to the ICU. The mean

APACHE II score was 22.4 (95% CI 21.4–23.3), mean 1st day SOFA

score was 10.2 (95% CI 21.4–23.3). Hospital mortality predicted by

NYSSS was 40.4% (95% CI 37.8–43.2). The observed hospital

mortality was 62%. The calibration of the NYSSS was poor with the

Hosmer–Lemeshow goodness-of-fit H test\ 0.05. The discrimination

of the NYSSS was good with the area under the receiver operating

characteristic curve (AUC) of 0.752. This result did not differ from

that of APACHE II (AUC = 0.748) and the 1st day SOFA

(AUC = 0.743).

Conclusions: The NYSSS was unable to accurately predict outcome

in the analyzed group. The discrimination of the model was good and

similar to that provided by the APACHE II and 1st day SOFA scores.

The clinical condition of the observed group was worse than the

clinical condition of patients whose data was used to develop the

NYSSS (predicted hospital mortality 40.4% vs 30.2%).

Reference: Phillips GS, Osborn TM, Terry KM, Gesten F, Levy MM,

Lemeshow S. The New York Sepsis Severity Score: Development of

a Risk-Adjusted Severity Model for Sepsis. Crit Care Med. 2018

May, 46(5):674–683. https://doi.org/10.1097/ccm.0000000000

002824. PubMed PMID: 29206765.
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Assessment of disease severity and diagnosis of sepsis in a cardio-
vascular intensive care unit using the biomarkers procalcitonin
and presepsin
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Introduction: Sepsis is frequently associated with critical ill patients.

Assessment of disease severity at the time of initial presentation could

be helpful in the patient management. Procalcitonin (PCT) is com-

monly used in the diagnosis of sepsis. Presepsin (PSEP) has been

shown to provide powerful prognostication in sepsis.

Objectives: We thought to evaluate the validity of PCT and PSEP for

the diagnosis of sepsis and the assessment of disease severity and

outcome prediction in the setting of a cardio-vascular intensive care

unit (ICU).

Methods: 71 patients admitted to a cardio-vascular ICU were

included. PCT and PSEP were determined at the time of initial pre-

sentation by using Elecsys BRAHMS PCT (Roche, Switzerland) and

PATHFAST Presepsin (LSIM, Japan). Samples were obtained at the

day of admission to ICU. The primary study endpoint was death

during hospitalization.

Results: 16 patients obtained a transfemoral implantation of a pros-

tethic aortic valve (TAVI), who recovered rather quickly without

complication and served as control group. Of the remaining group 27,

23 and 5 patients were assigned to sepsis, resuscitation after sudden

cardiac death and pneumonia requiring assisted ventilation, respec-

tively. The PCT values of the control group were found to be below

the cutoff for bacterial infection of 0,5 pg/L (max 0.29 pg/L),

whereas the corresponding PSEP values failed to comply. In 9

patients PSEP values were below the cutoff of 350 ng/L (max 346 ng/

L) but in 7 patients PSEP exceeded the cutoff (min 634 ng/L). 24

patients of the sepsis group exhibited PCT values above the estab-

lished cutoff of 2 pg/L but 3 patients had values\ 2 pg/L (max

0.645 pg/L) although these patients were assigned to septic shock.

PSEP values in all patients of the sepsis group exceeded the cutoff of

350 ng/L (min 1030 ng/L). 23 (41.8%) patients died and 29 (52.7%)

needed dialysis. The majority of non-survivors occurred in the sepsis

group 17 (63.0%) whereas only 6 (13.6%) where belonging to patients

without sepsis. ROC analysis for sepsis revealed AUC values for PCT

and PSEP of 0.806 and 0.923. AUC values for death in the sepsis

group revealed AUC values of 0.706 (sens 76.5%, spec 70%, crit.

2337 ng/L) and 0.506 (sens 88.2%, spec 30%, crit. 3.06 pg/L) for

PSEP and PCT, respectively. For prediction of need of dialysis for

PCT and PSEP the ROC analysis revealed AUC values of 0.798 and

0.874. These findings showed that PCT and PSEP could complement

each other in the diagnosis of sepsis and risk stratification in patients

admitted to a cardio-vascular ICU. PCT could be used for the iden-

tification of sepsis at admission with high diagnostic validity, whereas

PSEP is superior in prognostication and prediction of outcome in

sepsis.

Conclusions: Combination of PCT and PSEP provided a higher

validity in identification and risk stratification of septic patients

admitted to a cardio-vascular ICU. PSEP demonstrated strong rela-

tionship with disease severity and outcome. The PATHFAST system

allows early determination of PSEP from whole blood in the ICU in

addition to PCT and may improve the management.
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Simultaneous assessment of D-dimer, presepsin and qSOFA in
patients admitted with early sepsis to the emergency department
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Introduction: Coagulation activation during sepsis can initiate mul-

tiple organ failure. D-dimer as a highly sensitive marker of

coagulation activation may early indicate the presence of sepsis

induced organ failure. Presepsin (PSEP) provide early prognostication

in sepsis. The qSOFA score defined by the Third International Con-

sensus Definitions for Sepsis and Septic Shock can be assessed at

patient admission without time delay by laboratory tests. The qSOFA

score has been shown to be associated with an increased probability

of mortality and can be used for prognostication.

Objectives: To compare qSOFA and the POC tests D-dimer and

presepsin (PSEP) at admission for assessment of organ dysfunction

and differentiation of complicated clinical causes or mortality risk.

Methods: 109 Patients admitted with signs of sepsis were included.

The qSOFA score was calculated from respiratory rate, GCS score

and systolic blood pressure using the recommended thresholds. The

DIC score was established according to the ISTH (International

Society of Thrombosis and Haemostasis) guidelines. D-dimer, PSEP

and NT-proBNP were determined using the PATHFASTTM platform

from LSI Medience Corporation. Creatinine, CRP and lactate were

measured using laboratory methods.

Results: Discrimination between patients with uncomplicated

sepsis (N = 49) and septic shock (N = 69) revealed AUC values of

0.657, 0.626, 0.613, 0,553, 0.762 and 0.884, 0.858 for CRP, lactate,

NT-proBNP, qSOFA, PSEP and D-dimer, and 0.978 for the

simultaneous assessment of qSOFA ? D-dimer ? PSEP, respec-

tively. 19 patients died during hospitalization. AUC values of

mortality prediction were 0.517, 0.605, 0.665, 0.708, 0748, 0.842

and 0.848, 0.876 for CRP, D-dimer, NT-proBNP, lactate, PSEP,

qSOFA, and the simultaneous assessment of qSOFA ? D-dimer

and qSOFA ? D-dimer ? PSEP, respectively. Comparison of the

DIC score and D-dimer revealed higher discriminatory validity of

D-dimer for prediction of death and septic shock. The AUC-values

for DIC score and D-Dimer for prediction of death were 0.514 vs.

0.605 and for discrimination between sepsis and severe sepsis or

septic shock 0.526 vs. 0.639, respectively. Using the threshold C 2

of qSOFA, C 0,5 mg/L of D-dimer and [ 500 ng/L of PSEP,

qSOFA detected 18 non-survivors (95%) and 41 patients of the

high-risk group (82%), D-dimer detected 17 non-survivors (89%)

and 33 (66%) patients of the high-risk group (n = 50) and PSEP

detected 18 non-survivors (95%) and 45 patients of the high-risk

group (89%). qSOFA score C 2 and B 1 was estimated in 34

(31.2%) and 75 (68.8%) patients, from whom 27 (79.4%) and 35

(46.6%) were assigned for prediction of septic shock by using an

algorithm of PSEP[ 1000 ng/L and D-dimer[ 0,5 mg/L, reveal-

ing finally 79.4% of patients with qSOFA C 2 for septic shock and

53.4% of patients with qSOFA B 1 for uncomplicated sepsis.

Conclusions: The simultaneous assessment of qSOFA ? D-dimer or

qSOFA ? D-dimer ? PSEP provided added value to assess the

severity and early mortality risk in patients admitted with sepsis to the

emergency department. Combining qSOFA and D-dimer or PSEP

improved the validity significantly. These parameters could be

determined already at admission without time delay as D-dimer and

PSEP could be measured as POC assays in parallel in anticoagulated

whole blood samples using the PATHFASTTM system within 17 min.
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AlertsNet 2.0: a Thuringia-wide population-based surveillance of
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Introduction: Blood culture (BC) testing is recommended as a

standard of care in international sepsis guidelines and has been shown

to reduce intensive care unit stay, antibiotic use, and costs in hospi-

talized patients. The registry AlertsNet (http://www.alertsnet.de),

started in 2014, aims at quality assurance in BC diagnostics in the

whole German Federal state of Thuringia and connects hospitals and

microbiological laboratories within an electronic registry for imme-

diate integration and evaluation of BC findings. Current data of the

registry are presented.

Objectives: Data of the second turn of funding are presented.

Methods: Microbiological data of all BCs taken in the participating

hospitals as well as clinical data from all patients with clinically

relevant positive BCs collected from 01.01.2018 to 31.12.2018 were

analyzed using standard measures of descriptive statistics.

Results: In 2018, a total of 84,248 blood culture findings were

recorded from 20 clinical settings, microbiological data were obtained

from 11 laboratories and clinical data from 4 clinics. Of the BC data,

13,345 were positive (15.8%) and 70,903 were negative (84.2%). The

proportion of clinically relevant positive findings was 10,915 (13.0%)

after merging positive BCs of the same patient taken within 96 h, and

the proportion of contaminants was 2650 (3.1%). The findings were

from 22,213 patients [women: 9,444 (42.5%), men: 12,626 (56.8%),

age: 73 years (median), 66.4 years average)]. Based on 975 com-

pleted electronic case report forms (eCRF), hospital mortality was

9.3% for BSI episodes with SIRS, 19.6% for sepsis, and 54.7% for

septic shock. The most common sites of infection were urogenital

(26.8%), pulmonal (21.7%) and intra-abdominal (14.8%). In 14.6% of

cases, the focus of infection was primary bacteremia. The source of

infection was nosocomial in 41.0%, community acquired in 55.0%

and undetermined in 4.0%.

Conclusions: The Thuringia-wide registry AlertsNet provides data on

BC positive patients with a wide clinical range of bloodstream

infections. Underlying foci resembled the experience of previous

population-based studies in other countries.

Acknowledgement: Since August 2015 AlertsNet 2.0 is supported by

the Federal Ministry of Education and Research (BMBF), Germany,

FKZ 01EO1502, and by the Thuringian Ministry for Social Affairs,

Health Care, Family and Women (TMASGFF).
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Introduction: Influenza constitutes a major public health problem,

occurring as seasonal epidemics and sporadic pandemics which result

in significant morbidity and mortality worldwide. Influenza virus

infection itself as well as the secondary bacterial infection—a com-

mon complication during influenza infection—often lead to severe

pneumonia, organ failure, and sepsis. Typical bacterial species iso-

lated from patients with secondary infections are common colonizers

of the nasopharynx, such as Staphylococcus aureus and Streptococcus

pneumoniae. However, primary influenza virus-mediated sepsis might

occur as well. Nosocomial acquisition of seasonal influenza consti-

tutes a serious risk among patients with underlying illnesses, the

elderly and neonates. In infected adults, the highest viral replication

and probable spread occur within the first 3–5 days of illness. Thus,

the Robert Koch Institute recommends an isolation period for influ-

enza patients of 7 days. However, immunocompromised persons and

young children show longer periods of viral spread, exceeding the

recommended isolation period. So far, diagnostic tests available for

detection of influenza viruses in respiratory specimens include

molecular assays, such as RT-qPCR and other nucleic acid amplifi-

cation tests that are fast and reliable but provide limited information

on the infectivity of the patient, as they do not measure the ability of

the virus to replicate. Antigen detection assays often showed poor

performance and are rarely used in clinical practice. In consequence, a

rapid system to identify infectious virus particles is required since the

existing tests for infectivity are time and cost intensive.

Objectives: The influenza A virus genome consists of segmented sin-

gle-stranded RNA (vRNA) with negative orientation. The eight segments

are not only transcribed into messenger RNA (mRNA) for protein

synthesis but also used to generate a copy RNA (cRNA) which serves as

a template for the viral reproduction. In consequence, three different

virus-related RNAs are present within an infected cell. Based on strand-

specific real-time RT-qPCR we aim to develop a rapid method to detect

infectious influenza virus particles by the analysis of the three types of

influenza viral RNA (vRNA, cRNA and mRNA).

Methods: To achieve this goal, several approaches are performed

using laboratory strains as well as patient samples which have been

collected from influenza A positively diagnosed patients at day one,

two, four and six upon hospitalisation. We analyse the levels of viral

RNA via RT-qPCR as well as the number of infected cells by FACS-

analysis upon infection of MDCK-cells. Furthermore, we aim to

directly measure levels of the different viral RNAs (vRNA, cRNA

and mRNA) by strand-specific RT-qPCR in patient samples. The

results of these experiments are then correlated with the viral titres

determined by a standard plaque assay.

Results: Our findings indicate that we were able to detect different

viral RNAs from laboratory strains and patient samples upon propa-

gation in cell culture. Furthermore, we were able to monitor infected

cells by FACS analysis. Different viral RNAs, as well as the number

of infected cells, correlate to viral titres that were determined by

standard plaque assay. While the detection of viral nucleic acid from

patient samples by RT-PCR is successful, specific measurement of

vRNA, cRNA and mRNA has to be improved.

Conclusions: Both FACS-analysis and RT-qPCR showed promising

results after infection of MDCK-cells independent of the samples

used. Nonetheless, further tests are needed to optimise infection

procedures and determination of detection limits. For direct analysis

of vRNA, cRNA and mRNA derived from patient isolates further

optimisation is required.

Acknowledgement: Hagel, Giebeler and Deinhardt-Emmer con-

tributed equally, Center for Sepsis Control and Care.
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Microarray gene expression analysis using artificial intelligence: a
valuable approach for precise sepsis diagnosis
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Introduction: Early and reliable diagnosis of sepsis remains a major

challenge for the successful treatment of the highly complex syn-

drome. The blood of ICU patients is an essential source of vital

diagnostic information and is used for both general and biomarker-

based laboratory analyses to support the process of clinical decision-

making. The second domain of assessable information in blood

samples is contained within the transcriptomic data of comprising

immune cells. Measurement and evaluation of global gene expression

is usually achieved by differential analysis of DNA microarrays.

Instead of conventional statistical solutions, we here propose a new

approach based on artificial intelligence which offers new perspec-

tives in the field of sepsis diagnosis.

Objectives: A pilot study for large-scale assessment of publicly

available sepsis microarray data was performed using deep-learning

artificial neural networks to prove their utility and superiority for

precise sepsis diagnosis.

Methods: NCBI GEO and EBML-EBI Array Express databases

were searched for distributed data series of patients with sepsis

(n = 1354), trauma patients (n = 478), and healthy controls

(n = 383) and were combined in an encompassing meta-dataset.

Only data series using microarray technology to analyze whole

blood transcriptome data on samples drawn within 24 h after ICU

admission were included. After data preprocessing, 5932 common

genes were identified between all data series and selected for

subsequent analyses. Available samples were randomly split into

training (65%), validation (20%) and testing (15%) subsets. Sam-

ples from training and validation subsets were used to iteratively

adapt deep-learning neural networks to the objective of binary

classification either as ‘‘Sepsis’’ or ‘‘Non-sepsis’’ (trauma patients

and healthy controls). After the training was finished, the classi-

fication accuracy for the reserved testing samples was assessed. To

test the resilience, stratified ShuffleSplit cross-validation was

implemented effectively, repeating the steps of random data sam-

pling, network adaptation and binary classification for 250 times.

Results: 250 repeats of the three-step procedure result in an average

value for area under the curve (AUC) of 0.999 (Min = 0.998,

Max = 1.000). The corresponding mean values of sensitivity and

specificity are 0.98 (Min = 0.94, Max = 1.00) and 0.99 (Min = 0.95,

Max = 1.00) respectively, mounting in an average diagnostic accu-

racy of 0.96 (Min = 0.96, Max = 1.00). When the number of

available genes is limited to 25% by random selection, trained neural

networks still achieve a close to perfect classification of test samples

as suggested by averaged results (AUC = 0.99 (Min = 0.99, Max =

1.00) n = 250) with sensitivity = 0.98 (Min = 0.91, Max = 1.00),

specificity = 0.97 (Min = 0.90, Max = 1.00) and accuracy = 0.97

(Min = 0.94, Max = 0.99).

Conclusions: Our pilot study demonstrates the superior performance

of artificial intelligence algorithms applied to high-dimensional gene

expression data in a use case of sepsis diagnosis. Even when infor-

mation is largely reduced, the analytical performance remains robust,

thereby underlining the possibility of application within emergency

departments and ICU in the future, aiming to overcome the limita-

tions of current biomarkers.
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Macrolide combination therapy for hospitalized CAP patients?
An individualized approach supported by machine learning
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Introduction: The role of macrolide/beta-lactam combination ther-

apy in community-acquired pneumonia (CAP) of moderate severity is

a matter of debate. Macrolides expand the coverage to atypical

pathogens and attenuate pulmonary inflammation, but have been

associated with cardiovascular toxicity and drug interactions.

Objectives: We developed a decision tree based on etiological and

clinical parameters, which are available ex ante to support a per-

sonalized decision pro or con macrolides for the best clinical outcome

of the individual patient.

Methods: We employed machine learning in a cross-validation

scheme based on a well balanced selection of 5646 patients after

propensity score matching to data available on admission of 6440

hospitalized patients with moderate severity (non-ICU patients) from

the observational, prospective, multinational CAPNETZ study. We

aimed to improve the primary outcome of 180 days survival.

Results: We found a simple decision tree of patient characteristics

comprising chronic cardiovascular and chronic respiratory co-morbidi-

ties as well as leukocyte counts in the respiratory secretion at enrolment.

This decision tree reduced the death rate considerably (OR = 1.82, CI

[1.49, 2.23], P\0.0001) of patients treated in compliance with our

treatment suggestion compared to the observed standard of care.

Conclusions: Stratifying macrolide treatment in patients following a

simple treatment rule may lead to considerably reduced mortality in

community-acquired pneumonia. A future randomized controlled trial

confirming our result is necessary before implementing this rule into

the clinical routine.
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Introduction: Over the past years multi-resistant pathogens have become

an acute healthcare problem worldwide, which also critically affects sepsis

patients. In order to initiate appropriate antibiotic therapy, the pathogen

must be identified and its antibiotic sensitivities characterized. Due to

several cultivation steps classical microbiological diagnosis takes up to

several days from patient sample to result. Faster antimicrobial suscepti-

bility testing (AST) is urgently needed to avoid both, inappropriate under-

treatment resulting in increased mortality in sepsis patients and the

unnecessary use of broad-spectrum antibiotics fostering further spread of

multi-resistant bacteria. We develop a rapid cultivation-free procedure for

isolation of the pathogen directly from patient’s body fluid, followed by

spectroscopic identification and subsequent AST. The whole procedure

from urine sample to AST result takes as little as 3.5 h [1]. Here, we present

a simple and fast on-chip spectroscopic technique to identify antibiotic

susceptibilities and furthermore, to determine the minimal inhibitory

concentration (MIC) of bacterial isolates within 2 h.

Objectives: Our aim is the development of a parallelized and auto-

mated procedure based on Raman spectroscopy in combination with a

multiwell-dielectrophoresis (DEP) chip for identification and AST of

sepsis pathogens within a few hours.

Methods: Raman spectroscopy is a nondestructive and label-free

method for analysis of chemical composition, enabling measurement of

biological samples in aqueous environment. A laser is irradiated on the

specimen and the inelastically scattered light yields its vibrational fin-

gerprint, which allows identification of the pathogen and comprises

information of its phenotypic behavior [1, 2]. To concentrate the bacteria

from patient’s bodily fluids, e.g. urine, DEP is used. In an alternating

inhomogeneous electric field, dielectric forces capture particles along the

field lines. Utilizing a quadrupole electrode design, bacteria can be

accumulated in the middle of the electrodes for direct spectroscopic

characterization [3]. The novel multiwell-DEP-chip allows parallelized

analysis of 20 individual conditions of bacteria-drug combinations. The

test panel consists of four clinically relevant antibiotics with four con-

centrations permitting quantitative AST results within 2 h [4].

Results: When treated with antibiotics, spectral changes in suscep-

tible bacteria can be observed, whereas resistant bacteria keep on

growing and generate normal spectral growth signatures. The com-

parison of sample spectra to a database yields species identification.

Principal component analysis defined spectral marker bands indicat-

ing effective antibiotic treatment. The spectroscopic approach was

adapted to determine the MIC after only 90 min interaction time. The

AST method using the novel multiwell-DEP-chip is demonstrated

with gram-negative urosepsis pathogens, namely Klebsiella pneu-

moniae, Proteus mirabilis and Escherichia coli.

Conclusions: We show how Raman spectroscopy can be utilized to

visualize the effect of antibiotics with different mechanisms of action on

sepsis pathogens with various antibiotic susceptibility patterns. Only

minimal sample preparation is required and short-time cultivation of

90 min is sufficient. The combination of DEP for concentrating bacteria

and Raman-spectroscopy for fast and non-destructive characterization

has the potential to become a fast and reliable diagnostic tool.

References: [1] Schröder et al. Anal. Chem. 2015, [2] Kloss et al.

Anal. Chem. 2013, [3] Schröder et al. Sci. Rep. 2013, [4] Kirchhoff

et al. Anal. Chem. 2018.
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Cell cycle biomarkers and soluble urokinase-type plasminogen
activator receptor for the prediction of septic acute kidney injury
courses requiring renal replacement therapy
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Introduction: Sepsis-induced acute kidney injury (AKI) is the

dominant AKI etiology in critically ill patients (1). In the absence of

kidney-specific therapeutic alternatives, renal replacement therapy

(RRT) is often the final therapeutic option. Whether and when to start

RRT remains an ongoing controversy (2). A major issue that persists

is the early differentiation of patients with progressive AKI and need

for RRT from those with autonomous renal recovery (3,4). Surrogate

parameters of glomerular filtration, however, are only vague indica-

tors of the true damage to the kidneys and thus inefficient for renal

outcome prediction (2).

Objectives: We hypothesized, that the product of the two cell cycle

arrest and tubular injury biomarkers tissue inhibitor of metallopro-

teinase-2 and insulin-like growth factor-binding protein 7 ([TIMP-

2]*[IGFBP7]), and the soluble urokinase-type plasminogen activator

receptor (suPAR) are of diagnostic value for the prediction of septic

AKI courses requiring RRT.

Methods: In a prospective, observational trial, 100 critically ill

patients were enrolled immediately after the fulfillment of Sepsis-3

criteria. Urinary [TIMP-2]*[IGFBP7] levels over time and serum

suPAR levels once at inclusion were measured. The primary clinical

endpoint was the occurrence of need for RRT within 7 days. Area

under the receiver-operating characteristic curves (AUC-ROC),

deLong’s tests and logistic regression models were calculated.

Results: Nineteen patients developed need for RRT. Diagnostic

performance of urinary [TIMP-2]*[IGFBP7] improved significantly

over time with the highest AUC of 0.89 (95% CI 0.80–0.98) at 24 h

after study inclusion. SuPAR levels at inclusion showed an AUC of

0.83 (0.75–0.92). The best discrimination ability for the primary

outcome measure was achieved for [TIMP-2]*[IGFBP7]24 h by

applying a cut-off value of C 0.6 (ng/ml2)/1000 (sensitivity 90.9,

specificity 67.1). SuPAR at inclusion performed best by using a cut-

off value of C 8.53 ng/mL (sensitivity 84.2, specificity 82.7). The

combination of newly tested biomarkers with cystatin C (CysC)

resulted in a significantly improved diagnostic accuracy. CysC in

combination with [TIMP-2]*[IGFBP7]24 h outperformed all present

standard renal parameters (Fig. 1: AUC 0.93 [0.86–1.00]).

Conclusions: [TIMP-2]*[IGFBP7] levels after the initiation of ther-

apeutic measures and suPAR levels at baseline are promising

biomarker candidates for the risk stratification of septic AKI patients

with the need for RRT.

References: 1. Kellum JA, Prowle JR (2018) Paradigms of acute

kidney injury in the intensive care setting. Nat Rev Nephrol

307:2265–230. https://doi.org/10.1038/nrneph.2017.184 2. Nusshag

C, Weigand MA, Zeier M, et al. (2017) Issues of acute kidney injury

staging and management in sepsis and critical illness: a narrative

review. Int J Mol Sci 18:1387. https://doi.org/10.3390/ijms18071387

3. Gaudry S, Hajage D, Schortgen F, et al. (2016) Initiation strategies

for renal-replacement therapy in the intensive care unit. N Engl J Med

375:122–133. https://doi.org/10.1056/nejmoa1603017 4. Barbar SD,

Clere-Jehl R, Bourredjem A, et al. (2018) Timing of renal-replace-

ment therapy in patients with acute kidney injury and sepsis. N Engl J

Med 379:1431–1442. https://doi.org/10.1056/nejmoa1803213.
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Introduction: Abdominal sepsis is associated with poor prognosis

and often leads to long term morbidity. Conventional microbiological

methods for pathogen detection and susceptibility testing are time

consuming and challenging. The Unyvero intra-abdominal infection

(IAI) application (Curetis GmBh, Holzgerlingen, Germany) provides

a cartridge based diagnostic platform for rapid pathogen and resis-

tance gene identification from intraperitoneal fluids based on

multiplex PCR.

Objectives: The study was performed to evaluate the diagnostic

performance of Curetis Unyvero IAI assay compared to standard

microbiological culture and to examine the correlation between

pathogens of abdominal focus and blood stream.

Methods: The prospective study was conducted at the surgical

intensive care unit, University Hospital of Greifswald, between

October 2017 and November 2018. Patients acutely admitted to

emergency department and surgical ward, suspected for abdominal

sepsis undergoing abdominal surgery were included prospectively.

The abdominal specimens (ascites and peritoneal fluids, swabs tissue)

were analyzed by the microbiological laboratory and additionally by

multiplex PCR (Unyvero IAI Application). Furthermore, blood cul-

tures were incubated for 6 days.

Results: In total 52 abdominal specimens from 51 patients were

collected. Overall, 123 pathogens were found by microbiological

culture and 159 by multiplex PCR. Most frequent pathogens detected

were Enterococci (10.5% vs. 16.4%), E. coli (14.6% vs. 12.6%) and

Bacteroides species (13% vs. 22.6%). The diagnostic performance of

Unyvero IAI showed an overall sensitivity of 81% and specificity of

85%. The positive predictive value was 94%, the negative predictive

value 61%. In consideration of the 3 most common pathogens, the

results showed a sensitivity of 100% and specificity between 87% and

96%. The calculated median time to result was 18 h by using mul-

tiplex PCR and 72.5 h by using microbiological culture. The
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pathogens detected in positive blood cultures matched in 59% with

the intraabdominal findings by using microbiological culture, but in

73% by using multiplex PCR.

Conclusions: Unyvero IAI application obtains faster results than

standard microbiological culture. Particularly the most common

pathogens can be detected reliably. Based on the results of abdominal

samples, the pathogen of blood culture can be predicted in most of the

cases. Prospectively the clinical use of Unyvero application can be an

advantage to hospitals, where the microbiological laboratory isn’t

available directly. However further prospective studies are needed to

confirm the results, the clinical relevance and to examine the diag-

nostic performance in a larger study population.
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nik für Innere Medizin II, Schwarzwald-Baar-Klinikum, Villingen-

Schwenningen, (3) Department of Hematology and Oncology,
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Introduction: Hyperferritinemia frequently occurs in the critically ill.

Hemophagocytic lymphohistiocytosis (HLH) is a rare syndrome often with

fatal outcome where hyperferritinemia is among the key clinical features.

Objectives: The aim of this retrospective observational study is to

present a mixed cohort of patients with hyperferritinemia admitted to

intensive care unit (ICU) and analyze the diagnostic value of ferritin

for HLH.

Methods: This study reviewed retrospectively data of all patients

admitted to any of the adult intensive care units (ICU) at Charité-

Universitätsmedizin Berlin between January 2006 and August 2018 who

had at least one ferritin value C 500 lg/L. We searched for all patients

diagnosed with ICD-10 code D76.1, D76.2 or D76.3 and for suspected or

diagnosed HLH in patients’ records. HLH was confirmed or declined by

two HLH experts. According to their ICD-10 diagnosis, all non-HLH

patients were then grouped into sepsis, septic shock and other diagnoses.

The latter group was subdivided into 17 groups.

Results: Of all 2625 patients analyzed, 38 (1.45%) were diagnosed

with HLH. HLH patients had the highest ferritin levels when com-

pared to sepsis, septic shock and other disease states (p\ 0.001).

Maximum ferritin levels were higher in patients with sepsis and septic

shock than in those with other diagnoses (each p\ 0.001). A ferritin

value of 9104 lg/L revealed 92.1% sensitivity and 91.9% specificity

for HLH diagnosis (AUC 96.2%, 95% CI 0.947–0.978). Comparing

septic and septic shock patients only, ferritin values were higher in

septic shock patients (median 1432 lg/L vs. 1545 lg/L, p = 0.001).

Comparing conditions of all subgroups, those with highest ferritin

levels were tuberculosis, hepatitis and VZV (median 2424 lg/L,

2066 lg/L, and 1935 lg/L, respectively).

Conclusions: This is the largest report of ICU patients with hyper-

ferritinemia who had multiple different conditions. Ferritin was

highest in HLH patients and differed significantly between patients

with HLH, sepsis, septic shock and other conditions. A ferritin of

9104 lg/L was at 92.1% sensitivity and 91.9% specificity for HLH

supporting its value in HLH diagnosis in critically ill patients.
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Evaluating a Cytosorb Score in septic shock (ECSISS study)
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Introduction: Sepsis represents a major challenge for modern medicine

and despite all advances made in recent years, almost all therapeutic

approaches have failed to prove their efficacy to date. Recently,

hemoadsorption, using a new adsorber (CytoSorb) has been used to treat

sepsis and other conditions of hyperinflammation. Despite promising

results [1–3], questions remain concerning timing, dosing and indication.

Objectives: We therefore aimed to create a new scoring system based

on established, clinically well-available parameters to identify

patients with early refractory septic shock, who would benefit most

from this adjuvant therapy. For this purpose, physiological patient-

related treatment data from patients with septic shock who received

CytoSorb treatment were compared to a control group that did not

receive this treatment (ClinicalTrials.gov Identifier: NCT03977688).

Methods: Data from 425 patients with septic shock according to

Sepsis-3 criteria were retrospectively analyzed. Each parameter was

documented at the time of diagnosis (T0 h) as well as 6 h (T6 h) later

to analyze the dynamic process in early septic shock. The threshold

values were based on Sepsis-3 criteria (lactate[ 2 mmol/l), admin-

istration of norepinephrine according to SOFA score

(norepinephrine[ 0.1 lg/kg/min) and volume requirement according

to the Surviving Sepsis Guidelines (initial bolus 30 ml/kg body

weight). If adjunctive therapy in this time was applied, application of

hydrocortisone and/or a second catecholamine/vasopressor was ana-

lyzed as well. All data were documented in a matrix (Fig. 1).

Results: Of the 425 patients analysed, 167 received additional

CytoSorb treatment and 259 received standard therapy. Both groups

were comparable in regard to age, sex, weight, and initial SAPS and

APACHE II score. Demographics, clinically relevant variables and

statistics are depicted in Table 1. Analysis revealed that septic shock

was typically represented by a maximum score of 5 points, while 6 or

more points indicated a situation refractory to standard therapy with

the worst outcome in patients[ 8 points. The differences in mortality

between score groups were significant (Fig. 2). Analysis however

showed a significant survival advantage in those patients where

CytoSorb therapy was started early (Table 2, Fig. 3). Only in Cyto-

Sorb treated patients with a score below 6 and a late start of cytokine

adsorption (mean 52.6 h), mortality was higher than initially expec-

ted, explained by a significantly higher rate of acute renal failure

(100% vs. 13.3% in control group) (Fig. 2). Among the overall patient

population, a total of 184 patients (43.3%) had pneumonia with 66
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(35.9%) of those receiving CytoSorb treatment (Table 3, Fig. 4).

Interestingly, comparing the subgroups with 6-8 points (Table 4),

those patients with an early start of CytoSorb therapy (n = 30)

showed a clear benefit in hospital survival compared to patients

receiving standard therapy (n = 63) (56.7% vs. 41%) (Fig. 5).
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Conclusions: In this study we aimed to validate a scoring system that

allowed the identification of patients with early refractory septic

shock who benefit most from adjuvant CytoSorb hemoadsorption

therapy. Applying this approach using four clinical and one laboratory

parameter, we were able to detect three populations with significant

S38 Abstracts

123



distinct mortality characterized by different scores. Particularly

pneumonia patients with early start of therapy showed a clear

advantage when treated with cytokine adsorption. This easy-to-apply

scoring system enables to track the early dynamic evolution of septic

shock and might be a useful tool in the decision to indicate CytoSorb

hemoadsorption regardless of kidney failure.
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Introduction: Hemophagocytic lymphohistiocytosis (HLH) and

macrophage activation syndrome (MAS-HLH) are severe hyperin-

flammatory syndromes emerging from a deregulated immune

response. Due to the wide spectrum of triggering conditions (i.e.

infections, malignancies, autoimmune disorders), clinical presentation

is highly diverse and patients may present in virtually all subspe-

cialties. Diagnostic vigilance is therefore a prerequisite to make

timely diagnosis, especially on intensive care units (ICU), as patients

with HLH and sepsis share main clinical features. Timely immuno-

suppressive treatment directed against the detrimental cytokine storm

is prerequisite to prevent multiple organ failure.

Objectives: To better understand and characterize adult HLH and to

sensitize clinicians to possible HLH, as early diagnosis and prompt

initiation of adequate treatment are essential to avoid organ damage

and ensure better outcomes.

Methods: As systematic data in adult HLH are sparse, a nationwide

clinical registry with associated consulting service was initiated. 190

patients have been registered since 08/2010. To confirm diagnosis,

HLH-2004 diagnostic criteria 1 and the HScore 2 (

http://saintantoine.aphp.fr/score/) were used. Pts were eligible for

analysis, if they either fulfilled HLH-2004 diagnostic criteria (5

required) or met at least 4 of these criteria and had a probability of

more than 90% for HLH according to the HScore.

Results: 137 patients were included in the analysis. Median age was

50 years with a wide range (17–87 years), and 87 patients (63.5%)

were male. Most common triggering diseases were infections in 61

patients (44.5%) and malignancies in 48 patients (35%). 45% of

patients presented with a pre-existing immunosuppression. A clinical

triad consisting of fever, splenomegaly, and cytopenia was common.

Virtually all patients had elevated ferritin concentrations, and 74%

had peak concentrations greater than 10,000 lg/l. Soluble Interleukin-

2 receptor (sIL2R) peaked at a median of 7500 U/ml. Median follow

up time was 154 days, and 67 of 131 patients (51%) had died at time

of analysis. Patients with malignancy-associated HLH had the

shortest median survival (160 days), however no statistically signifi-

cant difference between subgroups was observed (p = 0.077).

Platelets under 20*109/l and low albumin concentrations (\ 20 g/l)

were associated with poor overall and 30-day survival. Treatment

included adapted HLH-94 protocol (i.e. corticosteroids, etoposide,

polyvalent immunoglobulins and cyclosporine A), MAS-HLH tai-

lored agents in case of autoimmune/autoinflammatory background

(corticosteroids, anakinra) and trigger directed therapies (i.e.

chemotherapy, specific anti-infective treatment).

Conclusions: Adult HLH requires high diagnostic vigilance and has

to be differentiated from sepsis, as HLH patients need immediate

immunosuppression. Highly elevated ferritin and sIL2R values are

strongly suggestive and may give a hint towards potential HLH. All

efforts must be made to identify the underlying trigger. Close mul-

tidisciplinary case consultation and early contact with reference

centers are recommended (http://www.hlh-registry.org).
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Introduction: Effective sepsis treatment relies on early diagnosis. As

yet there is a lack of reliable and fast detection methods for sepsis

aiding the treating physician to differentiate non-infectious and

infectious stimuli as origin for inflammation and shock. Host specific

immune response could be helpful for identifying infection as cause
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for organ dysfunction. Raman spectroscopy is an emerging method in

the field of biomedical research with diagnostic potential. This

technique provides information on the biochemical features of the

cells in a non-destructive and label-free manner, which in turn enables

discrimination of different cell types as well as their functional states.

In Raman spectroscopy laser light gets scattered upon interacting with

the biomolecules and the inelastically scattered light contains infor-

mation about the molecular vibrations that are very specific to the

molecule. Hence, complex information about the cell and its activa-

tion status is captured by the Raman spectra. Previously, Raman

spectroscopy has been applied for leukocyte phenotyping [2, 3] and it

has been demonstrated in an ex vivo study of splenocytes isolated

from endotoxemic mice possibility to follow dynamic changes in the

T-lymphocytes [4]. In the current work we have applied Raman

spectroscopy as a new diagnostic platform for leukocytes screening to

obtain infection-specific information and for sepsis detection.

Objectives: The study aims at validating Raman spectroscopy sig-

nature of isolated blood leukocytes for fast, reliable and precise

identification of sepsis patients and to stratify patients having infec-

tion or non-infectious shock.

Methods: In this observational study (HemoSpec, DRKS-ID:

DRKS00006265) 54 patients, with pre-defined criteria of (a) inflam-

mation: patients with no proven infection, undergone elective surgery,

(b) infection: patients with clinically or microbiologically proven

infection, (c) sepsis: patients with organ dysfunction in accordance to

sepsis-3 definition were recruited. Peripheral EDTA blood (4.9 ml)

was collected for routine clinical diagnostic (Blood hemogram),

biomarkers (IL6, procalcitonin [PCT], C-reactive protein [CRP],

suPAR) and for Raman spectroscopy. Blood leukocytes were isolated

from 500 ll blood by removing erythrocytes by lysis method fol-

lowed by chemical fixation with 4% formaldehyde. The cells were

coated on CaF2 and measured immediately. Raman spectral data

analysis was performed with aid of chemometric analysis methods:

canonical powered partial least square (CPPLS) analysis and logit

regression analysis to build Raman spectral based model for patient

stratification.

Results: Raman spectroscopy allowed extracting phenotype infor-

mation of leukocyte subtypes. The logit regressions of the Raman

spectroscopic data shows good separation between patients having

infection (AUC = 0.83) and patients with sepsis (AUC = 0.82). The

major spectral differences were observed in the vibrational peak of

proteins and nucleic acid. To calculate the added value of Raman

spectroscopy, advanced statistical analysis was performed by

employing CPPLS, which allows including demographic data of the

patients as additional responses. All the models were validated by

leave-one-patient-out cross validation, that allows robust evaluation

of models, similar to testing on an independent data set. The CPPLS

model for Raman spectroscopic data allowed discrimination of sepsis

patients from the two other groups with a mean sensitivity of 72%

(AUC = 0.82) being equivalent to the mean sensitivity obtained by

using the biomarker panel consisting of IL6, PCT, CRP and suPAR.

The mean sensitivity for sepsis detection was increased to 91%

(AUC = 0.99) by combining Raman responses and the biomarkers.

There was no change in the sensitivity for sepsis detection by

including the qSOFA values. Similarly, we also show presence of

infection can be identified with mean sensitivity of 80% (AUC =

0.86) by using only Raman spectroscopic data and when combined

with biomarkers, the sensitivity was increased to 99% (AUC = 0.97).

In this study we demonstrate diagnostic capability of the Raman

spectroscopy and show the added value of Raman spectroscopy for

fast, accurate and reliable detection of presence of infection and

sepsis.

Conclusions: With the aid of chemometric methods, the Raman

spectroscopy model allows identifying patients with reactive leuko-

cytes leading to adverse immune responses manifesting as

inappropriate responses, i.e. sepsis. Further, we show Raman

spectroscopy brings in added value for qSOFA and biomarkers by

increasing sensitivity for sepsis patient detection. Raman spec-

troscopy has high potential especially in a decentralized health care

system for patients screening with suspected infection.
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Anal.Chem., 90(3), 2023–2030; [4] Ramoji, A, Ryabchykov, O, et al.,

2019, ImmunoHorizons, 3(2), 45–60.

093
Infection 2019

Comparison of blood culture with polymerase chain reaction
bacteria detection and procalcitonin levels as part of diagnostic
work-up of septic patients: preliminary results

Nejtek T (1,2), Müller M (1), Moravec M (1,2), Prucha M (4),

Zazula R (1,3)

(1) Department of Anesthesiology and Intensive Care, First Faculty of

Medicine, Charles University, and Thomayer Hospital, Vı́deňská 800,
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Introduction: Sepsis, defined as a organ dysfunction due to severe

infection (1), is one of the leading causes of mortality worldwide (2).

Early treatment, correct and rapid identification of offending

microorganism and timely administration of appropriate antibiotics is

of crucial importance in reducing mortality of sepsis. (3, 4) Blood

culture is considered gold standard in invading microorganism iden-

tification in sepsis diagnosis. Nevertheless, the culture takes time and

is not suitable for targeted antibiotic treatment in the early stages of

management of septic patient. Molecular – biological methods based

on polymerase chain reaction (PCR) testing could be a useful tool in

improvement of appropriate and early microbiological work-up in

septic patients, but they have certain limitations, namely costs and

laboratory equipment. (5) Furthermore among many other septic

biomarkers PCT is well established diagnostic tool to confirm or rule

out suspected bacterial sepsis. But its interpretation needs to be put in

the context with results of other tests, investigations and specific

clinical situation. (6, 7)

Objectives: The aim of ongoing study is to compare blood cultures

with PCR assay for presence of microorganisms. Secondary aim is to

evaluate levels of PCT at the time of clinical diagnosis of sepsis and

24 h after the first sampling considering results of blood cultures and

PCR.

Methods: In time of suspected or documented sepsis blood cultures

were drawn. Simultaneously other blood samples were frozen for later

PCR detection of infectious agent on the cooperating laboratory. PCT

levels at the same time (PCT1), respectively after 24 h (PCT2) were

examined. Results of blood cultures and PCR were combined and

divided into 4 groups: AP (infectious agent positive), AN (infectious

agent negative), AP G? (only grampositive infectious agent), AP G-

(only gramnegative infectious agent). Mixed flora and fungal infec-

tion were not further evaluated. Basic statistic methods were applied

to describe PCT levels in individual groups. Non parametric
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(Wilcoxon test and Mann–Whitney U test) statistic methods were

used to assess difference between groups and cases in time.

Results: Out of 65 blood samples were 26 (39%) blood culture

positive and 31 (47.7%) PCR positive. By combination of both

methods we found 41 (63.1%) agent positive results. In 20 (30.8%)

cases grampositive and 12 (18.5%) gramnegative were detected.

Mixed flora or fungal pathogen was found in 9 (13.8%)subjects. In 34

(52.3%) cases corresponded the results of bloodcultures with PCR

detection. In 1 (1.5%) sample partial congruence was documented. 15

(23.1%) samples was PCR positive and blood culture negative. 10

(15.4%) microbial agents was found in blood culture and not detected

in PCR. One of them was fungi, which is undetectable by used PCR

assay. 5 (7.7%) results was nonconcondart in infectious agent

between both methods. PCT levels in individual groups are shown in

Fig. 1. The difference in procalcitonin levels in individual groups or

in time was not statistically significant.

Group N PCT 1
(μg/L)

PCT 2
(μg/L)

Agent posi�ve 41 1.86 (0.77;13.57) 4.86 (1.09;20.6)

Agent nega�ve 24 2.1 (0.42;4.6) 2.29 (0.52;7.2)

Gramposi�ve 20 1.38 (0.43;9.82) 1.35 (0.56;17.1)

Gramnega�ve 12 7.0 (1.23;16.5) 9.31 (3.11;25.26)

Conclusions: PCR showed better detection ability than conventional

blood cultures. In part of examined samples was proven infectious

agent only in blood cultures. In some cases was nonconcordant pos-

itive results between both methods. We observed higher prokalcitonin

levels at the time of suspected or documented sepsis and also 24 h

after first sampling in group with detected gramnegative microor-

ganism in blood stream. This difference was statistically not

significant. Collection of new data continues.
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(2) Fleischmann. Carolin. André Scherag. Neill K. J. Adhikari.

Christiane S. Hartog. Thomas Tsaganos. Peter Schlattmann. Derek C.

Angus. and Konrad Reinhart. ‘Assessment of Global Incidence and

Mortality of Hospital-Treated Sepsis. Current Estimates and Limita-

tions’. American Journal of Respiratory and Critical Care Medicine

193. no. 3 (February 2016): 259–72. https://doi.org/10.1164/

rccm.201504-0781OC. (3) Levy. Mitchell M. Laura E. Evans. and

Andrew Rhodes. ‘The Surviving Sepsis Campaign Bundle: 2018

Update’. Intensive Care Medicine 44. no. 6 (erven 2018): 925–28.

https://doi.org/10.1007/s00134-018-5085-0. (4) Seymour. Christopher

W. Foster Gesten. Hallie C. Prescott. Marcus E. Friedrich. Theodore

J. Iwashyna. Gary S. Phillips. Stanley Lemeshow. Tiffany Osborn.

Kathleen M. Terry. and Mitchell M. Levy. ‘Time to Treatment and

Mortality during Mandated Emergency Care for Sepsis’. New Eng-

land Journal of Medicine 376. no. 23 (21 May 2017): 2235–44.

https://doi.org/10.1056/NEJMoa1703058. (5) Mencacci, Antonella,

Christian Leli, Angela Cardaccia, Marta Meucci, Amedeo Moretti,
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Physical Chemistry, Academy of Sciences of the Czech Republic,
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Introduction: It has been 20 years since Brunkhorst et al. described

the dynamics of procalcitonin (PCT) levels in patients with induced

iatrogenic sepsis [1]. Kauppi et al. identified myristic acid as a

metabolite with the highest diagnostic sensitivity and specificity in the

metabolome of bacteremic patients [2]. Cambiaghi et al. observed its

significant decrease in nonresponders to the treatment of septic shock

[3].

Objectives: Authors present a rare case of sepsis-like inflammatory

response to accidental intravenous administration of the Hylak Forte

germfree eubiotic preparation with evaluation of the kinetics of sev-

eral biomarkers including myristic acid.

Methods: A 30-year-old woman with no significant medical history

was admitted to the department of gynaecology with suspected

infection from uterine myoma necrosis. She was treated by intra-

venous antibiotics. On admission her laboratory tests were

unremarkable except for C reactive protein (CRP) of 300 mg/l. She

had stable vital signs with no symptoms of systemic inflammatory

response. On the second day the patient accidentally self-administered

2 ml of the Hylak Forte eubiotic preparation (Merckle GmbH) in her

peripheral intravenous cannula. The patient developed septic/SIRS

reaction shortly afterwards, she became febrile (39.6 �C) with

tachycardia (125 beats/min) and tachypnoea (22 breaths/min), her

blood pressure remained normal. The treatment consisted of fluid

resuscitation and corticosteroids, intravenous antibiotic therapy was

continued. Remission of the clinical symptoms occurred within 12 h

after the event. The patient had no signs of organ dysfunction and was

discharged on day 5. During a period of 96 h following the accidental

injection of Hylak, serum levels of CRP, PCT, interleukin 6 (IL-6),

presepsin, copeptin and free myristic acid were evaluated. The

myristic acid levels were determined by the gas chromatography/mass

spectrometry (GC/MS) method.

Results: 23 min after the insult, we recorded peak level of myristic

acid reaching a 10 times higher value (230.9 lmol/L) than the ref-

erence range, with gradual decrease in the 96 h to 26.6 lmol/L. The

reference values were determined as the median of myristic acid

levels measured in healthy subjects (18.9 lmol/L min 7.8 max 27.7

n = 66). Myristic acid was not detected in the eubiotic itself. All the
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biomarkers under evaluation showed dynamics typical of septic

inflammatory response. Dynamics of all examined biomarker levels

are shown in Fig. 1.

Conclusions: We conclude that myristic acid may be a promising

biomarker in the early identification of septic patients. It is currently

being systematically evaluated (NCT03314831).
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Introduction: Hemoadsorption devices are used to treat septic shock

by adsorbing inflammatory cytokines and as yet incompletely defined

danger and pathogen associated molecular patterns. In an ideal case,

hemoadsorption results in immediate recovery of microvascular

endothelial cell function and rapid recovery from catecholamine-de-

pendency [1].

Objectives: One reason for the functional deterioration of vital

organs in septic shock is the loss of barrier function by endothelial

cells. Out of a panel of innovative therapeutic options, blood filtra-

tions are promising strategies. To verify their efficacy, bioassays

using endothelial-cell integrity as a read-out parameter comprise a

valuable experimental approach.

Methods: Patients were treated with CytoSorb� according to the

hemoadsorption SOP of our intensive care unit (ICU). The

microvascular endothelial cell (mEC) bioassay was performed by a

rat brain derived cell line, co-incubated with protein fractions

recruited from hemadsorption devices used for treatment of septic

shock. Impaired endothelial growth as well as impaired viability of

mEC was documented by long-term video microscopy using Incu-

CyteZOOMTM (sartorius.com). Protein fractions resulting in

significantly impaired mEC viability were subjected to mass spec-

trometric analysis (Orbitrap, thermofisher.com).

Results: Protein fractions with mass spectroscopy and sorting of

ligands relevant in a context of DANGER ligand induced inflam-

mation, cell migration, and antimicrobial potential in patients

suffering from septic shock. Fifteen proteins turned out to be central

with either increased or decreased concentrations after CytoSorb�

treatment. Out of those the protein diminished most frequently was

Serum amyloid A 1 (SAA1), followed by Alpha-1-acid glycoprotein 1

(ORM1), adrenomodulin (ADM), selectively involved in the patho-

genesis in septic shock leading to vasodilatation [2]. ADM plays a

major role as a biomarker predicting outcome [3, 4] and guiding novel

treatment approaches [5]. In addition to ADM, other antimicrobial

peptides [6] (AMPs) such as cathelecidin derived LL-37 played a role

in a subgroup of patients by its significant downregulation after

treatment.

Conclusions: Mass spectroscopy is a valid approach to identify

individual response patterns of hemoadsorption therapy in patients

within septic shock.
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Introduction: Sepsis is a killer. While the majority of international

research focus on the biomedical mechanisms of sepsis, with signif-

icant breakthroughs in recent years, epidemiological studies

investigate population patterns that highlight import areas to include

to the research agenda, such as high-risk groups, high risk diseases

and high risk clinical settings. The actual functioning (or non-func-

tioning) of health systems, however, remain unclear. Yet health

system conditions (such as staffing, communication, information flow,
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etc.) and their influencing factors have a significant impact on earlier

detection of sepsis and could thus contribute to the reduction of

morbidity and mortality of sepsis worldwide.

Objectives: A pilot project within the CSCC aims to identify con-

ditions and influencing factors for earlier sepsis detection and to

develop interventions that could speed up the detection of sepsis.

Methods: The pilot applies an innovative social laboratory approach

and uses systematically pooled group intelligence and group gener-

ated insights, using an incubator workshop methodology, to disrupt

current thinking and create interventions for earlier detection.

Results: This presentation reports from the first of three workshops

within this EARLIER detection project. Early indications point to the

role of information sharing, multi-disciplinary communication and

coordination at various levels of the health system.

Conclusions: Participants of the first workshop developed two dis-

crete proposals to accelerate primary and secondary care sepsis

detection.
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Towards a blood culture-independent diagnostic tool for blood
stream infections using Raman spectroscopy
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Introduction: Clinical routine identification of blood stream infec-

tions is still problematic due to low colony forming unit numbers per

ml of blood or difficult to meet culture conditions of certain pathogens

[1]. Thus, progress in this traditionally microbiological area is nec-

essary. Advances in immunology research have shown that Raman

spectroscopy is a powerful tool to detect immune cell activation [2].

Objectives: In this study we used a blood culture- and pathogen

isolation-independent diagnostic approach to identify bacterial and

fungal infection from non-infected neutrophils.

Methods: Freshly isolated neutrophils were co-incubated with Sta-

phylococcus aureus as representative for Gram-positive bacteria,

Escherichia coli for Gram-negative bacteria or Candida albicans for

fungi. By using a High-Throughput-Screening-Raman Spectroscopy

(HTS-RS) system nearly 20,000 cells from three different donors

were measured and the data was fed into a random forest classifica-

tion model. Furthermore, 2D Raman scans were recorded using a

commercial Raman imaging system.

Results: Infected neutrophils were correctly distinguished from non-

infected cells with 92% accuracy, while neutrophils challenged with

bacteria or fungi were successfully predicted with 90% accuracy.

Even bacteria species prediction, in S. aureus and E. coli, was 84%

accurate. When the Raman scans were analyzed, phagocytized yeasts

could be visualized in Raman false color images without the need for

labeling or staining.

Conclusions: This proof-of-principle study shows that the Raman

spectroscopic fingerprint of neutrophils carries the information about

the activation state of the cell and furthermore, which pathogen

species activated the cells.
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Organ deficiency development and early lethality in sepsis
patients are linked to AQP5 promoter and intron polymorphisms
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Introduction: AQP5 belongs to the family of aquaporins (AQPs)-

membrane proteins responsible for selective transmembrane transport

of water. Studies by Adamzik and colleagues have stressed the role

the minor allele C of AQP5 1364A/C (rs3759129, mutation within the

promoter region) in predicting increased 30-day survival in sepsis and

acute respiratory distress syndrome (ARDS) patients and decreased

leukocyte migration (1, 2). In our previous studies, the role of another

minor AQP5 mutation within the another region of gene, the intron of

AQP5 gene (genotype AA, rs3736309) to mild course of ARDS has

been established (3).

Objectives: The purpose of current study was to further clarify the

possible contribution of both promoter and intron AQP5 mutations to

heterogeneity of sepsis course and outcomes in Intensive Care Unit

(ICU) patients.

Methods: Sepsis and septic shock were defined in patients according

to SEPSIS-3 (2016) consensus recommendations. Study groups

(n = 231) included ICU patients with intra-abdominal sepsis (IAS,

including pancreatitits, peritonitis, cholecystitis, appendicitis n = 72)

and two ICU cohorts of sepsis patients with other sources of infec-

tions (n = 47 and n = 112). AQP5 polymorphisms were studied by

analyzing PCR products in a 2% agarose gel using a AQP5 1364A/C

and AQP5 2254A/G specific tetra primer sets for single nucleotide

polymorphisms (SNP) rs3759129 and rs3736309, respectively. Data

were analyzed by Kaplan–Meyer plot, Fisher test, Mann–Whitney test

and Student t test when appropriate after determining the type dis-

tribution of variables odds ratios (OR) and P values were calculated

using SigmaPlot 12.5 software (Jandel Scientific Software, CA, USA)

and GraphPad InStat (GraphPad Software Inc., La Jolla, CA, USA).

Results: Distribution of alleles A and G and genotypes AA, GA and

GG of AQP5 2254A/G as well as alleles A and C and genotypes AA,

CA and CC of AQP5 rs3736309 1364A/C in patients with sepsis

versus control group of healthy volunteers did not differ. However,

patients with non-intra-abdominal sepsis and AQP5 rs3736309 AG

and GG genotypes (n = 112) exhibited enhanced maximum SOFA
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values and increased longevity of mechanical lung ventilation (MLV)

during ICU stay compared to patients with alternative genotype AA

(median values and 25–75 percentiles were: 13 (10.8–15) vs. 12

(7–14) for SOFA (P = 0.039), and 4 (1.8–11.8) vs. 2.3 (0.2–7.25)

days for MLV(P = 0.024, Mann–Whitney test), respectively. In sur-

vived patients, the difference between AQP5 rs3736309 G gene

carriers (GA ? GG) and AA homozygotic patients in maximum

SOFA values remained significant: 9 (8.2–12.2) vs 4 (3–7.8),

respectively (P = 0.002). Data demonstrate that allele G occurring

with minor frequency in population compared to variant A associates

with a more severe course of sepsis in non-ARDS and non-intra-

abdominal sepsis patients. No significant association of AQP5 intron

mutation G with lethality was revealed in this study. Obtained data is

complementary to our previous data demonstrating severe course of

ARDS in AQP5 rs3736309 GA/GG patients (3,4). Further, our AQP5

rs3759129 promoter polymorphism study confirmed the trend for

association of increased lethality and CC and CA genotypes of AQP5

1364A/C (rs3759129) variant. However, only patients with intra-ab-

dominal sepsis and AQP5 CC or CA genotype, demonstrated

significantly increased 30-day survival versus AA homozygotic

patients (lethality: 20% versus 60%, respectively, n = 93, P0.05).

Further studies revealed that the allelic variant C of polymorphic

AQP5 1364A/C promoter site contributes to protection against

increased SOFA: the median SOFA values were 10.5 (2.5–13) and 13

(3.7–16.2) for C? genotypes vs. AA genotype, respectively (n = 101

P = 0.039, Fisher test).

Conclusions: Polymorphism of intron region 2254A/G AQP5

rs3736309 affects development organ deficiency in sepsis whereas

allelic variant C within promoter region of AQP5 1364A/C

(rs3759129) protects against lethality The informative value of

detecting the AQP5 CC or CA genotype for prognosis of 30-day

survival versus AA homozygotic patients is increased only in

abdominal sepsis patients.
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Gene-based signature predicts future severe course of disease in
hospitalized patients with community acquired pneumonia
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Introduction: Community acquired pneumonia (CAP) is a common

disease with increasing hospitalization numbers and approximately

29.000 deaths annually in Germany alone (Welte et al. 2012). Mor-

tality of CAP patients can be decreased, when high-risk patients are

admitted to intensive care units. Conversely, late admission of CAP

patients to ICU was associated with higher mortality rates (1, 2).

Recently, we could show that the Sequential Organ Failure Assess-

ment score (SOFA) outperforms previously proposed clinical scores

and laboratory parameters for discriminating currently present severe

events (SEv), defined as a composite endpoint of either CAP-specific

treatment on ICU or death within 28 days. Risk prediction tools

which can be used to improve decision-making in treatment pathways

(especially regarding admission to intensive care unit (ICU)) are

urgently needed (3). Molecular predictors based on gene expression

profiling from blood are a promising approach to address this. Current

research successfully demonstrated the diagnostic value of tran-

scriptome-based scores for discriminating between currently present

CAP vs. non-CAP (4), CAP vs. hospital acquired pneumonia (5), or

bacterial vs. viral infection (6).

Objectives: We here aimed at identifying transcripts and pathways

associated with present as well as with future SEv and to identify and

characterize a transcript signature predicting future SEvs in patients

with CAP.

Methods: We assessed transcriptomic data from samples obtained

within the PROGRESS cohort. Future SEv were defined as previously

described (7). A total of 1247 samples was assayed. Raw data of

47,231 gene-expression probes were extracted by Illumina

GenomeStudio without additional background correction. Data was

further processed within R/Bioconductor. Expression values were

log2-transformed and quantile-normalised. Batch effects of expres-

sion BeadChips were corrected using an empirical Bayes method (8).

Finally analyzed samples comprised a total of 1189 gene expression

measurements from 544 patients equally divided in a discovery and

replication set.
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Results: Using blood-based expression data from the PROGRESS

study, we here identified transcripts and pathways associated with

present as well as with future SEv. We find that after adjusting for

current disease severity (i.e. present SOFA scores), effects of gene

expression on present SEvs are not correlated with effects on future

SEvs. We used our gene expression results to identify and success-

fully replicate a transcript signature for predicting future SEv. We

observed good discrimination in the discovery cohort (AUCDiscov-

ery = 0.82 (95% CI 0.71–0.91) and also in the replication cohort

(AUCValidation = 0.81 (95% CI 0.70–0.90), superior to discrimina-

tion observed for other 14 clinical prognostic scores including the

SOFA score. When combining the signature with the SOFA score,

prediction could be significantly improved (p = 0.0002 and p = 0.03

for the discovery and validation, respectively).

Conclusions: We suggest that clinical translation of this predictive

signature has the potential to reduce CAP-mortality remarkably by

improving clinical workflows.
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An observational study in patients diagnosed with Clostridium
difficile infection from Infectious Diseases Hospital ‘‘Saint
Parascheva’’ Iaşi City

Roşu F (1,3), Hurmuzache M (1,2), Dorobat V, Dorobat C (1,2)

(1) University of Medicine and Pharmacy ‘‘Grigore T. Popa’’ Iaşi

City, (2) Infectious Diseases Hospital ‘‘Saint Parascheva’’ Iaşi City,

(3) Infectious Diseases Hospital ‘‘Saint Parascheva’’ Iaşi- Intensive

Care Unit

Introduction: Infection with Clostridium difficile has in recent years

become increasingly more frequent being currently one of the most

common etiology of diarrheal disease.

Objectives: Analysis of the Clostridium difficile digestive infections

in patients admitted to the Infectious Diseases Hospital from Iaşi City

for a period of 14 months.

Methods: We have studied 166 patients with enterocolitis with

Clostridium difficile hospitalized during 1st of January 2018 and 28th

of February 2019.

Results: We have found an increasing trend in the number of cases in

the last 4 months, particularly among immunocompromised patients,

48% of cases occurred in patients with previous surgery area and 57%

came from medical services. Investigation by groups of antibiotics

revealed that the biggest risk is the use of fluoroquinolones followed

by cephalosporins. Relapses were found in 28.67% of cases, and

treatment was conducted: Metronidazole (66.26%), Vancomycin

(5.42%) and Vancomycin ? Metronidazole (28.31%).

Conclusions: Analysis of cases is a warning on unjustified and irra-

tional use of antibiotics and the danger of hospital infections.
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Adaptive clinical trials in sepsis research: pros and cons
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Introduction: The application of adaptive clinical trial designs

allows modifying design elements during trial conduct. In principle,

such designs may reduce resources, trial duration and sample size.

Furthermore, even the likelihood of identifying an effective treatment

might be increased. Recently, Talisa et al. (1) motivated the appli-

cation of such designs to clinical sepsis research in order to face the

challenges of treatment development. In a subsequent comment (2),

we tried to point out that such designs are no ‘‘magic’’ solutions for all

the challenges.

Objectives: We would like to initiate a more differentiated view of

methodological, statistical and practical challenges related to adaptive

designs.

Methods: Here, we consider four major components of adaptive

designs: response adaptive randomisation (RAR), adaptive enrich-

ment, seamless, and platform designs. For all components we display

pros and cons.

Results: Applying response adaptive randomisation (RAR), fewer

patients are randomised to the trial arm with poorer observed out-

comes (seemingly reduced efficiency). Thus, RAR is applied as a kind

of futility monitoring which should be better addressed by planned

interim monitoring without RAR. When applying RAR, one must

define the decision rules for adaptation upfront of study initiation,

monitor the randomisation weights to avoid instable estimates,

account for time dependency of the outcome (if necessary) and has to

rely on a short-term outcome. In particular, the latter have also been

questioned in sepsis research. Adaptive enrichment designs are

applied to identify patient (sub-) populations using biomarkers. One

should distinguish between prognostic and predictive biomarkers

even though some biomarkers are both prognostic and predictive (3).

However, in clinical sepsis research very few biomarkers exist.

Seamless designs allow moving from phase II to phase III without a

recruitment stop while using all the information in a joint final

analysis. In the application of seamless II/III designs, the optimal time

point for transition and the adaptive changes (e.g. which arm(s) to

drop) are crucial determinants of efficiency. In a platform trial, an IT

infrastructure (overarching platform) is used to identify eligible

patients across many trials in parallel to make trial conduct more

efficient. For these designs, organisational and statistical issues
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introduced by the screening platform must be addressed already in the

planning phase.

Conclusions: With respect to the major methodological challenges,

costs and benefits must be carefully checked against bias that is

introduced easily.
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Therapeutic drug monitoring -guided continuous infusion of
Piperacillin/Tazobactam significantly improves pharmacokinetic
target-attainment in critically ill patients: a retrospective analysis
from four years of clinical experience
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Introduction: Early effective antimicrobial treatment is fundamental

in sepsis therapy and should be initiated as soon as possible in order to

reduce patient mortality. Yet, optimal drug exposure in sepsis and

septic shock represents a key stumbling stone in the ICU due to a

multitude of pathophysiological alterations that critically interfere

with pharmacokinetic (PK) properties of b-lactams. PK-alterations

and consecutively insufficient serum concentrations have been iden-

tified as a principle mechanism of treatment failure in patients

receiving intermittent bolus applications of standard doses in the ICU.

Customized drug-dosing regimen like the continuous infusion of (but

not exclusively) b-lactams and the individual dose-application

according to therapeutic drug monitoring (TDM) measures have been

proposed as a reliable way to rapidly and effectively realize PK-target

attainment in critically ill patients. Attainment of defined PK-targets

has repeatedly been suggested to increase treatment success and

reduce patient mortality.

Objectives: The present study focused PK-target attainment within

24 h of CI of PIP and the effect of consecutive TDM-guided dose-

adjustments on target-attainment. Secondary aims included evaluation

of hospital and ICU-mortality depending on PK-targets.

Methods: Ethical approval was obtained (University of Ulm, Ger-

many, Proposal number 351/14, 12/2014). We retrospectively

analyzed a database of 484 patients (933 TDMs) that were treated

with CI of PIP for severe infections, sepsis and septic shock,

respectively, in the ICU of an academic teaching hospital between

2008 and 2012. Patients on renal replacement therapy were included.

Patients received TDM-guided CI of PIP according to a standardized

protocol: initial PIP bolus (2.25 g fixed, 20–30-min infusion) fol-

lowed by immediate initiation of CI (CI-doses where adjusted to renal

function, maximum dose within the first 24 h: 16 g) and obligatory

TDM of PIP within 24 h after treatment initiation (day 1). A com-

bination with iprofloxacin was initiated in the presence of septic

shock. PIP doses were subsequently adapted according to the results

of PIP TDMs with PIP serum concentrations of 33-64 mg L-1 being

the primary PK-target. The PIP dose within the first 24 h never

exceeded 16 g. PIP concentrations were measured using high per-

formance liquid chromatography (HPLC).

Results: TDM measurements (n = 933) mainly distributed over the

first six days of treatment (day 1: n = 484, day 2: n = 86, day 3:

n = 129, day 4: n = 80, day 5: n = 58, C day 6: n = 96). 38.6% of

patients (n = 187/484) presented with sepsis or severe sepsis and

38.1% (n = 184/484) with septic shock. Predominant foci of infection

were lung/pneumonia (n = 256/484; 53%) and peritonitis (n = 114/

484; 23.6%). PK target attainment within 24 h after treatment initi-

ation (Fig. 1). The minimum PK-target of C 33 mg L-1 was realized

in 89.9% (n = 435/484) of patients within 24 h of treatment whereas

34.3% (n = 166/484) exactly met the designated PIP target range of

33-64 mg L-1 and 25.4% (n = 123/484) exhibited moderately high

PIP serum concentrations (65-99 mg•L-1). However, 30.2%

(n = 146/484) of patients showed considerably high PIP serum con-

centrations of C 100 mg L-1; concentrations that are likely to exert

neuro- and/or nephrotoxic effects with sustained exposure. Only

10.1% (n = 49/484) of patients showed low PIP serum concentrations

(\ 16 mg L-1: n = 1/484, 0.2% and 16-32 mg L-1: n = 48/484,

9.9%).

Effects of TDM-guided dose adjustment measures (Table 1).

Beyond the first 24 h, 449 TDMs were performed and accounted

for major changes in target-attainment. While the fraction of low PIP

serum concentration did not significantly change (\ 16 &

16-32 mg L-1: 15.8%, n = 71/449), TDM-guided dose adjustment

measures beyond day 1 managed to further increase the fraction of

patients within the primary PK-target range by 62.4% (n = 280/449)

with median PIP concentrations of 46 mg L-1 [16; 33-64]. Overall,

TDM-guided dose adjustment accounted for an 82% increase of PIP

target attainment compared to the first 24 h of treatment. At the same

time, TDM-guided measures reduced moderately high PIP serum

concentrations by 63.4% to 17.4% (n = 78/449). Furthermore, dose-

adjustments accounted for a major reduction of patients with poten-

tially toxic concentrations C 100 mg L-1) by 85% to 4.5% (n = 20/

449). Overall, TDM effectively enhanced target-attainment while

reducing unreasonably high PIP serum concentrations at the same

time.

Effect of target attainment on ICU- and hospital mortality (Fig. 1).

ICU (12.0% vs. 14.6, 17.1 & 30.8%; p = .0013) and hospital

mortality (13.9% vs. 20.8, 21.1 and 36.3%; p = .0018) were signifi-

cantly lower in patients with an expsoure to the PK-target

concentration of 33–64 mg L-1 within the first 24 h of treatment

(Fig. 1). Exposure to PIP concentrations C 100 mg L-1 resulted in

significantly higher mortality (ICU: 30.8%, n = 45/146, p = .04;

hospital: 36.3%, n = 53/146, p = .03) compared to the PK-target

group and patients with moderately high (65–99 mg L-1).

Conclusions: Our data strongly support TDM-guided CI of PIP as a

safe strategy to significantly improve PK target-attainment in criti-

cally ill patients. CI generated sufficiently high PIP serum

concentrations within the first hours of treatment while critically low

concentrations rarely occurred. We further found evidence of both a

reduction in ICU- and hospital mortality with achieving predefined

target exposures of PIP. Validation through definite RCTs is, how-

ever, needed to confirm our findings.
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Tab. 1: Effect of consecutive TDMs and dose-adjustments on PK-target attainment. 

PIP [mg∙L-1]
<16 16-32 33-64 65-99 ≥100

% (N) ∑ N

24 hours 0.2 (1) 9.9 (48) 34.3 (166) 25.4 (123) 30.2 (146) 484 933

TDM-guided 1.1 (5) 14.7 (66) 62.4 (280) 17.4 (78) 4.5 (20) 449
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Pharmacokinetic dose-approximation significantly increases
pharmacokinetic target attainment during the first 24 h of
treatment with continuously infused Piperacillin/Tazobactam in
critically ill patients
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University of Queensland, Brisbane, St Lucia, QLD 4072, Australia,
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Introduction: Antimicrobials are amongst the very few drugs with

perfect correlation of drug concentration and treatment effect. Opti-

mal drug exposure aiming at predefined pharmacokinetic (PK)-targets

has been recognized a key point in modern treatment of infections in

critically ill patients, respectively those presenting with sepsis and

septic shock [1]. While standard dosing of b-lactams in the mentioned

setting is not recommended anymore [2], customized drug-dosing of

b-lactams including the principle elements of optimized infusion

(continuous infusion, CI) according to substance-specific pharma-

cokinetics along with therapeutic drug monitoring (TDM)-guided

dose-adjustments has evolved as a promising and beneficial alterna-

tive [3-5]. Data on CI/TDM are promising in terms of better patient

outcome and higher treatment success [3]. However, most customized

strategies start individual dosing after the initiation of a—usually

fixed—loading dose (LD) and infusion of a more or less standardized

dose for the first 24 h. A priori approximation of individual doses

using PK-algorithms is a way to start customized drug-dosing from

the early start of treatment.

Objectives: We hypothesized that the use of a dose-approximation

algorithm prior to treatment initiation might substantially increase

PK-target attainment compared to the standardized protocol (SP) used

in the original study (fixed bolus and standardized PIP-dose for CI for

the first 24 h of treatment).

Methods: The present study is a secondary analysis of a dataset of

484 patients treated in the ICU of an academic teaching hospital for

severe infections (23.3%, n = 113/484) and sepsis, severe sepsis and

septic shock (76.7%, n = 371/484) respectively (manuscript submit-

ted). We used the original patient data of the study and approximated

individual PIP doses for each patient for the first 24 h of treatment

using the Calculator to Approximate Drug-Dosing in Dialysis

(CADDy). Hypothetical PIP serum concentrations were deducted by

the patient’s individual PIP-clearance and the calculated PIP-dose.

Descriptive analysis was performed, and PK-target attainment com-

pared to the standardized protocol used in the original study. PIP PK-

target was defined as a serum concentration of 33–64 mg L-1, con-

centrations between 65 and 99 mg L-1 were regarded moderately

high whereas concentrations C 100 mg L-1 exceedingly high.

Results: The a priori use of a PK dose-approximation algorithm to

calculate individual doses other than administering a fixed regimen to

all patients would have increased the number of patients attaining the

predefined PK-target within the first 24 h of treatment by 53.6%

(n = 255/484 vs. 166/484). This result is of major importance as the

original study (along with previously published data) found that PK-

target attainment (33–64 mg L-1) within 24 h was associated sig-

nificantly lower rates for both ICU and hospital mortality. At the same

time, patients exceeding PIP serum concentrations of C 100 mg L-1

would have likely been reduced by 69.2%. The particular relevance of

this finding is that there are data suggesting neuro- and nephrotoxicity

with PIP serum concentrations C 100 mg L-1.

Conclusions: Our data suggest that the use of dose-approximation

algorithms and the application of individual PIP-doses within the first

24 h of CI significantly enhances PK-target attainment while pre-

venting exceedingly high (probably toxic) serum concentrations at the

same time. In our opinion, customized drug-dosing should be paired

with dose-approximation in a ‘‘right-dose, right now’’-manner [1].

However, definite prospective studies are needed to confirm our

findings.
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Tab. 1: Comparison of PK-target attainment within the first 24 hrs using a) the SP (2.35g PIP bolus, dose for 

CI adjusted to renal function) of the original study or b) individual dose-approximations calculated with 

CADDy 

PIP [mg∙L-1] < 16 16-32 33-64 65-99 ≥ 100

% (N)

SP 0.2 (1) 9.9 (48) 34.3 (166) 25.4 (123) 30.2 (146)

CADDy 0.2 (1) 12.2 (59) 52.7 (255) 25.6 (124) 9.3 (45)

+ 53.6% - 69.2 %

References: 1. Roberts, J.A., A. Kumar, and J. Lipman, Right dose,

right now: customized drug dosing in the critically ill. Critical Care

Medicine, 2017. 45(2): p. 331–336. 2. Udy, A.A., et al., Subthera-

peutic initial beta-lactam concentrations in select critically ill

patients: association between augmented renal clearance and low

trough drug concentrations. Chest, 2012. 142(1): p. 30–9. 3. Roberts,

J.A., et al., Continuous versus intermittent beta-lactam infusion in

severe sepsis: a meta-analysis of individual patient data from ran-

domized trials. American journal of respiratory and critical care

medicine, 2016(ja). 4. Abdul-Aziz, M.H., et al., Beta-lactam infusion

in severe sepsis (BLISS): a prospective, two-centre, open-labelled

randomised controlled trial of continuous versus intermittent beta-

lactam infusion in critically ill patients with severe sepsis. Intensive

Care Med, 2016. 5. De Waele, J.J., et al., Therapeutic drug moni-

toring-based dose optimisation of piperacillin and meropenem: a

randomised controlled trial. Intensive Care Med, 2014. 40(3):

p. 380–7.
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Emphasizing Antibiotic Therapy In Urosepsis
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Vinnytsia National State Medical University, Vinnytsia, Ukraine

Introduction: Kidney plays an incredibly important role in support-

ing different functions of the organism and is considered as a major

component for SOFA scoring. Urosepsis is comparatively rare but

severe condition. E. coli is most frequent cause of acute

pyelonephritis and renal infection in general. Its possible virulence

factors include the ability to adhere and colonize the urinary tract, an

important initiating factor in all urinary tract infections. Vesi-

coureteral reflux can be responsible for ascending upper tract

infection, but infection with P-fimbriated E. coli may lead to

ascending pyelonephritis. Renal ischemia leads to renal damage fol-

lowing infection by reperfusion damage due to the release of

superoxide ions. The acute inflammatory response can produce renal

damage because of the rapid development of hyperimmune response

with burst of phagocytic activity, which in parallel to eliminating

phagocytosed bacteria also damages renal tubules.

Objectives: The aim of this study is to reveal the species composition

and population levels of microorganisms causing acute inflammation

of kidney, perirenal tissues and their antibiotic resistance.

Methods: The study included 145 patients with acute pyelonephritis

complicated by SIRS and urosepsis (mean age 34.15 ± 6.79). Sixty-

seven (47.2%) were male and 78 (53.8%) were female.

Results: In 26 (17.93%) cases no growth of bacteria was achieved.

This indicates that not only monomicrobial cultures were obtained,

but also the associations of pathogens, where microbial spectrum

dominated by Gram-negative Enterobacteriaceae (E. coli and E. coli

Hly ?). However, pathogens were also presented by members of few

other taxonomic groups, including the Enterobacteriacea family (P.

mirrabilis) and Gram-positive S. aureus. In no single case, anaerobic

bacteria were found. The highest population levels were observed in

enteropathogenic strains of Escherichia coli. Normal E. coli popula-

tion level was 16.58% lower, while Staphylococcus aureus and

Proteus mirrabilis were 16.22% and 31.52% lower, respectively.

Results of antimicrobial susceptibility analysis for E. coli, as the most

prevalent cause of urinary tract infection, to commonly used antibi-

otics are as follows: amikacin (97.8%), gentamicin (97%),

ciprofloxacin (94%), nitrofurantoin (87.1%), nalidixic acid (93.7%),

trimethoprim-sulfamethoxazole (48.2%), cephalexin (76%), and

ampicillin (6.9%).

Conclusions: Existing scientific data shows that both etiologic

structure and the antimicrobial resistance patterns of the causes of

urosepsis are highly variable and continuous surveillance of uro-

pathogens is important.
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Acute kidney injury associated with infective endocarditis:
hemoadsorption (Cytosorb� adsorber) in combination with
CRRT as a valid therapeutic option. A case report
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(2) Cardiac Surgery Unit, University of Bari

Introduction: Multiple organ dysfunction syndrome (MODS) asso-

ciated with septic shock is characterized by high mortality [1].

Current therapeutic guidelines on septic patient management do not

support the use of extracorporeal intraoperative cytokine adsorber in

patients undergoing cardiac surgery.

Objectives: We report the clinical effects of an extracorporeal ther-

apy performed with the CytoSorb� adsorber in a patient with acute

kidney injury (AKI) and septic shock from infective endocarditis.

Methods: A 45-years-old man with a ventriculoperitoneal (VP) shunt

due to neonatal hydrocephalus, was hospitalized in Nephrology for

septic shock. Blood tests showed a rapid deterioration of renal

function (sCr 5 mg/dl, BUN 151 mg/dl), oliguria, anemia, neutrophil

leukocytosis and elevated inflammatory markers [C-reactive protein

(CRP) and procalcitonin (PCT) were 350 mg/l and PCT 7 ng/ml,

respectively]. Endocarditis on mitral and aortic valve was diagnosed

(multiple endocarditic vegetations, probable fistulized abscess with

pseudo-aneurysm formation and dissection of the mitro-aortic junc-

tion). The patient was transferred to Cardiac Surgery Unit to undergo

surgery. Due to the presence of persistent arterial hypotension not

responsive to fluid therapy and vasopressors, continuous haemodial-

ysis (CRRT: CVVHDF with citrate) was started in association with a

12-hour CytoSorb� hemoperfusion treatment. The extracorporeal

cytokine hemoadsorption CytoSorb� is a novel non-pharmacologic

technology, able to remove medium-size molecules such as pro-and

anti-inflammatory cytokines. CVVHDF has been set on the Fresenius

Multifiltrate system. CytoSorb� (CytoSorbentsTM) was installed in

series, downstream to the dialyzer on the same circuit. The patient

underwent a double-replacement mitral-aortic valve replacement with

a mechanical prosthesis. Subsequently, the patient continued

haemodialysis treatment (CVVHDF) associated with a new Cyto-

Sorb� cartridge for a further 24 h period.

Results: The preoperative use of CytoSorb� resulted in a successful

reversal of septic shock and a marked improvement in patient’s

hemodynamic stability in the first 48 h postoperatively. After the
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onset of Cytosorb� we observed significantly less vasopressor

requirements with a stabilization of the mean values of arterial

pressure (MAP). Furthermore, in the following 72 h a progressive

improvement of renal function (sCr 2.89 mg/dl) has been observed,

along with the recovery of diuresis and reduction of inflammatory

markers (CRP 105 mg/l, PCT 3.05 ng/ml), as shown in Fig. 1. The

patient was discharged from the Cardiac Surgery Unit after 10 days

from surgery with haemodynamic stability and without the need of

dialysis therapy.

Conclusions: Patients with septic shock are at a remarkably higher risk

for developing severe vasoplegia and multiorgan failure. Case reports

and case series published recently demonstrated that CytoSorb� treat-

ment in patients with septic shock results in improved hemodynamics,

significant decrease in vasopressor dose and effective removal of pro-

inflammatory cytokines after 24 h of application [2, 3, 4, 5, 6]. This case

report also highlights the potential effects of CytoSorb� in controlling

perioperative vasoplegia, likely modulating postoperative inflammatory

response and clinical outcome. In addition, the early use of the Cyto-

Sorb� may significantly reduce the need of postoperative renal

replacement therapy, favoring a rapid recovery of renal function.

References: [1] Russell J. A. Management of sepsis. N Engl J Med

355. 200, 1699–713. [2] Mitzner SR, Gloger M, Henschel J, Koball S.

Improvement of hemodynamic and inflammatory parameters by

combined hemoadsorption and hemodiafiltration in septic shock: a

case report. Blood Purif. 2013, 35:314–315. [3] Hetz H, Berger R,

Recknagel P, Steltzer H. Septic shock secondary to b- hemolytic

streptococcus- induced necrotizing fasciitis treated with a novel

cytokine adsorption therapy. Int J Artif Organs. 2014, 37:422–426. [4]

Träger K, Fritzler D, Fischer G, et al. Treatment of post- cardiopul-

monary bypass SIRS by hemoadsorption: a case series. Int J Artif

Organs. 2016, 39:141–146. [5] Kogelmann K, Jarczak D, Scheller M,

Drüner M. Hemoadsorption by CytoSorb in septic patients: a case

series. Crit Care. 2017, 21:74. [6] David S, Thamm K, Schmidt
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removal on vascular barrier function in a septic shock patient. J In-
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Introduction: Sepsis-associated Purpura fulminans (SAPF) is a rare

life-threatening condition emerging secondarily to severe bacterial

and viral infections. It is characterized by disseminated thrombosis in

dermal and systemic microcirculation, cutaneous hemorrhages with

progressing necrosis and multiple organ failure. The underlying

pathogenesis is based on the disruption of the intrinsic anticoagulation

cascade, with protein C deficiency being considered the leading factor

in this process.

Objectives: Epidemiological data on sepsis-associated purpura ful-

minans (SAPF) are scarce. Evaluations of the efficacy of different

therapeutic approaches in randomized clinical trials are lacking. The

causal role of individual microbial pathogens requires comprehensive

evaluation. The goal of the registry is comprehensive collection and

evaluation of information on epidemiology, etiology, clinical course,

biomarkers, and treatment of SAPF.

Methods: The multicenter registry was established in 2015 on the

international level. All patients diagnosed with sepsis-associated

Purpura fulminans can be included except for premature neonates.

Primary outcome is in-hospital mortality. A catalogue of all outcome

data is provided at ClinicalTrials.gov (

https://clinicaltrials.gov/ct2/show/NCT02238795). Participating cen-

ters enter data via a web application on the servers of the Centre for

Clinical Studies (ZKS) at the University Hospital Jena. The study

management software ‘‘OpenClinica’’ fully complies with regulatory

requirements (GCP, 21 CFR Part 11).

Results: 15 patients have been included until the end of 2018, of

whom 6 were female and 9 were male. The mean age of 42 is a result

of the inclusion of two children and two adolescents, the mean age of

adult patients was 54 years. Most patients were not vaccinated against

meningococcei nor pneumococcei. The dominant source of infection

causing sepsis and SAPF were community acquired. The spectrum of

positive bacterial cultures included S. aureus and N. meningitis,

Streptococcus species but also E. coli, Klebsiella species and Pseu-

domonas aeruginosa. In-hospital mortality was 35%.

Conclusions: The continuous monitoring of SAPF can provide

knowledge for a better understanding of this very rare condition and

will help to improve quality standards of care.
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Introduction: Extracorporeal removal of inflammatory mediators

(CytoSorb�) is a novel treatment modality used for immune modu-

lation in septic shock. The method is based on molecular weight and

concentration dependent adsorption of cytokines, toxins and inflam-

matory mediators to biocompatible polymer particles with an overall

surface area of more than 40,000 m2.

Objectives: Our aim was to examine and insert additional methodes

to supportive therapy in the treatment of our patient suffering from

severe acute pancreatitis.

Methods: A 42 year old male patient was admitted to the intensive

care unit with severe acute pancreatitis [APACHEII: 13 Ranson score

4 (24 h) and 8 (48 h)] as a result of food abuse and hypertriglyc-

eridemia (71 mmol/l). Along with supportive treatment

(haemodynamic and respiratory support, renal replacement therapy)

we applied plasma exchange on two consecutive days. Despite nor-

malizing serum triglyceride levels the patient had deteriorating multi

organ failure. Due to abdominal compartment syndrome surgical
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decompression was performed (open abdomen with vacuum dress-

ing). To attenuate the ,,cytokine storm’’ and remove pancreatic

catabolic enzymes we used pre-filter CytoSorb� with continuous

veno-venous renal replacement therapy (with regional citrate antico-

agulation) for 4 9 24 h.

Results: The patient was successfully stabilized and the recovery from

multi organ failure was accompanied by improving respiratory, kidney

and liver function and decreasing oedema. Bilirubin and procalcitonin

was excessively removed by CytoSorb�. We experienced no clotting in

the extracorporeal system and only mild and transient pH disturbances

(caused by citrate/calcium dosing) during the treatment. The abdomen

was completely closed by day 35, the patient was discharged from the

ICU on day 41 and returned home on day 45.

Conclusions: In addition to standard treatment of severe acute

necrotizing pancreatitis extracorporeal removal of inflammatory

mediators using CytoSorb� contributed to the recovery of our patient.

Given the complex pathophysiology, individualized approach and

further research is needed to examine the efficacy and safety of

extracorporeal cytokine removal.
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Introduction: Cytokines reduction by hemoadsorption represents a

new concept for blood purification in septic shock.

Objectives: In the present case report, we evaluated the impact of

Cytosorb� hemoadsorption device, used as a weapon in patient-tai-

lored therapy, on macro and micro haemodynamics.

Methods: A 70-years-old man was admitted to emergency department

with peritonitis, severe lactic acidosis (serum lactate: 6.8 mmol/L), and

imaging was consistent with ureteral rupture after operative ureteroscopy

with peritoneal purulence. He underwent a surgical ureteral repair and

debridement of the peritoneal cavity. This patient was admitted to ICU

with the diagnose of septic shock, SOFA score was 14, and underwent

an adequate fluid resuscitation. Vasopressors were needed to treat

hemodynamic instability. Microbiological samples were promptly taken

and a broad spectrum antibiotic therapy was started. Procalcitonine

levels were elevated: 330 lg/L. We implemented invasive hemody-

namic monitoring using Picco2� that showed an adequate cardiac output

(Ci 4.69 L/min/m2), but a reduced systemic resistance (SVRI 903 dynes-

s/cm-5/m2). We started microcirculation analysis in sublingual mucosa

with a non invasive videomicroscopy technique using Cytocam�. A

perfused vessel density (PVD)of 15,17 was detected and mean flow

index (MFI) was 2.58. Terlipressin was needed to treat vasoplegic shock

that was unresponsive to high dosage of norephinephrine: 2 lg/kg/min

The patient developed an acute kidney failure with anuria that was

unresponsive to massive diuretic therapy and continuous veno-venous

heamodialysis (CVVHD) was started. Admission blood essays shown

severe lactic acidosis accompanied by high levels of cytochines: IL1

5 pg/ml, IL6 361 pg/ml, IL8 214 pg/ml, IL10 28 pg/ml, TNF-a 126 pg/

ml. We started a combined treatment of hemoadsorption using a Cyto-

sorb� hemoadsorber and CVVHD.

Results: After 6 h of treatment we noticed a reduction in plasmatic

cytochines levels: IL1 5 pg/ml, IL6 118 pg/ml, IL8 145 pg/ml, IL10

27.8 pg/ml, TNF-a 61.1 pg/ml. After 24 h of treatment we described

an improved quality of blood flow: MFI 2.75 and increased PVD

16.08. Cytochines levels were reduced IL1 5 pg/ml, IL6 178 pg/ml,

IL 8 67 pg/ml, IL10 34.8 pg/ml, TNF-a 38.1 pg/ml. SOFA score was

11. We extended Cytosorb� treatment for 72 h using 3 cartridges with

a restoration of macrohaemodynamic parameters.

Conclusions: We present a case of septic shock with peritonitis

leading to multi organ failure. The early treatment with a combination

of CVVHD and Cytosorb� led to a rapid hemodynamic and metabolic

stabilization, suggesting that hemoadsorption might be an option in

patient-tailored therapy of septic shock.
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Introduction: Sepsis is a serious complication of infection and an

influential cause of morbidity and mortality worldwide. The use of

intravenous IgM-enriched immunoglobulin (Pentaglobin�) as com-

plementary therapy in sepsis patients appears promising, but data

from clinical studies alone are not sufficient to define quality stan-

dards for therapeutic use.

Objectives: Aim of the registry is to assess the effects of Penta-

globin�use on clinically relevant outcome parameters and its side

effects under real-life conditions based on a prospective, high-Quality

data documentation.

Methods: Data collection in adult patients with severe infections

began in January 2018. The participating centers collect the data via a

web application on the servers of the Center for Clinical Studies

(ZKS) at the University Hospital Jena. The study management soft-

ware ‘‘OpenClinica’’ fully complies with the regulatory requirements

(GCP, 21 CFR Part 11).

Results: By March 2019, 17 patients had been included. Of these, 13

patients have already reported data on treatment and post-treatment

visits. The average age of patients was 53 years. 8 patients were male,

9 were female. The majority of patients were admitted for the non-

surgical emergency. The mortality rate was 7 out of 13 patients

treated. In 4 cases sepsis was identified as a direct cause of death

(multiorgan failure).

Conclusions: Early data show the potential of the registry, although

the results must be interpreted with caution as the number of patients

included is small. A future extension of the data set could help to

improve clinical management of sepsis.
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Transpulmonary pressure guided APRV ventilation, new
perspective for ventilatory settings in ARDS patients

Bakó Z (1), Marjanek Z (1)

Intensive Care Unit, Jávorszky Ödön Hospital, Vác, Hungary

Introduction: APRV is a widely used and highly protective modality

of mechanical ventilation in severe hypoxaemic respiratory failure.

The old-new tool for the PEEP setting strategy is esophageal
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manometry derived transpulmonary pressure. Although it has a plenty

of the strategies, how to set up the time ratio and PEEP level, there is

a lack of recommendation for time and pressure settings based on

transpulmonary pressure. Our aim is to prove the transpulmonary

pressure relevance under APRV ventilation in comparison of classic

targets of setting (as time constant, flow analysis and volumetric

method).

Objectives: Inclusion criteria: We included moderate to severe

ARDS cases, in adults, which are potentially have benefit from higher

pressures, according to static PV curve analysis.

Methods: Methods: We compared 4 different methods to determine

expiration time. Flow curve analysis (targeting 70% of PEF), volu-

metric method (targeting 6 ml tidal volume/IBW), expiratory time

constant (Tlow = 1 9 time constant). Goals: We aimed to prove the

transpulmonary based method superiority over the other three meth-

ods. And analyse the effect on oxygenation (Horowitz score,

Oxigenation index, volumen, intrinsic PEEP).

Results: Results: We found, that all the methods improved oxy-

genation. The PEEP was significantly higher in the time constant

guided group. The transpulmonary pressure guided group allowed

lower PEEP, under the threshold of significance. But resulted better

CO2 elimination, and much more physiologic pH.

Conclusions: Conclusion: The transpulmonary pressure measurement

has a potential benefit in APRV set up. The low number of involved

patient has a limitation of the estimation of it’s significance.

References: 1. Airway Pressure Release Ventilation: What Do We

Know? Ehab G Daoud, Hany L Farag and Robert L Chatburn Res-

piratory Care February 2012, 57 (2) 282–292. DOI:

https://doi.org/10.4187/respcare.01238 2. Habashi NM. Other

approaches to open-lung ventilation: airway pressure release venti-

lation. Crit Care 2005 Med 33(Suppl 3):S228–S240 3. Terragni PP,

Rosboch GL, Lisi A, Viale AG, Ranier VM. How respiratory system

mechanics may help in minimising ventilator induced lung injury in

ARDS patients. Eur Respir J 2003 22(Suppl 42):15S–21S.
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Successful treatment of postcardiotomy septic shock with
venoarterial ECMO and cytokine hemoadsorption with
CytoSorbTM. A case report

Favale A (1), Raimondo P (1), Dambruoso P (1), Ceglie N (1),

Labriola C (1)

Intensive Care Unit, Ospedale Santa Maria-GVM Care & Research,

70124-Bari, Italy

Introduction: Mortality due to septic shock is very high, particularly

in patients with heart failure or septic myocardiopathy.

Objectives: In this case VA-ECMO could be useful to prevent irre-

versible organ damage, however, lack of control of a dysregulated

immune reaction may compromise survival. Association of VA-

ECMO and cytokine hemoadsorption could be effective in this

context.

Methods: A 59-year-old male patient, admitted 20 days after infer-

olateral AMI complicated by cardiac arrest, underwent off-pump

myocardial revascularization. Ejection fraction was 35%, therefore

IABP and Swan-Ganz catheter were placed. IABP was removed on

third POD, and weaning from dobutamine and mechanical ventilation

were started. Hyperthermia and arterial hypotension with no modifi-

cation of cardiac index (CI) showed at that moment. Nor-adrenaline

and adrenaline i.v. infusions were initiated after fluid challenge (T0).

Despite CI increase, systemic hypotension worsened and lactate

raised (T0 ? 6 h). After 12 h the mean arterial pressure(MAP) was

50 mmHg although high catecholamine dose, and lactate reached

15 mmol/l. Renal, hepatic and coagulation dysfunctions became

evident, and SOFA II score was 15 with 80% expected mortality.

PCT, PCR and leucocytes raised too (T0 ? 12 h). Peripheral VA-

ECMO was established to increase CI and oxygen availability

(DO2I), while CVVHDF was started to replace renal function, and

CytoSorbTM was installed into the CRRT circuit to prevent cytokine-

mediated organ damage, and restore peripheral vasomotor respon-

siveness. Vancomycin and gentamicin were empirically added.

Results: VA-ECMO increased CI, DO2I, and MAP. The patient’s heart

contributed to the overall CI (T0 ? 24 h). Hemoadsorption, delivered

continuously for 3 days, favored rapid clearance of blood lactate, PCT,

PCR, and leucocyte count normalization, preserved liver, kidney and

coagulation system, and hastened vasoplegia resolution. Adrenaline and

noradrenaline were reduced and stopped on 3rd and 6th day of treatment,

respectively. CVVDHF was halted in 6th. VA-ECMO was removed on

8th day, when SOFA II score was 8 with 15–20% expected mortality.

The patient was weaned from ventilation and dismissed from ICU

2 weeks later. Blood cultures were negative. Stafilococcus Aureus was

isolated from broncoalveolar lavage.

Conclusions: Care of patients in septic shock need to be tailored. In

this patient we considered the inability of the heart to increase cardiac

output and match increased oxygen requirements, therefore, in front

of a quick worsening of SOFA, we implemented VA-ECMO and

cytokine hemoadsorption with CytoSorbTM. This allowed prompt

reversal of the profound vasoplegia and quick removal of cate-

cholamine, hastened clearance of lactate, PCT and PCR, and

protected organs already made dysfunctional by sepsis. As matter of

facts, SOFA score passed from 15 to 8, and the patient showed a

complete recovery.
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Effect of early therapeutic plasma exchange on microvascular
coagulopathy in septic shock

Stahl K (1), Schmidt BMW (2), Welte T (3), Haller H (2),

Hoeper MM (3), Budde U (4), David S (2)

(1) Department of Gastroenterology, Hepatology and Endocrinology,

Hannover Medical School, (2) Department of Nephrology, Hannover

Medical School, (3) Department of Respiratory Medicine and German

Centre of Lung Research (DZL), Hannover Medical School, (4)

Medilys Laborgesellschaft GmbH, Hamburg

Introduction: Sepsis is associated with a shift of the haemostatic

balance, characterized by the activation of pro-coagulant pathways
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and an attenuation of anti-coagulant activity leading to microvascular

stasis and consequent organ failure. No specific treatment approach

exists to target this key pathophysiological process.

Objectives: In this study, we explored the effects of early therapeutic

plasma exchange (TPE) on microvascular coagulation dysbalance in

septic shock.

Methods: We conducted a prospective single center study enrolling

31 patients with early septic shock (onset\ 24 h) requiring high

doses of norepinephrine (NE[ 0.4 lg/kg/min). Clinical and bio-

chemical data, including measurement of protein C, ADAMTS13, and

vWF:Ag were obtained before and after TPE.

Results: Antithrombotic acting proteins such as antithrombin-III

(ATIII) and protein C were markedly reduced in septic shock patients.

After TPE, the activity of both proteins increased significantly [AT

III: 51 (41–61) vs. 63 (48–70) %, p = 0.029 and protein C: 47 (38–60)

vs. 62 (54–69) %, p = 0.029]. D-dimers were severely elevated in all

patients and significantly declined following TPE [13.1 (2.7–17.5) vs.

4.7 (2.3–8.6) mg/l, p\ 0.001]. Median ADAMTS13 activity was

markedly increased by TPE from 27 (21–42) before to 47 (38–62) %

after TPE (p\ 0.001). In contrast, vWF:Ag was highly increased at

study inclusion and could be reduced significantly by TPE [353

(206–492) vs. 170 (117–232) iU/ml, p\ 0.001]. Thrombocytes were

severely reduced in patients with ADAMTS13\ 30% (39*1000/ll

(26–63) and only slightly reduced in those with ADAMTS13 C 30%

[193 9 1000/ll (86–281), p = 0.004]. Regression analysis yielded a

significant correlation between ADAMTS13 activity and thrombocyte

count (p = 0.001, R2 = 0.316).

Conclusions: Severe septic shock was associated with activation of

pro-coagulant pathways such as vWF:Ag and ultra-large-VWF-mul-

timers and consumption of anti-coagulant factors such as

antithrombin-III, protein C and ADAMTS13. TPE partially attenuated

this dysbalance by removing pro-coagulant and by replacing anti-

coagulant factors. It has yet to be determined by an appropriately

powered RCT that TPE improves outcome in septic patients.
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Interim analysis from a randomized controlled trial on
therapeutic plasma exchange in early and severe septic shock

Stahl K (1), Seeliger B (2), Schmidt JJ (3), Wand P (3), Schmidt

BMW (3), Welte T (2), Haller H (3), Hoeper MM (2), Bode C (4),

David S (3)

(1) Department of Gastroenterology, Hepatology and Endocrinology,

Hannover Medical School, (2) Department of Respiratory Medicine

and German Centre of Lung Research (DZL), Hannover Medical

School, (3) Department of Nephrology, Hannover Medical School, (4)

Department of Anaesthesia and Intensive Care Medicine, University

of Bonn

Introduction: Introduction: Sepsis is a life-threatening dysregulated

host response to infection. Given the injurious role of (1) the over-

whelming immune response and (2) the consumption of protective

plasmatic factors (e.g. vWF cleaving proteases—ADAMTS13 etc.)

we hypothesize that early therapeutic plasma exchange (TPE) in

severely ill individuals might be beneficial. TPE combines two

aspects in one procedure: (1) Removal of harmful circulating mole-

cules and (2) replacement of protective plasma proteins. We have

recently shown in an uncontrolled pilot study that TPE is safe and

feasible in septic shock and that it might improve surrogate endpoints

(1).

Objectives: To investigate the degree of organ failure in patients with

early septic shock after a single initial TPE vs standard of care (SOC).

Key secondary outcome parameters were norepinephrine (NE) doses

after 6 h and 28-day mortality.

Methods: So far, we have included 20 septic shock patients (on-

set\ 24 h) requiring high doses of NE ([ 0.4 lg/kg/min) in this

single center RCT. TPE was performed within 4 h after randomiza-

tion (TPE n = 11, SOC n = 9). Clinical and chemical data (e.g. for

SOFA calculations) were obtained at randomization, 6 h later and

longitudinally over the following 9 days.

Results: Mean NE doses at randomization were comparably high

(SOC 0.69 ± 0.45 vs. TPE 0.78 ± 0.37 lg/kg/min) in both groups.

While 6 h later the NE dose was significantly lower in the TPE group

(0.26 ± 0.15 lg/kg/min, p = 0.002) it was unchanged in the SOC

group (0.61 ± 0.51 lg/kg/min). The NE dose between randomization

and 6 h was reduced by 64 ± 21% in the TPE group but only by

17.7 ± 29% in the SOC group (p[ 0.001). Mean total SOFA score

d1-9 (SOC 16 ± 3 vs. TPE 14 ± 3, p = 0.15) and 28-day mortality

was not significantly different (SOC 55.6 vs. TPE 45.5%, p = 0.34).

Conclusions: This interim analysis of a single center RCT supports

our hypothesis that early TPE in highly unstable patients might be

beneficial with regard to hemodynamic stabilization. Possibly due to

the small sample size only trends were detected with regard to hard

endpoints. A national multicenter RCT powered for mortality is

planned and funding applications are currently under review.

Reference: (1) Crit Care. 2018 Oct 30 22(1):285.
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Inflammatory and vasoactive mediator profiles during valvular
surgery with or without infective endocarditis: a case control pilot
study

Diab M (1,2), Tasar R (1), Platzer S (4), Sponholz C (3), Lehmann T

(4), Pletz MW (2,5), Bauer M (2,3), Brunkhorst FM (2,4), Doenst T

(1)

(1) Department of Cardiothoracic Surgery, (2) Center for Sepsis

Control and Care, (3) Department of Anaesthesiology and Critical

Care Medicine, (4) Center for Clinical Studies, (5) Institute for

Infectious Diseases and Infection Control, Jena University Hospital-

Friedrich Schiller University of Jena, Jena, Germany

Introduction: Surgery for infective endocarditis (IE) is associated

with a high incidence of multiple organ dysfunction syndrome

(MODS) and mortality, which may be linked to increased release of

inflammatory mediators during cardiopulmonary bypass (CPB).

Objectives: We therefore assessed plasma cytokine and precursor

hormone profiles in patients undergoing valve surgery with or without

IE.

Methods: We performed a prospective case–control pilot study

comparing patients undergoing cardiac valve surgery with or without

IE. Plasma profiles of inflammatory mediators were measured at 7

defined time points and reported as median (interquartile). The degree

of MODS was measured using sequential organ failure assessment

(SOFA) score.

Results: Between May and December 2016 we included 40 patients

(20 in each group). Both groups showed similar distribution of age

and gender. Patients with IE had higher preoperative SOFA (6.9 2.6

vs 3.8 1.1, p\ 0.001) and operative risk scores (EuroSCORE II

18.617.4 vs. 1.81.3, p\ 0.001). In-hospital mortality was higher in IE

patients (35% vs. 5%; p\ 0.001). At the end of CPB, median levels

of inflammatory mediators were higher in IE compared to control

group: IL-6 (119.73 (226.49) vs. 24.48 (40.09) pg/ml, p = 0.001); IL-

18 (104.82 (105.99) vs. 57.30 (49.53) pg/ml, p\ 0.001); Mid-re-

gional pro-adrenomedullin (MR-proADM) (2.06 (1.58) vs. 1.11
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(0.53) nmol/L, p = 0.003); MR- pro-atrial natriuretic peptide (MR-

proANP) (479.49 (224.74) vs. 266.55 (308.26) pmol/l, p = 0.028). IL-

1b and TNF- a were only detectable in IE patients and first after

starting CPB. Plasma levels of IL-6, IL-18, MRproADM, and

MRproANP during CPB were significantly lower in survivors than in

those who died.

Conclusions: The presence of infective endocarditis during cardiac

valve surgery is associated with increased inflammatory response as

evident by higher plasma cytokine levels and precursor hormone

profiles. Actively reducing inflammatory response appears to be a

plausible therapeutic concept.
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International registry on the use of the CytoSorb-adsorber in ICU
patients (NCT02312024)—results from the 8th interim analysis

Brunkhorst FM (1,2), Schein M, Braune A (1), Schumacher U (1)

(1) Center for Clinical Studies Jena (ZKS), Jena University Hospital,

(2) Dpt of Anaesthesiology and Intensive Care Medicine, Jena

University Hospital

Introduction: Clinical registries are valuable tools for assessing the

effects of medical applications under real-life conditions

Objectives: The aim of this registry is to record the use of CytoSorb

adsorber device in critically ill patients in as many cases as possible.

Methods: The objectives of the registry (

http://www.cytosorb-registry.org/) are collection of data on a broad

scale, centralized, structured and comprehensive documentation, and

controlled data exchange. The registry records all relevant informa-

tion in the course of product use, e.g. diagnosis, comorbidities, course

of the condition, treatment, concomitant medication, clinical labora-

tory parameters and outcome (ClinicalTrials.gov Identifier:

NCT02312024). Primary endpoint is in-hospital mortality as com-

pared to the mortality predicted by the APACHE-II and SAPS-II-

Score, respectively.

Results: Data available from the start of the registry on May 18, 2015

to June 4, 2019 were analyzed. At this time point 247 centers from 31

countries participated in the registry, of whom 37 centers from 8

countries provided data for a total of 719 patients. Mean age was

59.5 ± 15.1 years, 464 (64.5%) were male. The majority of patients

was admitted for non-surgical emergency, 363 (50.5%) patients, type

of admission was surgical emergency for 218 (30.3%) of the patients

and elective surgical for 138 (19.2%) of the patients. 663 (93.6%) had

one to 5 Cytosorb adsorber applications. The mean (± standard

deviation) duration of treatment was 50.0 ± 66.0 h for the sepsis

group (N = 394), 7.9 ± 16.4 h for patients with preemptive use in

cardiac surgery (N = 82), 52.1 ± 41.1 h for patients with postoper-

ative use in cardiac surgery (N = 49) and 62.3 ± 61.7 h for patients

with other indication (N = 183). Sepsis/septic shock was the most

common indication for CytoSorb treatment (401 patients), followed

by other indications (183 patients), incl. liver failure (76 patients),

acute pancreatitis (29 patients), ARDS with ECMO (23 patients). 68

patients were treated intraoperatively while receiving open-heart

surgery with the use of cardiopulmonary bypass. Mean APACHE-II

score in the sepsis/septic shock group was 29.9 ± 8.7 [range 11–55])

with a predicted risk of death of 70.4%, whereas the observed mor-

tality was 63.1%. This result for the sepsis group is supported by the

high SAPS-II scores (67.9 ± 18.5 [20–111]), with a predicted mor-

tality of around 72%. There were no significant decreases in the

SOFA scores before and after treatment (15.7 ± 4.2 [3–24] vs.

15.3 ± 5.1 [1–24]). However, IL-6 levels were markedly reduced

after treatment (median 5000 pg/ml before and 289 pg/ml after

treatment, respectively).

Conclusions: This 8th interim report demonstrates the feasibility of

the registry with excellent data quality and completeness from 37

study centers. The disease severity is remarkably high and suggests

that adsorber treatment might be used as an ultimate treatment in life-

threatening situations. There were no device-associated side effects

Longterm Outcome
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Long-term mortality and outcome in survivors of septic shock,
sepsis, and severe infections: the importance of aftercare

Rahmel T (1), Schmitz S (2), Nowak H (1), Schepanek K (1),

Bergmann L (1), Halberstadt P (2), Hörter S (2), Peters J (3), Adamzik

M (1)

(1) Klinik für Anästhesiologie, Intensivmedizin und Schmerztherapie,

Universitätsklinikum Knappschaftskrankenhaus Bochum, In der

Schornau 23-25, D-44892 Bochum, Germany, (2) Institut für Ver-

sorgungsforschung der Knappschaft, Knappschaft, Pieperstraße 14-

28, D-44781 Bochum, Germany, (3) Klinik für Anästhesiologie und

Intensivmedizin, Universität Duisburg-Essen & Universitätsklinikum

Essen, Hufelandstr. 55, D-45122 Essen, Germany

Introduction: Patients with severe infections and especially sepsis

have high in-hospital mortality. However, even hospital survivors

may face long-term sequelae, decreased health-related quality of life

and a greater, less appreciated risk of death. Specifically, data are

lacking regarding long-term outcome comparing patients with former

septic shock, sepsis, and severe infections without organ-dysfunction

according to the Sepsis-3 definition.

Objectives: To determine reliable estimates of long-term mortality,

morbidity, and evaluate the importance of aftercare in hospital sur-

vivors with former septic shock, sepsis, and severe infections without

organ dysfunction.

Methods: 117,202 patients having suffered from severe infections

within the years 2009–2016 were retrospectively analyzed to deter-

mine their in-hospital mortality, 3-month to 5-year mortality, and

common health sequelae within the first year after hospital discharge.

Cases were identified by clinical and pathogen-based ICD-10-GM

codes for sepsis and infections, and stratified according to the recent

Sepsis-3 definition.
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Results: Five years after hospital discharge, mortality of initial hos-

pital survivors were still increased in septic shock (HR: 1.70,

1.57–1.84), sepsis (HR: 1.66, 1.63–1.68), and surprisingly also in

survivors of severe infections without organ dysfunction (HR: 1.59,

1.55–1.63) compared to matched pairs. Furthermore, patients with

former septic shock (OR: 7.49, 5.97–9.39), sepsis (OR: 6.86,

6.53–7.21) as well as severe infections (OR: 6.84, 6.38–7.33) expe-

rienced a markedly greater risk of care dependency within 1 year after

hospital discharge. Strikingly, patients treated in specialized aftercare

facilities showed a significantly increased 5-year survival after suf-

fering from sepsis or sepsis shock (HR: 0.849, 0.796–0.905,

p\ 0.001, NNT: 18.6, 13.1–32.4) as well as severe infections without

organ dysfunction (HR: 0.757, 0.662–0.866, p\ 0.001 NNT: 10.6,

7.2–20.2) compared to matched patients discharged to home or self-

care.

Conclusions: Long-term mortality and morbidity of hospital sur-

vivors are markedly increased not only after sepsis but also following

severe infections without organ dysfunction. Our data also strongly

encourages implementing specialized aftercare programs that should

not be limited to patients with sepsis and septic shock but also include

patients with severe infections without organ dysfunctions.
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Comparative validation of three screening instruments for
posttraumatic stress disorder after intensive care

Kisyova H (1), Gawlytta R (1,2), Scherag A (2,3), Rosendahl J (1,2)

(1) Jena University Hospital, Institute of Psychosocial Medicine and

Psychotherapy, Jena, Germany, (2) Jena University Hospital, Center

for Sepsis Control and Care, Jena, Germany, (3) Jena University

Hospital, Institute of Medical Statistics, Computer and Data Sciences,

Jena, Germany

Introduction: PTSD is a common long-term sequelae after intensive

care of critical illness and is considered as part of the Post-intensive

care syndrome (PICS). Meanwhile, several self-report instruments

exist for screening patients at risk for PTSD. These measures have

been developed according to defined symptoms of different versions

of DSM current at the time of the instrument’s development.

Objectives: Aim of the current study is to compare the validity and

further psychometric properties of three screening instruments of PTSD

in patients after intensive care: the Post-traumatic stress scale-10 (PTSS-

10) developed according the diagnostic criteria of DSM-III-R, the Post-

traumatic stress scale-14 (PTSS-14) reflecting the PTSD criteria defined

in DSM-IV, and the PTSD Checklist for DSM-5 (PCL-5).

Methods: Participants were recruited within a large multicenter

patient cohort study on long-term sequelae of sepsis. Adult patients

(n = 83) on average 4 months after intensive care of (severe) sepsis or

septic shock were included (median age 64 years, 60% male). PTSD

symptom severity was assessed by three different self-report mea-

sures: two versions of the Posttraumatic Stress Scale (PTSS-10,

PTSS-14), and the Posttraumatic Stress Disorder Checklist for DSM-5

(PCL-5). A clinical PTSD diagnosis was derived by using the Clin-

ician-Administered PTSD Scale for DSM-5 (CAPS-5).

Results: Ten patients (12%) were diagnosed with PTSD. PTSS-10,

PTSS-14, and PCL-5 revealed good reliability and concurrent valid-

ity. PTSS-14 showed the best accuracy in screening patients at risk for

PTSD after intensive care with 80% sensitivity and 92% specificity at

the recommended cutoff of 40.

Conclusions: Compared to PTSS-10 and PCL-5, PTSS-14 appeared

more appropriate for post-ICU PTSD screening when validated

against a DSM-5 diagnostic interview.
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Internet-based cognitive–behavioral writing therapy reduces
post-traumatic stress after intensive care in patients and their
spouses: First results of the REPAIR trial

Gawlytta R (1,2), Knaevelsrud C (3), Niemeyer H (3),

Böttche M (3,4), Scherag A (2,5), Rosendahl J (1,2)

(1) Jena University Hospital, Institute of Psychosocial Medicine and

Psychotherapy, Jena, Germany, (2) Jena University Hospital, Center

for Sepsis Control and Care, Jena, Germany, (3) Department of

Clinical Psychological Intervention, Freie Universität Berlin, Berlin,

Germany, (4) Berlin Center for Torture Victims, Zentrum ÜBERLE-

BEN, Berlin, Germany, (5) Jena University Hospital, Institute of

Medical Statistics, Computer and Data Sciences, Jena, Germany

Introduction: As a consequence of sepsis and intensive care, con-

siderable proportions of patients but also of their spouses develop a

post-traumatic stress disorder (PTSD). However, only a very small

number receive psychotherapeutic treatment. Internet-based cogni-

tive–behavioral writing therapy (IB-CBWT) has proven to be an

effective treatment option for PTSD. It seems to fit the specific needs

of this cohort and to overcome treatment barriers.

Objectives: Aim of the REPAIR trial was to examine the efficacy,

safety and applicability of IB-CBWT for PTSD in patients and their

spouses after intensive care for sepsis.

Methods: Participants were randomly assigned either to a treatment

or a wait-list (WL) control group. The treatment group received

therapist-guided IB-CBWT for PTSD comprising two written

assignments per week over a 5 week period. Participants of the WL

control group received treatment after a waiting period of 5 weeks.

We present efficacy data for PTSD symptom severity assessed by the

Clinician-Administered PTSD Scale for DSM-5 (CAPS-5) at the end

of treatment/waiting time.

Results: Among enrolled 34 participants, 29 (18 patients/11 spouses,

mean age 55 years, 55% female, ICU stay 29 days) completed the

study. Five of 16 participants in IB-CBWT prematurely terminated

treatment. At the end of treatment/waiting time, there was a signifi-

cantly higher reduction in PTSD symptom severity in IB-CBWT

compared to WL (standardized mean difference, d = 1.90, 95% CI

[1.00, 2.79], p\ .001).

Conclusions: IB-CBWT revealed large effects on PTSD symptom

reduction in comparison to WL. Despite considerable efforts

recruitment of participants was difficult raising the question of post-

ICU accessibility of patients or spouses in need of treatment.
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Traumatic memories of intensive care by patients and their
spouses

Ballez J (1), Gawlytta R (1,2), Rosendahl J (1,2)

(1) Institute of Psychosocial Medicine and Psychotherapy, (2) Center

of Sepsis Control and Care

Introduction: A large number of ICU patients and their spouses

report considerable levels of posttraumatic stress after intensive care.

However, current knowledge regarding the content and organization

of traumatic ICU experiences is incomplete, and less is known about

dyadic similarities in traumatic ICU experiences.

Objectives: Aim of this mixed-method study was to explore the

description of traumatic ICU memories by patients and spouses, to
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analyze the language used for expressing these memories, and to

examine dyadic concordance in ICU experiences.

Methods: ICU survivors and their respective spouses with severe

posttraumatic stress symptoms were asked to give a detailed narrative

of their traumatic ICU event. Trauma narratives were analyzed (1)

with respect to the content using qualitative methods and (2)

regarding verbal expression of emotions, cognitive processes, and

other linguistic characteristics using the text analysis software pro-

gram ‘‘Linguistic Inquiry and Word Count’’ (LIWC).

Results: Eight couples were included. Patients (all men, mean age

52 years) were treated in intensive care for Mdn 28 days. They were

married for Mdn 25 years with their respective spouses (7 women/1

men, mean age 51 years). Narratives were written by patients and

their spouses Mdn 22 months after ICU discharge. Acute fear of

dying (personally experienced by patients or witnessed by spouses)

and strong feelings of helplessness were mentioned most frequently as

worst traumatic experiences in the narratives.

Conclusions: Examination of traumatic ICU experiences of patients

and their spouses might contribute to a deeper understanding of ICU

processes and traumatizing situations.
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Diagnostics, therapy and aftercare of sepsis in mandatory
national quality assurance of the German Health Care System:
status quo

Erckenbrecht S (1), Klages B (1), Haas L (1), Pauletzki J (1),

Klakow-Franck R (1)

Institut für Qualitätssicherung und Transparenz im Gesundheitswesen

(IQTIG)

Introduction: In January 2019 the Federal Joint Committee (Ge-

meinsamer Bundesausschuss—G-BA) requested Germany‘s central

institute for quality assurance in healthcare, the so called ‘‘Institute

for Quality Assurance and Transparency in the Healthcare System’’

(Institut für Qualitätssicherung und Transparenz im Gesundheitswe-

sen—IQTIG), according to § 137a SGB V, to develop a report

(,,Konzeptstudie‘‘) on optimal care aspects and areas for improvement

regarding ,,diagnostics, therapy and aftercare of sepsis‘‘. The G-BA

may use the developed evidence to take a decision whether to com-

mission the development of a nation-wide quality assurance

procedure for this specific care area. The developed quality assurance

procedure would ultimately allow for the collection of health care

data and implementation of quality indicators.

Objectives: This report’s objective is first, to identify sepsis-care

related quality deficits and areas for improvement, second, to deduce

relevant aspects of care, and finally to assess whether the identified

and described quality of care issues would be effectively addressed by

the available instruments that the nation-wide quality assurance pro-

cedure can offer.

Methods: The methods are applied according to the institute’s

methods handbook (,,Methodische Grundlagen 1.1‘‘)

Results: The so called quality model (,,Qualitätsmodell‘‘) which

provides a framework for evaluating quality of sepsis care encom-

passes three stages of development. The first stage focuses on the

qualitative and quantitative exploration of the topic area by

researching literature, guidelines, norms and regulations, by con-

ducting expert interviews and a quantitative analysis of health

insurance data. According to the G-BA‘s directive, patients of all ages

who receive treatment as out- or inpatients are included in the study.

All care phases, before and during the hospital stay as well as post

discharge are considered within the framework of the study. A care

pathway is developed which reflects relevant care processes high-

lighting critical key points as well as intersections between health care

sectors. Based on the researched and generated results from literature

research, data analysis, the focus groups with patients, next-of-kin and

healthcare professionals, relevant quality of care aspects are deduced.

Conclusively, only those quality of care aspects will be selected and

suggested which adhere to the scope of the G-BA’s directive and

which can be measured using the available instruments that the

nation-wide external quality assurance has to offer (documentation by

healthcare providers, data from health care insurances, patient inter-

views). The nation-wide external quality assurance procedure sets

standards for quality of care to be fulfilled by providers. It is therefore

critical to select care topics which can realistically be influenced by

health care providers as well as suggest potential for improvement.

Conclusions: The study’s results will provide evidence for decision

makers to decide in favour or against the development of a nation-

wide external quality assurance procedure according to §§ 136 ff.

SGB V. The final report will be published in December 2019 and give

recommendations whether and if so, for which patient groups the

development of an external quality assurance procedure is

recommended.
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Feeling safe in the ICU: suggestions of safety improve well-being
in ventilated patients

Schmidt B (1), Planer L (1), Deffner TM (2), Rosendahl J (3)

(1) Friedrich Schiller University Jena, Institute of Psychology, Jena,

Germany, (2) Jena University Hospital, Department of Anesthesiol-

ogy and Intensive Care Medicine, Jena, Germany, (3) Jena University

Hospital, Institute of Psychosocial Medicine and Psychotherapy,

Jena, Germany

Introduction: The imagination of a safe place is a successful method

in psychological therapy. Feeling safe is a requirement for any

intervention and supports the positive effects of an intervention.

Being a patient in the intensive care unit (ICU) represents an extreme

situation which is usually accompanied by psychological distress.

One of the key factors causing psychological distress is mechanical

ventilation as breathing is externally controlled.

Objectives: Aim of our study is to test the effects of safety sugges-

tions in patients treated with non-invasive ventilation (NIV) during

intensive care.

Methods: In a pre-post study design we tested the effects of stan-

dardized safety suggestions provided in a face-to-face setting by

trained therapists. Patients were asked to rate their subjective feelings

of anxiety, valence and arousal before and after receiving suggestions

of safety. We further recorded physiological parameters, e.g., heart

rate, blood pressure, and breathing before, during and after the

suggestions.

Results: Our results show that suggestions of safety significantly

improve subjective well-being of patients on NIV by reducing their

anxiety and arousal ratings.

Conclusions: Suggestions of safety are a successful method to reduce

psychological distress in ventilated patients during intensive care. Our

study supports the application of psychological interventions such as

positive suggestions in the ICU. Long-term effects of safety sugges-

tions on mental health after ICU discharge have to be examined in

further studies.

Abstracts S55

123



044
Infection 2019

Stratifying and treating sepsis-associated cognitive dysfunction

Hertel E (1,2) Geis C (1,2) Scherag A (2,3) Finke K (1,3)

(1) Department of Neurology, Jena University, (2) Institute of Med-

ical Statistics, Computer and Data Sciences, Jena University

Hospital, (3) Center for Sepsis Control and Care (CSCC), Jena

University Hospital

Introduction: Cognitive dysfunction is a major and debilitating

problem in survivors of severe sepsis. Patients suffer from significant

cognitive problems especially in the domains of attention and exec-

utive functions. So far, effective and feasible training strategies to

improve cognitive deficits in those patients have not yet been

evaluated.

Objectives: In the present pilot study, we aim to better characterize

the cognitive deficits in patients of the Mid German Sepsis Cohort and

to evaluate if these deficits can be influenced by specific home-based

neuropsychological training.

Methods: A controlled pre-post-test-design with two arms is used.

The specific training group performs a computerized, home-based

attentional speed, capacity, concentration and selection training at

increasingly complex levels of difficulty and speed (adaptive to the

individual user). The active control group performs a computerized

unspecific training, with equivalent training duration and intensity.

Training effects will be assessed as changes in visual attention

parameters in post- compared to pre-training sessions measured with a

psychophysical whole report paradigm based on the theory of visual

attention (TVA, Bundesen 1990) and a clinically established neu-

ropsychological battery.

Results: Primary outcome is parameter visual processing speed in

items per second. We will assess whether the specific training group

has a higher visual speed gain than the active control group. Besides,

we will evaluate if the specific training group benefits in further TVA

based parameters and neuropsychological test results, compared to the

active control group.

Conclusions: The results of this pilot study will provide first evidence

on whether cognitive deficits in sepsis patients can be improved by

targeted computerized training.

Reference: Bundesen, C. (1990). A theory of visual attention. Psy-

chological review, 97(4), 523.
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Implementation and evaluation of an interdisciplinary, trans-
sectoral pathway for sepsis patients

Hattenhauer S (1), Ragaller M (1), Bodechtel U (2), Bauer A (2),

Spieth P (1), Koch T (1)

(1) Klinik und Poliklinik für Anästhesie und Intensivmedizin,

Universitätsklinikum Carl Gustav Carus Dresden an der Technischen

Universität Dresden, Dresden, Germany, (2) Fachkrankenhaus für

fachübergreifende Intensivmedizin und Weaning und die Rehabilita-

tionsklinik Klinik Bavaria Kreischa, Kreischa/Zscheckwitz, Germany

Introduction: The University Hospital Dresden and the Bavaria

Kreischa Hospital jointly founded the Comprehensive Sepsis Center

Dresden-Kreischa in order to improve the quality of care for sepsis

patients in the acute as well as in the rehabilitative phase.

Objectives: By means of structured treatment algorithms and con-

sented standard operating procedures along with joint boards and

interdisciplinary discussion forums we aim at a sustainable quality

improvement in the care of sepsis patient. Our primary goals are a

reduction in sepsis related mortality and an increase in quality of life

of sepsis survivors. We will compare the patients in the structured

treatment plan with a matched cohort of patients not enrolled in this

pathway in order to evaluate the benefits of this program.

Methods: All patients with sepsis and septic shock admitted to the

intensive care unit during the study period of 3 years will be included

in the treatment pathway. It describes the cross-sectoral therapeutic

concept by defining therapeutic goals in each treatment stage and

determining assessment tools and therapeutic measures suitable for

achieving these goals. Furthermore, parameters required to evaluate

treatment success are defined. Informed consent will be obtained by

the patient, a legal representative or an independent physician. We

designed a database collecting over 800 variables during the whole

process of care from the acute phase until discharge from the reha-

bilitation program. In addition, the patient’s long-term outcome will

be assessed in terms of independency in daily life, cognition, mental

health, and quality of life. Furthermore, independent risk factors for

relevant clinical endpoints will be identified as a basis for future

prospective studies. Clinical endpoints are mortality, proportion of

patients in need of in-patient care (re-hospitalization), mobility,

cognition, mental health und quality of life after one/two/three years.

In addition, parameters of process quality such as duration of venti-

lation, duration of tracheal cannula care, duration of renal

replacement therapy, extent of wound care etc. are recorded, clinical

endpoints will be analyzed by statistical tests. A follow up will be

performed at fixed time points up to 3 years after discharge.

Results: The clinical pathway as well as variables included in the

database was consented among the participating institutions and an

application for ethical approval as well as registration of this study

has been filed.

Conclusions: We developed an interdisciplinary, trans-sectoral

treatment pathway for patients with sepsis in order to improve quality

of care and outcomes. Our database will provide long-term data to

identify potential risk factors necessary for clinical decisions making

as well as planning of future prospective studies in this field.
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Trends in sepsis and septic shock mortality between 2009 and
2019, a systematic review and meta-analysis

Vogelmann T (1), Preissing F (2), Stiefel J (1), Adam Blanco D (2),

(1) Linkcare GmbH, (2) CytoSorbents Europe GmbH

Introduction: Previous research suggested that in-hospital mortality

rates of septic shock and sepsis have been reduced at a 1% yearly rate,

but numerous clinical trials have failed to show an improvement in

mortality. Currently, no recent and systematic overview on mortality

data at 30-days or 90-days, that take into account data from RCTs and

observational studies and distinguish between sepsis and septic shock,

is available.

Objectives: We aimed to estimate the 30- and 90-days mortality rates

for sepsis and septic shock in a systematic review and meta-analysis

and assess, whether a change over the past decade can be observed.

Methods: We performed a systematic review of English articles

published between 2009 and 2019 in MEDLINE of interventional and

observational studies. We extracted the following information for

each study in a standardized way: study design, enrollment start and

end date, country of the study, average age, SOFA score and

APACHE II of patients, enrollment of patients with severe sepsis vs.

septic shock, 28-days and 90-days mortality rate for septic shock and
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sepsis patients. A meta-analysis of pooled 30- and 90-days mortality

separately for sepsis and septic shock was performed using a random-

effects model. Time trends were assessed using the joinpoint method.

Results: 4,494 records were identified in the electronic database.

After title/abstract screening, 783 articles were assessed in full text

for eligibility and 166 studies were included in the quantitative

analysis. 80 studies reported data on 30-days septic shock mortality,

37 on 90-days septic shock mortality, 72 on sepsis 30-days mortality

and 27 on 90-days sepsis mortality. Average 30-days septic shock

mortality was 34.82% (95% CI 32.70–36.94%) and 90-days septic

shock mortality was 38.43% (95% CI 35.43–41.53%). Average

30-days sepsis mortality was 24.62% (95% CI 21.86%–27.40) and

90-days sepsis mortality was 32.36% (95% CI 27.36–37.35%). Esti-

mated mortality from RCTs were slightly below prospective and

retrospective cohort studies. Between 2009 and 2018, we found a

trend in the reduction of 30 days mortality rate among sepsis patients

but no reduction in mortality rate in septic shock patients at 30 or

90 days.

Conclusions: Despite some evidence of a trend towards lower mor-

tality rates in sepsis patients over the past 10 years, no reduction in

mortality has been observed among septic shock patients, indicating a

remaining high unmet need in those patients.

108
Infection 2019

Counselling interviews for patients, relatives, and surviving
relatives: updated experiences of the German Sepsis Aid

Redlich U, Groenert H, Trumann A, Wegmann R, Herrmann V,

Brunkhorst FM

German Sepsis Aid, Germany

Introduction: The German Sepsis-Aid is the world’s first association

of sepsis patients and their relatives. In 2007, the German Sepsis Aid

was founded in Jena as a non-profit-organisation for and by people

affected by sepsis. Before, there were no national or international

contact persons in this field, nor was there a focal point for patients

and their families. The German Sepsis Aid is financed exclusively by

donations, membership dues and subsidies of health insurance com-

panies. It waives funding from pharmaceutical companies or other

entities that could create a conflict of interest.

Objectives: The main objective is to provide a unique platform for

sepsis survivors and their families to connect, to share experiences

and to find support. The German Sepsis Aid pursues the target to raise

awareness for the symptoms of sepsis and to fight the often long-

lasting sequelae of this disease. Women and men, who are aware of

sepsis from their own experience, volunteer to give practical and

psychosocial assistance and information, according to the principle of

,,sepsis patients help sepsis patients’’. The German Sepsis Aid can be

reached by telephone helpline (?49 700-737747-00) 12 h a day,

website and email.

Methods: 571 counselling interviews, requested between 01.01.2017

and 19.6.2019, were analysed. Multiple requests per enquirer were

evaluated as one request.

Results: 60% of the requests were made via the telephone helpline,

30% per email, 8% via the website and 8% of the enquirers used other

communication ways. 49% of the requesting people were rela-

tives/guardians or friends, former sepsis patients were 37%, and

others 14%. The inquiries had a wide variety. They focused on

questions about long-term consequences and rehabilitation in 49% of

cases followed by questions about the acute disease in 38% cases.

Other inquiries, such as questions about grief assistance or contact

with affected persons, were made in 33% cases. After the consulta-

tion, the German Sepsis Aid provided additional printed free

information material for 30% of the help seekers. Frequently, the

support is not finished after a call or an answered email, and further

conversations occurred in the course of the time and the total number

of contacts was 801 during the reported time frame.

Conclusions: On the part of patients affected from sepsis and their

relatives there is a strong need to receive information with regards to

the acute disease, therapy, possibility of prognosis and rehabilitation

as well as to request for support and contact with other concerned

people.

Acknowledgement: Supported by the German Sepsis Society (GSS).
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Microbiota alleviates host resistance and causes septic
complications in diabetic foot syndrome

Sydorchuk RI (1), Sydorchuk LP (1), Khorshani Bilel (1),

Hrushko OI (2), Plehutsa OM (2), Sydorchuk I (1), Plehutsa IM (2),

Vakarchuk AV (2), Sydorchuk AR (1), Ilaschuk II (2), Plehutsa N (2)

(1) Bukovinian State Medical University, Chernivtsi, Ukraine, (2)

A&E Hospital, Chernivtsi, Ukraine

Introduction: Limb sepsis in diabetic foot syndrome (DFS) patients

is associated with significant morbidity and mortality. The patho-

genesis of diabetic foot infections in these patient populations appears

to be related to ulcers and underlying peripheral neuropathy being the

most important risk factors as well as existing diabetic multiorgan

dysfunction risk. The major risk factors for DFS are still unclear but

existing data suggest poor glycaemic control is associated with

respective poor outcome. However, in most studies, the possible

immunocompromising role of DFS microbiota is not regarded as an

influential factor. Moreover, many studies ignore micribiota’s role in

sepsis development in DFS patients.

Objectives: The aim of this study is to evaluate micribiota’s influence

on non-specific host resistance and its role in sepsis development in

DFS patients.

Methods: Study involves 107 DFS patients (PEDIS grades 2–3,

IDSA moderate to severe infection score). Microbiota obtained

intraoperatively evaluated using standard aerobic and anaerobic

techniques, phagocytic activity and phagocytic index of neutrophils

and monocytes isolated in the two-step ficoll-verographin 1077/1093

density-gradient centrifugation.

Results: It is established that conditionally pathogenic bacteria—

pathogens of purulent-necrotic processes of soft tissues under DFS

show suppressive effect on the phagocytosis of neutrophil granulo-

cytes systems, decreasing phagocytic activity, phagocytic quantity

and phagocytic capacity of peripheral blood of patients. The highest

level of suppression of phagocytic activity was associated with S.

aureus (75.58%), S. pyogenes (92.36%), R. melaninogenicus

(74.75%), and P. aeruginosa (34.55%). Lowest immunosuppressive

activity found in E. coli (16.13%), S. haemolyticus (17.80%), E.

cloacae (18.39%), S. intermedius (19.01%).
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Conclusions: Immunosuppressive activity of chronic wounds

microflora associated with DFS is an important, though under eval-

uated pathogenesis factor leading to increased severity and sepsis.
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Associating SIRS, sepsis, cardio-vascular insufficiency and
antiphospholipid syndrome in patients with diabetes type II
complicated by diabetic foot syndrome

Sydorchuk LP (1), Fomin PD (3), Bilel Khorshani (1),

Sydorchuk RI (1), Hrushko OI (2), Sydorchuk II (1),

Sydorchuk AR (1), Plehutsa OM (2), Plehutsa IM (2),

Sydorchuk OI (3), Vakarchuk AV (2), Knut RP (1)

(1) Bukovinian State Medical University, Chernivtsi, Ukraine, (2)

Emergency Hospital Chernivtsi, Ukraine, (3) National State Medical

University, Kyiv, Ukraine

Introduction: While septic shock or cardio-vascular insufficiency

(CVI) is a major cause of death in sepsis, there is no clear concept

concerning the role of immune disorders in its pathogenesis in sepsis

backed by various metabolic and cardiovascular comorbidities.

Objectives: The aim of the study was to evaluate the levels of

antiphospholipid antibodies dependently of chronic CVI stages and

complications appearance in patients with verified non-inflammatory

thrombotic vessels pathology (NITVP) and metabolic disorders (di-

abetes type II complicated by diabetic foot syndrome) as a malicious

background for sepsis.

Methods: One hundred fifty four patients with NITVP and diabetes

type II complicated by diabetic foot syndrome (DFS) were involved

into the study (64 men and 90 women, mean age 58.4 ± 4.1 years):

1st group included 25 patients with CVI II, 2nd group—20 patients

with CVI III, complicated with cerebral ischemic stroke and AMI

control group included 10 patients with CVI I. All patients were tested

for presence of NITVP and CVI by Doppler ultrasonography, duplex

scanning, angiography, Echo-CG, Reoencephalography, BP and ECG

Holter-monitoring, clinical laboratory examination. For research

purpose the antibodies to cardiolipine (AKL) isotypes IgG and IgM

were typified with the standard immune-enzyme method (ELISA),

titres of antibodies to myocardial, renal, cerebral and vascular intimae

antigens were investigated. Standard treatment and surgical proce-

dures according to IDF Clinical Practice Recommendations were

applied. All patients had sepsis or SIRS at least once during the course

of disease, making it possible to establish connections with comor-

bidity and septic shock risk.

Results: Isotype of IgMG-AKL antibodies’ increasing was revealed

in 5 patients of 1st group. Isotypes of IgG-AKL and IgM-AKL

antibodies were increased in 5 and 4 patients of the 2nd group,

accordingly. The titres of antibodies to myocardial, renal, cerebral

and vascular intimae antigens were significantly higher in the patients

of 1st and 2nd groups comparatively to the control group (p\ 0.05).

Level of antibodies to target-organs antigens most closely correlated

to the CVI in 2nd group (the highest correlation indices). Smaller, but

still strong correlation coefficients of CVI to myocardial, renal,

cerebral and vascular intimae antigens antibodies were in 1st group.

Mortality among patients due to sepsis was as follows: 8 (32%)

patients in group 1, 11 (55.0%) patients in group 2, and 1 (10.0%) in

control.

Conclusions: Data obtained in the study shows importance of

comorbidity as a major factor predicting sepsis-related mortality. IgG-

AKL and IgM-AKL or antiintimae, antirenal, antimyocardial and

anticerebral antibodies were respective to CVI showing dependences

between vascular failure, complications appearance and immune

disorders in patients with diabetes type II complicated by sepsis.
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Ivor Lewis esophagectomy is at high risk for respiratory distress:
respiratory impairments beyond pulmonary complications

Reichert M (1), Schistek M (1), Uhle F (2), Koch C (3), Bodner J (4),

Hörbelt R (1), Hecker M (5), Padberg W (1), Weigand MA (2),

Hecker A (1)

(1)Department of General, Visceral, Thoracic, Transplant and

Pediatric Surgery, University Hospital of Giessen, Rudolf-Buchheim

Strasse 7, 35392 Giessen, Germany, (2)Department of Anesthesiol-

ogy, University Hospital of Heidelberg, Im Neuenheimer Feld 110,

69120 Heidelberg, Germany, (3)Department of Anesthesiology,

Intensive Care Medicine and Pain Therapy, University Hospital of

Giessen, Rudolf-Buchheim Strasse 7, 35392 Giessen, Germany, (4)

Department of Thoracic Surgery, Klinikum Bogenhausen, Eng-

lschalkinger Strasse 77, 81925 Munich, Germany, (5) Medical Clinic

II, University Hospital of Giessen, Germany, Klinikstraße 32, 35392

Gießen

Introduction: Pulmonary complications and respiratory failure are

frequently observed in patients after transthoracic esophagectomy and

decreases clinical outcome, whereas the reason behind remains

unclear.

Objectives: To evaluate the impact of surgical approach on respira-

tory distress beyond pulmonary complications, oxygenation indexes

(OI) of patients after right-sided thoracotomy for esophagectomy

(ESO-group) are compared with those of patients after major lung

resection (PULM-group).

Methods: Retrospective single-center analysis of 181 patients after

two-staged esophagectomy (n = 83) and major lung resection

(n = 98). OI (PaO2/FiO2) was calculated perioperatively until post-

operative day ten. FiO2 of patients without mechanical ventilation

was estimated being 30%. OI\ 300 mmHg indicated respiratory

distress. Discharge from intensive care unit indicated adequate res-

piratory function (OI C 300 mmHg). Mann–Whitney-U and

Pearson’s-v2 test were used for two-group comparisons, Kaplan–

Meier estimator calculated cumulative incidences.

Results: The rate of reduced OI was higher initially in PULM-group

(p = 0.009), and, although the thoracic part of esophagectomies was

shorter as of pulmonary resections (p\ 0.0001), patients from ESO-

group suffered more frequently from reduced OI with statistical sig-

nificance at all postoperative days. In line, cumulative incidence of

reduced OI was higher in ESO-group versus PULM-group

(p\ 0.001). The rate of postoperative pneumonia was higher in ESO-

group (22.9% versus 10.2%, p = 0.025) but misses significance

(p = 0.1) in Kaplan–Meier analysis.

Conclusions: Postoperative respiratory dysfunction depends on the

surgical procedure. Beneath thoracotomy, duration of single-lung

ventilation and perioperative inflammation other causes should be

considered. A major difference between the two reported surgical

procedures is impairment of parasympathetic branches of the vagal

nerve, which may cause respiratory impairments by pulmonary edema

formation.
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Differentiated usage of ointments in the treatment of infected
wounds

Fuss J (1), Voloboyeva A (2)

(1) Department of surgery, Regional Central hospital in Pustomyty,

Ukraine, (2) Department of Intensive Care, Hospital §8, Lviv,

Ukraine

Introduction: Differentiated selection of optimal means for local

treatment, depending on the stage of the wound process, its features and

complications has a significant effect on the timing, purification, filling

granulation and preparation of wounds to the operation of skin plastics

[1, 2, 3]. In this regard, the effect of differentiated use of ointments on

the treatment of wounds in the second phase was studied [4, 5].

Objectives: Study the differentiated use of ointments for the treat-

ment of infected wounds

Methods: The results of the treatment of 50 patients who were admitted

to the burn department for extensive purulent wounds for treatment and

preparation for operations in skin plastic surgery were studied. In the first

phase of the wound process, ‘‘Baneocin’’ (Sandoz) was used, in the

second stage, the ‘‘Sulfargin�’’ (Grindex) was used. The comparison

group consisted of 50 patients with similar areas and depths of wounds,

which used ‘‘Bactroban’’ (GlaxoSmithKine) for treatment.

Results: The use of ‘‘Baneocin’’ in patients with the first phase of the

wound process did not cause an increase in pain, most (43 out of 50)

reported a decrease in pain intensity. As a rule, the 5th day of treat-

ment in the wounds marked the appearance of granulation, which

allowed the transition to the use of ‘‘Sulfargin’’. In the comparison

group, the application of ‘‘Bactroban’’ in the first phase of the wound

process did not cause an increase in pain, at the same time, the

reduction in the intensity of pain associated with bandage was noted

in only 2 out of 50 patients. The appearance of granulation was

observed at 6–8 days of treatment. The microbial wound landscape

was represented primarily by St. epidermidis, E. coli and Ps. aerug-

inosa (Table 1). As can be seen from the table, the total antibiotic

efficacy of mupirocin was slightly greater than 1/3, while neomycin

was effective in more than � cases. Using the Sulfargin provided

rapid wound preparation to skin plastic surgery.

Table 1 Sensitivity of microflora to antibiotics in ointments
Type of microflora Mupirocin Neomicin
St.epiermidis n=40 20 20

E.coli n=25 12 13
Ps.aeruginosa n=25 0 25
Associations n=10 4 6

Total n=100 36 64

Conclusions: 1. Local treatment of purulent wounds should be con-

ducted with differentiated use of drugs, which allows adequately

affect the phases of the wound process. 2. In the first phase of the

wound process, the use of ointment Baneocin provides a reduction in

the duration of the first phase of the wound process on average for

1 day.

References: 1. Mihai, M.M.Giurcăneanu, C.; Popa, L.G.; Buzea, M.;

Filipov, M.; Lazăr, V.; Chifiriuc, M.C. Popa, M.I. Identification and

phenotypic characterization of the most frequent bacterial etiologies

in chronic skin ulcers. Rom. J. Morphol. Embryol. 2014, 55,

1401–1408. 2. Lee, M.J.; Pottinger, P.S.; Butler-Wu, S. Bumgarner,

R.E. Russ, S.M. Matsen, F.A. Propionibacterium persists in the skin

despite standard surgical preparation. J. Bone Jt. Surg. Am. 2014, 96,

1447–1450. 3. Howard, A. O’Donoghue, M. Feeney, A. Sleator, R.D.

Acinetobacter baumannii: an emerging opportunistic pathogen. Vir-

ulence 2012, 3, 243–250. 4. Rotstein, O.D. Vittorini, T. Kao, J.

McBurney, M.I. Nasmith, P.E. Grinstein, S. A soluble Bacteroides

by-product impairs phagocytic killing of Escherichia coli by neu-

trophils. Infect. Immun. 1989, 57, 745–753. 5.Cutting, K.F. White,

R.J. Criteria for identifying wound infection revisited. Ostomy

Wound Manag. 2005, 51, 28–34.
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Application of VAC-system in the treatment of diabetic foot
syndrome

Fuss J (1), Voloboyeva A (2), Polovyj V (3)

(1) Department of surgery, Regional Central hospital in Pustomyty,

Ukraine, (2) Department of Intensive Care, Hospital §8, Lviv,

Ukraine, (3) Department of surgery, Bukovinian state medical uni-

versity, Chernivtsi, Ukraine

Introduction: A developing local infection in a diabetic foot is only a

factor that aggravates the course of the diabetic foot and does not play

an independent role in the development of this pathology [1, 2, 3].

One of the new methods used in the treatment of wounds is vacuum

therapy or VAC therapy (vacuum - assisted closure). Vacuum

therapy is a highly effective method of treating wounds, based on

prolonged local effects of negative pressure on the wound [4, 5].

Negative pressure wound healing is an innovative technique that

accelerates wound healing and allows successfully treat wounds that

cannot be cured by other methods [6].

Objectives: Improving the results of treatment of patients with neu-

roischemic and neuropathic form DFS.

Methods: Studies were conducted on the basis of the Department of

General Surgery. The work is based on the results of treatment of 114

patients with purulent-necrotic complications of diabetic foot syndrome

from 2015 to 2018. Of these, 23 patients with type 1 diabetes, 91—with

type 2 diabetes. Men—49, women—65. The age of patients ranged from

38 years to 64 years. The study included patients with wounds after

small operations performed and necroectomies within the foot with a

depth of injury—grades II–III. According to the Wagner classification. In

the structure of purulent-necrotic lesions of the feet, there was a pre-

dominance of phlegmon of the foot in 88 (77.1%) patients. Next in

frequency is the gangrene of the toes of 26 (22.9%) patients. Patients

were divided into two groups: control—traditional therapy was applied

using ointment dressings and staged necrectomy—57 patients and the

basic group—57 patients, vacuum therapy was used. The surface area of

wounds ranged from 4.5 to 11.8 cm2 and averaged 8.15 ± 1.1 cm2. In

determining the microbial landscape of the wound flora, it was found that

in most cases mixed flora was observed, most often represented by St.

aureus, Ps. aeruginosa and E. coli.

Results: In order to determine the effectiveness of this technique, we

used such criteria as: the dynamics of the microbial landscape and the

wound process, the timing of the wound defect closure. On the back-

ground of the treatment, there was a gradual decrease in the number of

sowing microorganisms from wounds. So, in the dynamics in the control

group, the frequency of detection of St. epidermidis decreased in a week

by 20%, in 14 days—by 45%, and in the main group—by 26.1% and

65.2%, respectively. Cultivation of St. aureus in the control group after a

week from the start of treatment decreased by 12.5%, after 14 days—by

37.5%, and in the basic group—by 25% and 75%, respectively. Wound

healing in diabetes is characterized by lengthening of the inflammatory

phase and inhibition of proliferation. In order to detect these changes and

assess the impact of the use of vacuum therapy, we studied microscopic

specimens of wound biopsy specimens. Biopsy samples were taken on

days 7, 14, and 21 after the start of treatment. In the control group, in

microscopic preparations taken by the end of 7 days from the start of

treatment in the area of the wound defect clearly defined areas of tissue
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debris, delimited by leukocyte shaft, consisting mainly of neutrophilic

granulocytes in a state of severe dystrophy. For a long time, persistent

neutrophilic infiltration of drugs is determined, which persists for

2 weeks of treatment. On the 14th day, in the majority of microscopic

preparations, tissue debris was subjected to lysis and rejection. In

preparations taken from infiltrate lymphohistiocytic elements prevail, in

56% of the micropreparations neutrophilic granulocytes constitute a

significant proportion of cells. By day 21, lymphohistiocytic infiltration

of varying severity is present in the wounds. There was no formation of

argyrophil and collagen fibers, inhibition of fibroblast proliferation and

maturation of granulation tissue was noted. In addition, it was noted slow

resorption of tissue debris. In the study of microscopic specimens from

the wounds of the main group, neutrophilic tissue infiltration was also

maintained during the first 2 weeks of treatment during treatment. In

dynamics, neutrophilic infiltration was observed in 32% of biopsy

specimens. By day 14, lymphocytes, plasma cells, eosinophils, and

macrophages prevailed in the preparations. On the 21st day after the start

of treatment, the predominance of fibrous structures and the maturation

of the connective tissue were observed in wound biopsy, indicating the

beginning of regeneration. Thus, the presented histological data indicate

a lengthening of the inflammation phase of the wound process on the

background of diabetes mellitus, which is manifested by an increase in

the neutrophil content leukocytes on the 14th day. The use of a vacuum

system led to a more rapid cleansing of wounds during the treatment

process.

Conclusions: The use of vacuum therapy in the complex treatment of

purulent wounds contributed to a markedly rapid cleansing of wounds

and, accordingly, a reduction in their area and depth, and an accel-

eration of the process of granulation and epithelialization compared

with traditional treatment methods.
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Introduction: Because of high mortality, prolonged hospital stays

and increasing costs, invasive Candida infections of critically ill

patients are of particular interest. Notably, surgical non-neutropenic

septic patients are at high risk due to their risk profile [1–3]. Early and

appropriate antifungal treatment is a crucial factor to improve survival

[4]. However, diagnosis is time-consuming and remains challenging,

caused by low sensitivity [5, 6]. Risk models for predicting can-

didemia have been developed but are not evaluated in an acute setting

of surgical patients with acute sepsis. Even though there are different

strategies to identify patients at risk for invasive Candida infections,

it remains unknown who benefits from empiric antifungal therapy

[7–10]. Therefore, a rapid risk prediction is desirable to initiate

antifungal therapy as early as possible and to avoid overtreatment.

Objectives: To evaluate bedside Candida scores and to develop a new

risk model for predicting candidiasis in non-neutropenic surgical

intensive care patients on the onset of severe sepsis/septic shock.

Methods: Retrospective data from 621 patients with severe sepsis/

septic shock admitted to the surgical intensive care unit at the

University Hospital Greifswald from January 2010 to December 2013

were analyzed. Candida Score [11] and Ostrosky-Zeichner’s clinical

decision rule [12] were constructed for every patient at the time of

diagnosing sepsis. The predictive power of the two classifiers was

evaluated and compared with a receiver operating characteristic. The

primary endpoint was the presence of an invasive candidiasis. A

logistic regression model was developed to identify significant risk

factors and for prediction of invasive Candida infection.

Results: The prevalence of invasive candida infections was 14.3%

(89 cases). For the Candida Score a sensitivity of 89.4%, a specificity

of 30.8%, a positive predictive value of 17.1% and a negative pre-

dictive value of 94.8% was found. Ostrosky-Zeichner’s clinical

decision rule performed with a sensitivity of 35.3%, a specify of

81.2% a positive predictive value of 23.1% and a negative predictive

value of 88.7%. In the logistic regression model 5 major risk factors

were found: age (70–79) [OR = 3.47 95% CI 1.10–10.96], pancre-

atitis [OR = 3.82 95% CI 1.73–8.43], abdominal surgery [OR = 2.97

95% CI 1.68–5.24], category surgical planned at admission [OR =

3.89 95% CI 1.32–11.43] and total parenteral nutrition [OR = 3.81

95% CI 1.97–7.40]. The OR was 1.41 (95% CI 1.05–1.89) if three out

of four minor risk factors (acute renal and circulatory failure, meta-

bolic acidosis, mechanical ventilation) were present. The new rule

(combining the major and minor risk factors) showed a higher area

under the curve (AUC 0,798) than Candida Score (AUC 0,636) and

Ostrosky-Zeichner’s clinical decision rule (AUC 0,582).

Conclusions: The new prediction model combining the major and

minor risk factors showed higher diagnostic accuracy than Candida

Score and Ostrosky-Zeichner’s clinical decision rule. Neither the

Candida Score nor the clinical decision rule (Ostrosky-Zeichner et al.)

can be deemed to be significant for an empirical decision regarding

antifungal therapy in critically ill patients at the time of sepsis

diagnosis. The possible new rule has to be evaluated in an
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independent test group. There is still a need for more precise diag-

nosis in this particular subgroup of patients to identify the ones who

benefit from empirical antifungal therapy and to avoid an overuse of

antifungal therapy (this could cause increasing antifungal resistance,

healthcare-costs and toxic side effects from antifungal therapy on

patients).
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Pathogens of purulent-septic processes in newborns
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Introduction: Any infection in newborns has a tendency to gener-

alization. This is due to the imperfection of potential opportunities in

the formation of specific reactions of the immune system to the

antigen, the ability of the newborn to produce components of the

complement system is implemented incompletely, and the system of

local immunity is practically not developed. Not getting from mother

Ig M, the newborn is induced by low protection against gram-negative

bacteria. In newborns, the relative number of leukocytes and lym-

phocytes is reduced, their secretory activity and functional capacity of

other immunocompetent cells, resulting in the formation of immun-

odeficiency state of varying degrees, which promotes the

generalization of microbial infections.

Objectives: The aim of the work was to study the taxonomic com-

position of microbiota purulent-septic processes in newborns and the

establishment of microecological indicators of the ecosystem ‘‘host-

microbiome’’ in purulent-septic process, transformed into a general-

ized infection.

Methods: By bacteriological method there were isolated and identi-

fied from 87 samples of pathological material 168 strains of

conditionally pathogenic, gram-positive and gram-negative bacteria

belonging to 15 different taxonomic groups. All taxons belong to the

facultative anaerobic and aerobic bacteria.

Results: From six newborns there were isolated and identified

monocultures of Staphylococcus aureus. In other 81 (93.10%), the

associations of this taxon with other types of bacteria, as well as

Streptococcus anginosus, S. pyogenes and Pseudomonas aeruginosae

in associations with S. epidermidis, S. saprophyticus, E. faecalis,

enterobacteria (Enterobacter, Klebsiella, Morganella, Proteus), M.

lakunata and others. Among the isolated cultures of bacteria, 126

(75%) by Gram method were stained positively, and 42 (25.0%) were

negatively. By the microecological indicators—the index of con-

stancy, frequency of occurence, the Margaleff index of species

richness, the Whittaker species diversity, and the population level, the

leading causative agents of the septic process in newborns have been

identified. The main causative agent in 64 (73.56%) children was S.

aureus, in 7 (8.05%)—E. coli, in 5 (5.75%)—K. pneumoniae, in 4

(4.60%)—P. auruginosae, in 3 (3.45%)—S. anginosus, in 2

(2.30%)—S. pyogenes and in 2 (2.30%)—E. aerogenes.

Conclusions: The leading causative agents have a sensitivity of up to

23 antibiotics and to antiseptic agents (decamethoxin, myramistinum,

ethonium). The sensitivity of the isolates depended on the nature of

the antibacterial agent and the taxon. Low level of sensitivity is

established in P. aeruginosae, enterobacteria (E. coli, Klebsiella,

Enterobacter, Proteus, Marganella).
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Introduction: Around 30–40% of all spontaneous preterm births are

caused by preterm premature rupture of membranes (PPROM).

Overall, the risk-rate of developing an early-onset neonatal sepsis

after, PPROM, is no less than 14–22% [Hanke et al. 2015]. But the

established diagnostic tools are currently unable to provide a rapid

and accurate determination of the estimated risk for poor neonatal

outcome related to early-onset neonatal sepsis (EONS). First analyses

showed recently that the vaginal microbiota composition can predict

the high-risk subgroup of subsequent EONS after PPROM [Brown

et al. 2018]. So there is an unmet need to confirm this preliminary

data in daily clinical practice with the aim to identify this high-risk

group as early as possible.

Objectives: The hypotheses of the PEONS pilot trial are: A predic-

tive shift in the composition of the vaginal microbiota in our PPROM

cohort early and sensitively identifies the high-risk subsequent EONS.

Individual microorganisms colonizing pregnant woman with PPROM

are identified in the corresponding neonates on 1st day of life.

Methods: The prospective multicenter PEONS pilot trial enrolls full

age pregnant woman with PPROM event between 22 ? 0 and

34 ? 0 weeks of gestation (n = 65). Development of an EONS is

defined as primary endpoint (group 1: EONS criteria met n = 15,

group 2: EONS criteria not met n = 50). Sample collection includes

vaginal swabs, umbilical cord blood and neonatal pharyngeal and

rectal swabs as well as the meconium for microbiome analysis.

Microbiome analysis will be performed qualitatively and quantita-

tively by 16S rRNA sequencing and additionally metagenome

analysis by ‘Nanopore’ sequencing as proof-of-principle will be

realized.

Results: Recruitment process started effectively (June 2019: 22

mother-neonate pairs). Study design, an interim analysis of the study

data and first sequencing results will be reported. Up to date results

confirm the feasibility of the pilot trial.

Conclusions: The PEONS pilot trial investigates the vaginal micro-

biota composition in patients with PPROM with regard to the

development of an EONS. Based on preliminary results, the micro-

biota composition may predict an EONS and may correspond to the

fetal microbiota. How far microbiota composition may predicts an

EONS and corresponds to the fetal microbiota will be discussed on

the basis of preliminary results.
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Zöllkau J (1,3), Dawczynski K (2,3), Pastuschek J (1,3), Heimann Y.

(1,3), Kiehntopf M (3,4), Schnabel C (4), Bergner M (5), Haase R (6),

Stubert J (7), Olbertz DM (8), Schleußner E (1,3)

(1) Department of Obstetrics, Jena University Hospital, Germany, (2)

Section of Neonatology, Department of Pediatrics, Jena University

Hospital, Germany, (3) Center for Sepsis Control and Care (CSCC),

Jena University Hospital, Germany, (4) Department of Clinical

Chemistry and Laboratory Medicine, Jena University Hospital, Jena,

Germany, (5) University Clinic of Obstetrics and Prenatal Medicine,

Martin Luther University Halle-Wittenberg, Halle (Saale), Germany,

(6) Department of Neonatology and Pediatric Intensive Care, Clinic

for Child and Adolescent Medicine, University Hospital Halle

(Saale), Martin Luther University Halle-Wittenberg, Halle (Saale),

Germany, (7) Department of Gynecology and Obstetrics, Rostock

University Medical Center, Rostock, Germany, (8) Department of

Neonatology, Klinikum Südstadt, Rostock, Germany

Introduction: Around 30–40% of all spontaneous preterm births are

caused by preterm premature rupture of membranes (PPROM).

Overall, the risk-rate of developing an early-onset neonatal sepsis

after PPROM is no less than 14–22% [Hanke et al. 2015; Brown et al.

2018]. But the established diagnostic tools are currently unable to

provide a rapid and accurate determination of the estimated risk for

poor neonatal outcome related to EONS. Recently, C-Terminal

Alpha-1 Antitrypsin Peptide (CAAP48) as a cleavage product of

Alpha1-Antitrypsin due to bacterial proteolytic activity could be

identified as potential discriminatory sepsis biomarker (Blaurock et al.

2016). Up to now such discriminatory sepsis biomarker is not

established in the diagnosis of EONS.

Objectives: The hypotheses of the PEONS-CAAP48 project as nes-

ted co-study to the PEONS pilot trial are: 1. Is CAAP48 a putative

biomarker to assess EONS early in umbilical cord blood of neonates

born by pregnant women with PPROM? 2. Is the diagnostic perfor-

mance of CAAP48 superior to the established biomarkers as CRP, IL-

6, PCT or white blood cell count?

Methods: The prospective multicenter PEONS pilot trial enrolls full

age pregnant woman with PPROM event between 22 ? 0 and

34 ? 0 weeks of gestation (n = 65). Development of an EONS is

defined as primary endpoint (group 1: EONS criteria met n = 15,

group 2: EONS criteria not met n = 50). CAAP48 analysis is per-

formed in antepartum (maternal blood), peripartum (maternal blood,

umbilical cord blood) and postpartum (neonatal blood) serum samples

by mass spectrometry according to a proof-of-concept. This is to

perform a structured evaluation of CAAP48 as a potential �pathogen

derived� marker within the exceptional and well characterized cohort

of PPROM patients and their neonates.

Results: Recruitment process started effectively (June 2019: 22

mother-neonate pairs). Study design, an interim analysis of the study

data and first CAAP48-results will be reported.

Conclusions: In context of EONS development in neonates after

maternal PPROM, for the first time CAAP48 is discussed as a

potential early and sensitive diagnostic tool for the EONS-PPROM-

high risk group.
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Introduction: As most severe complication of infection, sepsis is a

leading cause of death in children. Gender differences in sepsis sus-

ceptibility and outcome related to hormonal and immunologic causes

were described in animal and adult studies, but gender-specific data

on infection and sepsis incidence and outcomes in different pediatric

age groups are scarce.

Objectives: To assess gender-related differences in incidence and

case fatality of hospital-treated infection and sepsis in different age

groups between 2010 and 2015 in Germany.

Methods: Patients B 19 years treated with infection and sepsis

between 2010 and 2015 were identified in a nation-wide database

(DRG statistics) based on ICD-10 coded primary and secondary

hospital discharge diagnoses. Sepsis was identified by 27 explicit

sepsis ICD-10-codes, severe sepsis by ICD-10 codes R65.1 and

R57.2. To identify infection-related hospitalizations, ICD-9 infection

codes were adapted from Angus et al. (Crit Care Med 2001) and

translated into ICD-10. We calculated population-based incidences

based on nationwide population data of the Federal Statistical Office

Germany for 2010–2015.

Results: Between 2010 and 2015, 2.76 million children with infec-

tious diseases were treated in German hospitals, of which 94.910 had

sepsis (including 12.083 severe sepsis cases). In children aged\ 1

year, the incidence rate of infection (per 100.00 population) was 27%

higher in males compared to females (15.764 vs. 12.417, Fig. 1). With

increasing age, infection incidences became comparable for both

sexes, except in the age group of 15–19 years, where the infection

incidence rate was 73% higher in females than in males (1.594 vs.

2.760). Case fatality rates were comparable for both sexes, except in

children aged 15–19 years where the rate in males (0.27%) was twice

as high than in females (0.12%). Incidence rates of sepsis and severe

sepsis were approx. 40% higher in male than in female children

1 year. Case fatality rates for sepsis were found to be higher in

females than in males in young infancy (4.35% vs. 3.69%), but

approximated and reversed late adolescence. Most pronounced dif-

ferences in severe sepsis case fatality were found in children

aged\ 1 year (males: 17.72% vs. females: 20.22%) and between 15

and 19 years (males: 16.99% vs. females: 11.36%).

Conclusions: Gender-specific infection and sepsis incidence and case

fatality rates differ between age groups. Trends observed in young

infants, such as an elevated sepsis incidence in males and an increased

sepsis mortality in females, disappeared or reversed in adolescence.

Further research is needed to understand these differences between

genders, in particular regarding predisposing comorbidities, under-

lying risk factors such as prematurity, and characteristics of hospital

treatment.

Acknowledgement: Source: RDC of the Federal Statistical Office

and Statistical Offices of the Länder, DRG-Statistik 2010–2015, own

calculations.
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Bakó Z 069

Ballez J 019, 096

Balzer F 083

Barth E 095

Bauer A 051

Bauer M 025, 028, 037, 048, 049, 061, 089,

090, 092, 097, 101, 103, 106, 107, 109

Beemelmanns C 089

Beloborodova N 022

Benecke J 028

Beretta M 090

Bergmann L 001

Bergner M 087, 088

Bilel Khorshani 016

Billaud JN 032

Birndt S 091

Biskup C 050

Bloos F 092, 106

Bocklitz T 067, 092

Bode C 102

Bodechtel U 051

Bodnaruk O 013

Bodner J 020

Bohm P 090

Born S 099

Borrmann M 027
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van Krüchten A 073

van Meurs M 035

Vannicola Sara 057

Vettorazzi S 032

Vogelmann T 086

Vollmer M 018, 098

Voloboyeva A 076, 077, 078

vom Werth K 073

von Knethen A 030, 062, 079

von Lilienfeld-Toal M 056

Vorderwülbecke G 083

Vylkova S 064

W
Wagner L 064

Walter L 018

Wand P 102

Ward R 081

Weber J 067

Wegmann R 108

Weigand MA 010, 011, 020, 023, 024, 027,

033, 034, 058, 063, 066, 074

Weigel C 040

Weigert A 079

Weis S 090, 097, 103, 107

Weiss M 095

Weiterer S 033, 034

Wełna M 031

Welte T 065, 100, 102

Wepler M 032

Westermann M 004, 089

Wetzker W 047, 059

Wickel J 060

Wiede A 067

Wiese S 095

Wilk H 024

Wilken-Schmitz A 030

Wissuwa B 075

S66 Abstracts

123



Wittig I 062

Witzenrath M 065, 107

X
Xin H 071

Y
Yakovychuk N 013

Z
Zakharchenko V 022

Zazula R 093, 094

Zeier M 074

Ziegler AC 040

Zimmermann S 023, 024
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