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Dear colleagues,  
 
In the past few years, major progress has been made in the development of Infectious 
Diseases as a scientific and clinical specialty in Germany. The joint efforts of DZIF and DGI 
have led to significant achievements in basic science, clinical research and education.  
 
The manifestations of Infectious Diseases and the associated challenges in Germany are 
constantly changing. International challenges such as epidemics that flare up quickly (e.g. 
Ebola), emerging infections (e.g. MERS, Zika), and questions relating to migrating 
populations have to be addressed. At the same time, the global spread of antibiotic 
resistance fuels the increase in drug resistance in German hospitals too.  
 
We cordially invite you to the Joint Annual Meeting of the DGI and DZIF in Hamburg. We 
have put together a programme that links science and patient care and thus will provide a 
superb overview of the specialty of Infectious Diseases in Germany.  
 
With the ”Akademie für Infektionsmedizin” and the „Junge DGI“, we specifically want to 
attract young colleagues to the conference and to this exciting field. Antimicrobial drug 
resistence will thus be a focus of the meeting and is the topic of the plenary lecture and the 
panel discussion.  
 
We look forward to welcoming you in Hamburg from 28 to 30 September 2017!  
 
__________________________________________________________________________ 
 
Sehr geehrte Damen und Herren,  
 
in den letzten Jahren wurden große Anstrengungen unternommen, das Fachgebiet der Infek- 
tiologie in Deutschland weiter zu entwickeln. In Forschung, Klinik und Ausbildung konnte viel 
erreicht werden. Die DGI und das DZIF haben hierzu wichtige Beiträge geleistet.  
 
Das Erscheinungsbild erregerbedingter Erkrankungen und die Herausforderungen für die 
Infektiologie in Deutschland wandeln sich ständig. Internationale Probleme wie rasch auf- 
flammende Epidemien (Ebola), neue Viren (MERS, Zika) und Fragen der Flüchtlingsmedizin 
müssen angegangen werden. Gleichzeitig nehmen Antibiotika-Resistenzen weltweit und in 
deutschen Kliniken weiter zu.  
 
Vor diesem Hintergrund laden wir Sie sehr herzlich zur gemeinsamen Jahrestagung der DGI 
und des DZIF nach Hamburg ein. Wir haben gemeinsam ein Programm geplant, das 
Wissenschaft und Klinik miteinander verknüpft und so einen sehr guten, aktuellen Eindruck 
der Infektiologie in Deutschland geben wird.  
 
Über die „Akademie für Infektionsmedizin“ und die „Junge DGI“ wollen wir auch den 
Nachwuchs direkt ansprechen. Die Entwicklung von Medikamentenresistenzen 
verschiedener Erreger wird bei der Tagung im Mittelpunkt stehen, was sich in der Auswahl 
des Plenarvortrags und der Podiumsdiskussion zeigt.  
 
Wir freuen uns, Sie vom 28. – 30. September 2017 in Hamburg begrüßen zu dürfen!  
 
Prof. Dr. Rika Draenert  
Prof. Dr. Rolf Horstmann  
Prof. Dr. Ansgar Lohse  
Prof. Dr. Bernd Salzberger  
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Toward Validating the Pathoblocker Concept: Lead Generation and Optimization of 
PqsR Antagonists for the Treatment of Chronic Pseudomonas aeruginosa Infections 
 
M. Empting, C. Lu, C.K. Maurer, M. Zender, A. Thomann, A.G. de Mello Martins, R.W. Hartmann 
Helmholtz-Institute f. Pharmaceutical Research Saarland (HIPS), Saarbrücken, Germany 
 
Pseudomonas aeruginosa (PA) can cause severe chronic lung infections in patients suffering from 
cystic fibrosis or bronchiectasis. This opportunistic, ubiquitous gram-negative bacterium is able to 
switch to the biofilm mode of life, which serves as a physical barrier to survive antibiotic treatment and 
host immune defense. In addition, PA develops high resistance towards antibiotics resulting in 
maintenance of chronic infections and high mortality of infected patients. The Pseudomonas 
Quinolone Signal (PQS) quorum sensing (QS) system is essential for bacterial virulence and biofilm 
formation rendering it a suitable drug target to block PA`s pathogenicity.[1]  
 
To this end, we aim at the design, synthesis, and optimization of QS inhibitors targeting the innate 
transcriptional regulator PqsR. A first compound series inspired by the natural PQS auto-inducer 
molecule HHQ showed activities in the nanomolar range.[2] Importantly, these QS inhibitors 
demonstrated promising effectivity in an acute infection model in Galleria mellonella larvea fully 
abolishing the pathogenicity of an otherwise lethal PA inoculum.  
 
In a study on another compound class, we could demonstrate that inhibitors PQS QS enhance the 
efficacy of antibiotic treatment in a biofilm setting.[3] Our QS inhibitors do not affect bacterial viability. 
Hence, only low rates of resistance development can be expected. Furthermore, the pathogen-specific 
appraoch offers the advantage to preserve the commensal microbiota.  
 
Currently, new structure-divergent compound series of PqsR antagonists derived from a fragment-
based approach are being optimized by means of structure-guided medicinal chemistry. These lead-
like entities demonstrate even more favorable properties compared with the first compound series and 
have been subjected to a two stage lead generation and optimization campaign. 
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ESBL-producing Escherichia coli in Ghana – Is there transmission between poultry 
and humans? 

 
C. Imirzalioglu1, B. Hogan2, 3, R. Krumkamp2, 3, L. Falgenhauer1, C. Danquah4, S. Poppert5, N. 
Sarpong4, E. Owusu-Dabo4, J. May2, 3, D. Eibach2 

1Institute for Medical Microbiology, Justus-Liebig-University Giessen, Giessen, Germany, 2Bernhard 
Nocht Institute for Tropical Medicine, Hamburg, Germany, 3German Centre for Infection Research 
(DZIF), Hamburg-Borstel-Lübeck, Germany, 4Kumasi Center for Collaborative Research in Tropical 
Medicine, Kumasi, Ghana, 5Institute of General Practice, University Medical Centre Hamburg-
Eppendorf, Hamburg, Germany 
 
Introduction: The increasing incidence of infections caused by extended spectrum beta lactamase 
(ESBL) producing Escherichia coli in sub-Saharan Africa is of serious concern. Studies from countries 
with a highly industrialized poultry industry suggested the poultry production-food-consumer chain as a 
potential transmission route. In Africa integrated studies at this human-animal interface are still 
missing. This study aims to compare genomes of ESBL-producing E.coli, colonizing the intestinal tract 
of humans and poultry in rural Ghana in order to assess potential transmission routes.  
 
Methods: During a six-months period, faecal samples from all children admitted to the Agogo hospital 
(Agogo, Ghana) and broilers at all eight poultry farms within the same community were collected. After 
screening on chromogenic ESBL agar, Whole Genome Sequencing (WGS) was performed on all 
ESBL isolates. All genomes were analysed using WGS-based Multilocus Sequence Typing (MLST), 
WGS-based ESBL genotyping and genome-wide SNP analysis.  
 
Results: Faecal swabs from 140 broilers and 82 children revealed 45 (32%) and 38 (46%) ESBL E.coli 
isolates, respectively, with prevalences on farms ranging between 0% and 88%. While human isolates 
were equally distributed among 22 different sequence types (ST), ST10 was most prevalent among 
broilers (n=30, 67%). CTX-M-15 was the predominant ESBL genotype among broilers (n=43, 96%) 
and humans (n=37, 97%). SNP analysis revealed three very closely related broiler/human isolate pairs 
(7% of ESBL isolates) with chromosomal and plasmid mediated resistance.  
 
Conclusion: The findings demonstrate high colonization rates with ESBL-producing E.coli in rural 
Ghana. Considering that animal and human samples are independent specimens from the same 
geographic location, the number of closely related ESBL strains circulating across these two 
reservoirs is substantial. Hence, poultry farms or meat products might be an important source for 
ESBL-producing bacteria in rural Ghana leading to difficult-to-treat infections in humans. 
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FungiScope™ – News on the Global Emerging Fungal Infection Registry 

 
D. Seidel1, L. Duran Graeff1, M. Vehreschild1, A. Meißner1, A. Meißner1, J. Salmanton Garcia1, P. 
Köhler1, H. Wisplinghoff2, J. Vehreschild1, O. Cornely1 

1Universitätsklinik Köln, Köln, Germany, 2Labor Wisplinghoff, Köln, Germany 
 
Background  
Numbers of rare invasive fungal diseases (IFD) are rising worldwide due to increasing patient 
population at risk. To broaden the knowledge on epidemiology of rare IFD and eventually improving 
diagnosis and clinical outcome, FungiScope™, a global registry for rare IFD, has been initiated.  
  
Methods  
FungiScope uses web-based data capture (www.clinicalsurveys.net). Eligible are cases with proven or 
probable infection [1] due to rare, non-endemic fungi. Data collected include demographics, underlying 
conditions, immunosuppressive medication, clinical presentation, diagnostics, antifungal therapy and 
outcome. Clinical isolates are collected for centralized identification, susceptibility testing and 
exchange between collaborators.  
  
Results  
To date, 559 valid cases of rare IFD are included in the registry: IFD due to Mucormycetes (n=241), 
Fusarium spp. (n=81), rare yeasts (n=76), dematiaceae (n=57), and Scedosporium spp. (n=34) are 
the most frequently reported. Cases were documented by collaborators from 36 countries and in 
additional 30 countries partners are screening for eligible cases. FungiScope is supported by central 
labs in India and the Czech Republic since 2003, in Russia since 2012 and in Spain since 2016. Of all 
cases that were included in the registry, 85% are valid for further analysis. Recently, FungiScope 
collaborators jointly published results on I) invasive mucormycosis in children analyzed together with 
cases from the registry study Zygomyco.net [2], II) disseminated fusariosis in 10 children [3], and III) 
invasive infections due to Saprochaete and Geotrichum spp. in 23 patients [4]. In the latter, antifungal 
susceptibility profiles of 14 clinical strains of rare yeasts were described. 
 
  
Conclusion  
The clinical relevance and by this the awareness of emerging IFD is increasing. FungiScope is a 
valuable resource used for collaborative studies on rare IFD. Operating and management of the 
registry requires considerable effort to ensure high data quality for comprehensive analyses, which 
provide insights into current clinical management of the diseases and thus, hold the potential to 
identify strategies for early diagnosis and effective treatment.  
  
  
[1] De Pauw, B. et al. Clinical infectious diseases : an official publication of the Infectious Diseases 
Society of America 46, 1813-1821, (2008).  
[2] Pana, Z. D. et al. BMC Infect Dis 16, 667, (2016).  
[3] Hassler, A. et al. The Pediatric infectious disease journal 36, 230-231, (2017).  
[4] Duran Graeff, L. et al. Mycoses 60, 273-279, (2017). 
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Trends bei übertragenen Resistenzen und zirkulierenden HIV-1 Subtypen - Ergebnisse 
der nationalen molekularen Surveillance in Deutschland 2013-2016 

 
A. Hauser, K. Hanke, A. Hofmann, K. Meixenberger, B. Altmann, V. Bremer, B. Bartmeyer, N. Bannert 
Robert Koch Institut, Berlin, Germany 
 
HINTERGRUND: Die kürzlich etablierte nationale molekulare Surveillance neu diagnostizierter HIV-
Infektionen liefert Informationen zu aktuell zirkulierenden Virusvarianten in Deutschland. In dieser 
Arbeit wurden HIV-Sequenzen von HIV-Neudiagnosen der Jahre 2013-2016 hinsichtlich aktueller 
Trends bei übertragenen Resistenzen und Subtypen analysiert.  
  
MATERIAL&METHODEN: Zusammen mit der nicht-namentlichen Meldung von HIV nach §7 Abs.3 
IfSG wurden Filterpapiere mit Restblut (Dried serum spot; DSS) von HIV-Neudiagnosen an das RKI 
gesendet (ca. 60% aller Neudiagnosen). Mithilfe eines `Recency Assays´ (BED-CEIA) wurden 
“kürzlich erworbene HIV-Infektionen” (<155 Tage) identifiziert und in der HIV-pol-Region genotypisiert. 
Mutationen in der Protease (PR), Reversen Transcriptase (RT) und der Integrase (INT) sind mit Hilfe 
des Stanford Vorhersage-Algorithmus bestimmt und entsprechend der WHO SDRM Liste für 
übertragene Resistenzen (PR und RT) sowie der IAS-USA Liste 2017 (INT) bewertet worden. Die 
Bestimmung der HIV-Subtypen erfolgte mit den online Subtyping-Tools `HIV-1 REGA´ und `COMET´.  
  
ERGEBNISSE: Zwischen 2013 und 2016 wurden 3.403/11.049 (30.1%) DSS als kürzlich erworbene 
HIV-Infektionen klassifiziert. Von 1.879 (55.2%) dieser Proben konnte die HIV-1 PR-RT-Region und 
von 839 (24.7%) zusätzlich die INT-Region sequenziert werden. Die Prävalenz der übertragenen 
Resistenzen betrug insgesamt 10,8%. Die Primärresistenzen betrafen zu 3,4% Nukleotidischen RT 
Inhibitoren (NRTI), zu 3,6% Nicht-NRTI, zu 2.8% Proteaseinhibitoren (PI) und zu 1.1% Dual/Multi-
Resistenzen. In der INT lagen zu 2,1% (18/839) resistenz-assoziierte `minor mutations´ (8x L74M und 
10x T97A) vor. Der häufigste HIV-1 Subtyp in Deutschland war Subtyp B mit 68,8% gefolgt von 
Subtyp A (7,8%) und Subtyp C (5,2%). Der Anteil der Deutschen mit diesen non-B Infektionen hat sich 
2015/2016 gegenüber 2013/2014 mehr als verdoppelt (A: 1.9% vs. 4.4% und C: 1.2% vs. 3.4%). 
Während sich Subtyp A überwiegend unter Männern, die Sex mit Männern haben verbreitete, fanden 
Subtyp C Infektionen gleichermaßen durch heterosexuelle und homosexuelle Kontakte sowie durch 
intravenösen Drogengebrauch statt.  
  
SCHLUSSFOLGERUNG: Unter den kürzlich erworbenen HIV-Infektionen der im Zeitraum 2013-2016 
gemeldeten Neudiagnosen ist die Prävalenz der übertragenen RT- und PI-Resistenzen weiterhin hoch 
mit 10,8%. Eine Resistenzanalyse vor Beginn der antiretroviralen Therapie ist deshalb weiterhin 
erforderlich. INT Primärresistenzen sind selten. Die gefundenen Mutationen verursachen lediglich eine 
minimale Reduktion in der Suszeptibilität der INT Inhibitoren. Dennoch sollte auch die 
Resistenzentwicklung in dieser Medikamentenklasse aufgrund ihrer hohen Bedeutung für `first-line´ 
Therapien unter intensiver Beobachtung bleiben. Unsere Daten zeigen weiterhin, dass die 
ursprünglich in Subsahara Afrika prävalenten HIV-Subtypen A und C sich in Deutschland etablieren 
und verbreiten. 
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A systematic analysis platform to elucidate the mechanism of action of novel 
antibiotics 

A. Klöckner1, 2, A. Müller1, I. Engels1, 2, T. Schneider1, 2 

1Pharmazeutische Mikrobiologie, Universität Bonn, Bonn, Germany, 2Deutsches Zentrum für 
Infektionsforschung, Köln/Bonn, Germany 
 
Novel antibiotics with unprecedented mechanisms of action are urgently needed to overcome rising 
resistance. The analysis of the mechanism of action (MoA) and the identification of the molecular 
target of an antibiotic is crucial for drug development. Without this detailed knowledge, rational drug 
design is strongly hampered.  
We built up a comprehensive MoA platform, combining whole cell screenings and a biochemical 
platform that allows rapid identification of antibiotic mechanisms and targets on all cellular levels. Initial 
screenings of compound- and extract-libraries in whole-cell based assays identify biologically active 
compounds and provide first indications of the metabolic pathway affected.  
For specific target pathway identification, selective bioreporters have been generated in Gram-
negative and Gram-positive pathogens using the luxABCDE reporter cassette. Here we present the 
recent target pathway analysis obtained from whole cell SMART screenings. Additionally, the MoA 
platform was further extended by novel biochemical test systems, cytotoxicity assays and 
fluorescence microscopy approaches. 
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Hepatitis C Virus Screening Project of Patients on current anti-HCV Therapy 

E. Knops1, P. Kalaghatgi2, E. Heger1, T. Lengauer2, V. Keitel3, T. Goeser4, T. von Hahn5, I. Peuser6, N. 
Qurishi7, N. Qurishi7, S. Scholten8, M. Däumer9, J. Schulze zur Wiesch10, A. Baumgarten11,  
M. Obermeier12, R. Kaiser1, N. Schübel13, S. Sierra1 

1Institute of Virology, University of Cologne, Cologne, Germany, 2Computational Biology and Applied 
Algorithmics, Max Planck Institute for Informatics, Saarbrücken, Germany, 3Düsseldorf University 
Hospital, Düsseldorf, Germany, 4Köln University Hospital, Köln, Germany, 5Medizinische Hochschule 
Hannover, Hannover, Germany, 6Märkische Radioonkologische Versorgungszentren GmbH, 
Lüdenscheid, Germany, 7Private Practice Gotenring, Köln, Germany, 8Private Practice 
Hohenstaufenring, Köln, Germany, 910Institut für Immunologie und Genetik, Kaiserslautern, Germany, 
10University of Hamburg-Eppendorf, Hamburg, Germany, 11Private Practice Driesener Strasse, Berlin, 
Germany, 12Medizinisches Infektiologiezentrum Berlin, Berlin, Germany, 13Infektiologisches Zentrum, 
Klinikum Osnabrück, Osnabrück, Germany 
 
INTRODUCTION: Clinical outcome of HCV therapy with direct acting antivirals (DAAs) depends on 
host and viral factors.  
 
OBJECTIVES: This observational, retrospective and non-interventional study (PEPSI) collects data of 
resistance-associated-mutations (RAMs) in the viral NS3/protease, NS5A and NS5B genes to predict 
clinical outcome using the geno2pheno[HCV] tool.  
 
MATERIALS AND METHODS: Baseline NS3/protease, NS5A and NS5B sequences were obtained. 
Subtyping and resistance against Asunaprevir (ASV), Boceprevir (BOC), Grazoprevir (GZV), 
Paritaprevir (PTV), Simeprevir (SMV), Telaprevir (TVR), Daclatasvir (DCV), Elbasvir (ELV), Ledipasvir 
(LDV), Ombitasvir (OBV), Dasabuvir (DSV) and Sofosbuvir (SOF) was determined by sequencing and 
subsequent interpretation with geno2pheno[HCV].  
 
RESULTS: 1295 HCV-infected patients have been enrolled until Nov 17th 2015. We could obtain 992 
NS5B sequences, which were used for genotyping: GT1a= 40.8%; GT1b=36.6%; GT1d=0.2%; 
GT2=2.8%; GT3=14.2; GT4=5.3%. Baseline NS3/protease-inhibitor susceptibility was determined 
from 446 baseline sequences and used for resistance prediction (Fig. 1). Resistance was found for 
ASV=3.0%; BOC=8.8%; GZV=0.6%; PTV=2.8%; SMV=23.2%; TVR=3.0%. For TVR, 20.9% of the 
samples were predicted as possibly resistant. NS5A-inhibitors susceptibility was analysed for 251 
sequences. The percentage of resistant samples was similar for all four drugs, 4.4%-6.0%. NS5B-
inhibitors susceptibility: The sequence sets used for the analysis of each drug varied, since the 
described RAM-patterns for each drug comprise different amino acid residues. While 10.8% of the 278 
sequences used for DSV screening were reported as resistant, none of the 742 samples screened for 
SOF were predicted as resistant.  
Baseline RAM analysis: The mutation NS3 80K was found in 20.0% of the samples. It led to the high 
proportion of samples resistant to SMV. Substitutions on additional four amino acid positions were 
found in ≥0.9% of the samples. In the NS5A, the most frequent amino acids exchanges were at 
positions 30 and 93. In the NS5B, the mutations 556GNR were found in 12.0% of the cases.  
CONCLUSIONS: We found a remarkable number of RAMs in baseline sequences. Baseline 
sequencing prior to the HCV therapy with DAAs could support personalized therapy decisions. 
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DZIF Lecture II  
 
Structure of Zika virus protease facilitates design of antivirals 
 
R. Hilgenfeld1, L. Zhang1, G. Hansen1, C. Nitsche2, C. Klein2, W. Rut3, M. Drag3, J. Lei1 

1Institute of Biochemistry & DZIF Site Hamburg - Lübeck - Borstel - Riems, University of Lübeck, 
Lübeck, Germany, 23Medicinal Chemistry, Institute of Pharmacy and Molecular Biotechnology, 
Heidelberg University, Heidelberg, Germany, 3Department of Bioorganic Chemistry, Wroclaw 
University of Technology, Wroclaw, Poland 
 
Like several other flaviviruses, Zika virus (ZIKV) causes rash, fever, and myalgia. More seriously, 
ZIKV infection is related to neurological disorders including Guillain-Barré syndrome [1] and 
microcephaly in fetuses and newborns [2]. In addition, mouse-model studies have shown that ZIKV 
can lead to testicular infection and epididymal damage, resulting in destruction of the seminiferous 
tubules and cell death [3,4]. Due to its essential role in processing the viral polyprotein, the ZIKV 
NS2B-NS3 protease (NS2B-NS3pro) is considered an attractive target for antiviral drug discovery. We 
have determined the crystal structure of ZIKV NS2B-NS3pro in complex with a capped-dipeptide 
boronate inhibitor (Ki = 42 ± 5 nM), thereby providing a basis for the design of new inhibitors [5]. 
Results with follow-up inhibitors [6,7] will be discussed, as will be the unusually fast kinetics of the 
enzyme's cleavage activity.  
  
References:  
[1] Fontanet A. et al., Lancet 387, 2600 (2016).  
[2] Rasmussen S.A. et al., N. Engl. J. Med. 374, 1981–1987 (2016).  
[3] Govero J. et al., Nature 540, 438-442 (2016).  
[4] Ma W. et al., Cell 167, 1511–1524 (2016).  
[5] Lei J. et al., Science 353, 503–505 (2016).  
[6] Nitsche C. et al., J. Med. Chem. 60, 511–516 (2017).  
[7] Rut W. et al., Antiviral Res. 139, 88–94 (2017). 
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The Hepatitis Delta International network (HDIN)- Clinical and virological 
characteristics of patients with hepatitis delta infection and treatment approaches in 
different regions world-wide 

A. Wranke1, L.M. Pinheiro Borzacov2, R. Parana3, C. Lobato4, S. Hamid5, E. Ceausu6, G.N. Dalekos7, 
M. Rizzetto8, A. Turcanu9, G.A. Niro10, P. Ingiliz11, T. Hayden12, F. Lubna5, M. Abbas13, M. Buti14, P. 
Ferenci15, T. Vanwolleghem16, N. Dashdorj17, A. Motoc6, Z. Abbas13, C. Yurdaydin18, M.P. Manns1, 19, 
H. Wedemeyer1, 19, S. Hardtke1, 19 
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Rondônia, Brazil, 3Hepatology Centre of the University Hospital Professor Edgar Santos, Federal 
University of Bahia, Bahia, Brazil, 4Hospital das Clínicas do Acre, Rio Branco, Brazil, 5Department of 
Hepatogastroenterology, Aga Khan University, Karachi, Pakistan, 6Infectious Diseases, Victor Babes 
Clinical Hospital for Infectious and Tropical Diseases, Bucharest, Romania, 7Department of Medicine 
and Research Laboratory of Internal Medicine, Medical School, University of Thessaly, Larissa, 
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Antwerp University Hospital, Edegem, Belgium, 17Onom Foundation, Ulaanbaatar, Mongolia, 18Medical 
Faculty, Ankara University, Ankara, Turkey, 19German Center for Infection Research, Partner site 
Hannover-Braunschweig, Hannover, Germany 
 
Background and Aims:  
Chronic delta hepatitis represents a major global health burden. The clinical and virological 
presentation of hepatitis delta patients varies largely between different regions and countries.  
The Hepatitis Delta International network (HDIN) was established with centers in Europe, Asia, North- 
and South America in 2011 2011 to realize a previously unmet research need as there was no 
international platform to systematically collect data from hepatitis delta patients. The primary aim of 
the HDIN registry is to collect information on antiviral therapy uptake to better define requirements and 
needs for alternative treatment approaches.  
 
Methods:  
The HDIN registry was developed by the HepNet Study-House of the German Liver Foundation in 
collaboration with researchers from Europe, Asia, North and South America and is funded by the 
German Center for Infection research DZIF. A structured eCRF specifically developed for hepatitis 
delta was implemented. Here, we report the clinical and virological characteristics of the first 1576 
patients with ongoing or past HDV infection included in the database until October 1st, 2016.  
 
Results:  
The majority of patients were male (n=979, 62%) and the mean age was 36.7 years (with 9% of 
patients younger than 20 and 18% older than 50). Most patients were HBeAg-negative (77%) and 
HDV-RNA positive (85%). Liver cirrhosis was reported in 38% and 13% of those had signs of previous 
or ongoing liver decompensation. Hepatocellular carcinoma (HCC) developed in 30 patients (2.5%) 
and 44 (3.6%) underwent liver transplantation. Moreover, the analysis showed the severity of hepatitis 
delta, indicated by low platelet counts (< 100 000/µl) in 23% of patients, high INR ( >1.2) in 23% of the 
patients. Patients were divided according to the country of birth into Eastern Mediterranean (EM; 
10%), Eastern Europe and Central Asia (EE; 43%), Central and Southern Europe (CE; 6%), South  
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Asian (SAS, 25%) and South America (SA; 12%).Liver-related complications were reported most 
frequently in South American patients (30%). South Asian patients had lowest albumin levels and 
patients born in central Europe were significantly older. Antiviral therapy was administered to 356 
patients with different treatment uptakes in different regions. Of these, 264 patients were treated with 
interferon-a and 92 were treated with HBV-Nucs only.  
  
Conclusions:  
The HDIN registry highlights that hepatitis delta still represents a severe and not uncommon health 
burden, which is distributed globally. .HDV-associated liver disease and patient characteristics show 
remarkable heterogeneity in different countries but our analysis confirms the particular severity of 
hepatitis delta. There is an urgent need for novel treatment options for HDV infection. 
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A phase 2a, randomized study of romidepsin with or without 3BNC117 to evaluate the 
effects on the HIV-1 reservoir (ROADMAP) 
 
M. Platten1, H. Grüll2, G. Kremer2, C. Lehmann2, F. Klein3, G. Fätkenheuer2 

1Medizinische Klinik I, Köln, Köln, Germany, 2Medizinische Klinik I, Köln, Germany, 3Institut für 
Virologie, Köln, Germany 
 
Despite effective combination antiretroviral therapy (ART), HIV-1 persists as latent infection. Upon 
treatment interruption, viremia rebounds to pre-treatment levels. The primary barrier preventing HIV-1 
eradication by ART is a pool of long-lived latently infected memory CD4+ T-cells harboring silent 
integrated proviral DNA capable of resuming HIV-1 expression upon activation. In the inactive state 
these cells cannot be recognized or eliminated by the immune system or ART. Latently HIV-1 infected 
cells can be induced to resume HIV-1 expression by latency reversing agents (LRAs), e.g. 
Romidepsin. This could expose infected cells to immune-mediated recognition and killing. 3BNC117 is 
a broadly neutralizing antibody (bNAb) against HIV-1 with potent activity against HIV-1 in humans. 
Unlike ART, bNAbs can engage the host immune system by virtue of their Fc effector domains and 
accelerate clearance of cell-free virus, induce antibody dependent cytotoxicity to kill infected cells, and 
produce immune complexes that activate dendritic cells.  
  
We are currently running a multi-center randomized interventional phase 2a trial of 3BNC117 and 
Romidepsin in HIV-1-infected patients on ART, together with Aarhus University (Denmark) and 
Rockefeller University (USA). Participants receive 2 treatment cycles each consisting of 3 romidepsin 
infusions (5mg/m2), +/- 2 treatment cycles of 1 3BNC117 infusion (30mg/kg). ART is discontinued 16 
weeks after start of the second treatment cycle (analytical treatment interruption, ATI) and subjects are 
monitored weekly for safety and viral rebound. The study outline is shown in Figure 1. We plan to 
enrol 30 subjects (15 per arm).  
  
The primary objective is to evaluate the effects of Romidepsin +/- 3BNC117 on delaying or preventing 
viral rebound in HIV-1-infected individuals during an analytical interruption. Secondary objectives are 
to evaluate the safety, the effects on the size of the replication competent HIV-1 reservoir and 
immunomodulatory effects.  
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Labyrinthopeptins exert broad-spectrum antiviral activity through lipid-binding-
mediated virolysis 

H.-P. Prochnow1, S. Blockus2, K. Rox1, S. Birudukota1, S. Franz2, L. Zegenhagen1, C. Goffinet2, A. 
Kröger1, D. Schols3, T. Pietschmann2, M. Brönstrup1, 4 

1Helmholtz Zentrum für Infektionsforschung, Braunschweig, Germany, 2Twincore, Hannover, 
Germany, 3Rega Institute, KU Leuven, Leuven, Belgium, 4Deutsches Zentrum für Infektionsforschung 
(DZIF), Hannover/Braunschweig, Germany 
 
The serious health threat posed by numerous known and novel viral pathogens necessitates 
additional therapeutic innovations. Therefore, this work is aimed at identifying agents that target a 
broad variety of viruses through a common mechanism. Studies with Labyrinthopeptins A1 and A2 
(LabyA1, LabyA2), the first congeners of a novel class of carbacyclic lanthipeptides, demonstrated 
their ability to inhibit the proliferation of enveloped viruses, including Dengue virus, Zika virus, West 
Nile virus, Hepatitis C virus, Chikungunya virus, human Cytomegalovirus, Karposi’s sarcoma-
associated herpes virus, Herpes Simplex virus and Human Immunodeficiency virus in the low or sub-
uM range. Mechanistic studies with 11 lipid classes, artificial liposomes and cellular systems revealed 
that Labyrinthopeptins act directly on the viral particles through binding to the membrane lipid 
phosphatidylethanolamine, thereby inducing a virolytic effect. LabyA1 exhibited favorable 
pharmacokinetic properties (e.g. t1/2 = 9.96 h ± 0.8 h) and demonstrated in vivo efficacy against 
DENV-infection in mice. Thus, LabyA1 represents a novel lead structure that may be applied against a 
broad spectrum of viral infections. 
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Wild birds - their underestimated role in the spreading of viral zoonotic pathogens 

U. Ziegler1, M. Eiden1, F. Michel1, R. Luehken2, M. Keller1, D. Cadar2, M. Sieg3, J. Schmidt-Chanasit2, 
M.H. Groschup1 

1Friedrich-Loeffler-Institute, Institute of Novel and Emerging Infectious Diseases, Greifswald-Insel 
Riems, Germany, 2Bernhard-Nocht-Institute for Tropical Medicine, WHO Collaborating Centre for 
Arbovirus and Hemorrhagic Fever Reference and Research, Hamburg, Germany, 3Institute of 
Virology, Faculty of Veterinary Medicine,, University of Leipzig, Leipzig, Germany 
 
Wild birds are reservoir hosts and vectors of endemic or re-emerging zoonotic pathogens and 
substantial part of their transmission cycles in Central Europe. Therefore, monitoring and 
pathogenesis studies in these animals provide an essential early warning system for the occurrence 
and exposure to zoonotic pathogens. Accordingly we have monitored migratory and resident birds by 
systematically setting up a unique German nation-wide wild bird surveillance network for zoonotic 
arthropod-borne virus infections. From 21 different collection sites distributed all over Germany, 
representing veterinary bird clinics, falconries and bird shelters, from which more than 1.900 blood 
samples from different wild birds belonging to 20 bird orders were collected between the years 2014 to 
2016. Diagnostic studies particularly focussed on zoonotic flaviviruses, like West Nile virus (WNV) and 
Usutu virus (USUV) and on alphavirus like Sindbis virus (SINV).  
  
WNV is a mosquito-borne viral pathogen of global importance. There have been WNV cases in 
humans and horses particularly in the south of Europe, which often were associated with the major 
flyways of migratory birds. Until now WNV was not detected in Germany, but an incursion is possible, 
because a spreading tendency of the virus northwards is already apparent and vectors and hosts are 
already in place.  
  
Moreover the epidemic spread of a close WNV relative, USUV, with low zoonotic potential, but high 
virulence for different avian species, was investigated in very much detail. USUV was introduced to 
Southern Europe approximately twenty years ago and has caused epizootics among wild and captive 
birds. USUV was first time detected in Germany in the year 2011 with massive die-off in Common 
blackbirds in the Upper Rhine Valley and circulating since then in different regions of the country.  
In 2016 a dramatic increase of the number of USUV positive birds could be detected. Belgium, 
France, Germany and the Netherlands reported widespread USUV activity based on dead and live 
bird surveillance. The spatial extent of the outbreak area corresponds with high values of the 
calculated basic reproduction number for USUV. NGS studies on all available USUV genomes 
revealed five distinct lineages, of which two putative novel lineages were most likely quite recently 
introduced. The co-circulation of these different USUV-lineages raises the concern that recombination 
events could occur and speed up the diversification of USUV.  
  
Moreover, an alphavirus (Sindbis virus), which is known to cause clinical symptoms such as arthritis, 
rash and fever in humans, was detected and isolated from a Common wood pigeon with suffering from 
neurological symptoms. This is the second time that SINV was found in a wild bird in Germany.  
  
Monitoring of wild birds as well as monitoring programmes for mosquitoes and other hosts should be 
continued to assess the human infection risk for zoonotic pathogens and supervise the further 
distribution in Germany. 
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High-content screening identifies agonists for retinoic acid receptor as specific 
HBV/HDV inhibitors 

 
L. Nussbaum1, F. Lempp1, 2, H. Wodrich3, S. Urban1, 2, Y. Ni1, 2 

1Dept. of Infectious Diseases, University Hospital Heidelberg, heidelberg, Germany, 2German Center 
for Infection Research (DZIF), partner site Heidelberg, Heidelberg, Germany, 3Laboratoire de 
Microbiologie Fondamentale et Pathogénicité, University of Bordeaux, Bordeaux, France 
 
The identification of sodium taurocholate co-transporting polypeptide (NTCP) as HBV/HDV receptor 
facilitated the study for HBV and HDV infection and drug interaction in vitro. Besides our observation 
that HepG2 cells expressing human NTCP (HepG2-NTCP) become susceptible to both HBV and 
HDV, further expression of HBV envelope proteins in this cell line (HepG2-NTCP-env) supports HDV 
progeny secretion and partial spread. Based on these cell lines, we performed a two-step, high 
content and 384-well based screening approach, implementing various read-outs (extracellular HBsAg 
and HBeAg, intracellular HBcAg and HDAg) in primary or progeny-infected cells. This screening 
strategy allowed us to differentiate the early replication and the late assembly events of both viruses.  
Using this screening strategy, a FDA approved drug library with 1181 compounds was evaluated for 
the activity on HBV or HDV replication. We found that acitretin significantly inhibited the release of 
infectious HDV from HepG2-hNTCP-env cells. Validation of acitretin in HepaRG-hNTCP cells and 
primary human hepatocytes revealed a highly increased activity of this compound. Interestingly, 
acitretin also inhibited HBV replication with an IC50 of 770 nM (based on secreted HBeAg). Acitretin is 
a second generation retinoid, a class of compounds related to vitamin A. The well-known function of 
retinoids is activation of retinoid acid receptors such as RAR or RXR. We therefore evaluated a series 
of known RAR/RXR agonist and antagonists with distinct specificities for RXA and RAR. All agonists 
displayed inhibitory activities against HBV. Surprisingly, the agonists all-trans retinoic acid, 9-cis 
retinoic acid, 13-cis retinoic acid and adapalene showed much higher activities than acitretin (IC50s 
<100 nM). The RAR-specific agonist, AM80, inhibited HBV replication even at picomolar 
concentrations when assessed on HepaRG-hNTCP cells. AM80 administered at day 7 post infection 
still inhibited HBV antigen secretion, indicating that it acts at a step post establishment of cccDNA. The 
inhibitory effect persisted for more than 12 days after removal of AM80, which hints to a mechanism of 
persistent inactivation of viral transcription.  
In summary, we present a feasible two-step screening platform for HBV and HDV drug discovery. The 
identification of RAR as a cellular target essentially involved in HBV replication and the availability of 
already approved oral RAR agonists allows a fast translation of these compounds for off-label use in 
efficacy trial in HBV patients. 
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NK cell-mediated recognition of HIV-1-infected cells – implication for immunotherapies  
M. Altfeld 

Heinrich Pette Institut Leibniz Institut für Experimentelle Virologie, Hamburg, Germany 
 
 
NK cells are the main effector cells of the innate immune system and play a critical role in the antiviral 
immune defense. Increasing data also demonstrate that NK cells play a role in the outcome of HIV-1 
infection. However, the precise mechanisms by which NK cells recognize virus-infected cells and 
mediate their antiviral activity are not understood. Over the past years we have developed novel 
approaches to study the molecular mechanisms by which NK cells can sense HIV-1-infected cells. In 
my presentation, I will present new data describing the receptor/ligand interactions that mediate 
antiviral activity of NK cells, and discuss their potential implication for immunotherapeutic approaches 
in HIV-1-infected individuals.  
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Inhibition of IL-27R-mediated signaling results in strategic positioning of 
multifunctional T cells in granulomas of Mycobacterium tuberculosis-infected mice 
that is mediated by IL-17A 

 
H. Erdmann, J. Behrends, K. Ritter, C. Hölscher 
Research Center Borstel, Borstel, Germany 
 
The IL-12 cytokine family member IL-27 has a broad inhibitory effect on Th1, Th2 and Th17 immune 
responses and supports Tr1 development. With regard to Mycobacterium tuberculosis (Mtb) infection, 
we have previously shown that mice lacking the IL-27 receptor (IL-27R) have lower bacterial burdens 
in comparison to wildtype mice that correlated with an enhanced granulomatous response. Because 
IL-27R-deficient mice exhibit significantly increased numbers of IL-17A-secreting Th17 cells in their 
lungs, we analyzed whether the increased protection in the absence of IL-27R is caused by an 
elevated IL-17A immune response. Therefore we compared the outcome of Mtb-infection in IL-27R-
deficient, IL-27R/IL-17A-double deficient and C57BL/6 wildtype mice. The lower bacterial loads seen 
in Mtb-infected IL-27R-deficient mice, were not present in IL-27R/IL-17A-double-deficent mice during 
infection suggesting that protection upon IL-27R-deficiency is mediated by IL-17A. Whereas IL-17A 
does not impact the development of Tr1 cells in IL-27R-deficient mice during infection, it significantly 
regulates the presence of multifunctional T-cells in the lungs, co-expressing IFN-gamma, IL-2 and 
TNF, presumably due to an IL-17A-induced chemokine production. Eventually, IL-17A supports the 
granulomatous response in lungs of Mtb-infected IL-27R-deficient mice. Taken together, we suggest 
that IL-17A contributes to protection in Mtb-infected IL-27R-deficient mice through a chemokine-
mediated recruitment and strategic positioning of multifunctional T cells in granulomas, which finally 
lead to an optimal macrophage activation and improved bacterial killing. Moreover, IL-27 prevents 
optimal antimycobacterial protection by the inhibition of protective IL-17A immune responses. Hence, 
the inhibition of IL-27R-mediated signaling may represent a strategy for host-directed therapy of 
tuberculosis. 
 



Symposium III: Immunotherapies and Vaccines 

 30 

 

ST 12 
 

Rational development of a protective P. vivax vaccine evaluated with transgenic 
rodent parasite challenge models 

 
A.M. Salman1, 2, E. Montoya-Diaz3, H. West1, A. Lall1, E. Atcheson1, E. Atcheson1, C. Lopez-
Camacho1, J. Ramesar2, K. Bauza1, K.A. Collins1, F. Brod1, F. Reis4, L. Pappas1, L. González-Cerón5, 
C.J. Janse2, A.V.S. Hill1, S.M. Khan2, A. Reyes-Sandoval1 

1The Jenner Institute, Oxford, United Kingdom, 2Leiden University Medical Center, Leiden, 
Netherlands, 3Paul-Ehrlich-Institut, Langen, Germany, 4Universidade Federal de Minas Gerais, Minas 
Gerais, Brazil, 5Instituto Nacional de Salud Pública, Tapachula, Chiapas, Mexico 
 
Development of a protective and broadly-acting vaccine against the most widely distributed human 
malaria parasite, Plasmodium vivax, will be a major step towards malaria elimination. However, a P. 
vivax vaccine has remained elusive by the scarcity of pre-clinical models to test protective efficacy and 
support further clinical trials. In this study, we report the development of a highly protective CSP-based 
P. vivax vaccine, a virus-like particle (VLP) known as Rv21, able to provide 100% sterile protection 
against a stringent sporozoite challenge in rodent models to malaria, where IgG2a antibodies were 
associated with protection in absence of detectable PvCSP-specific T cell responses. Additionally, we 
generated two novel transgenic rodent P. berghei parasite lines, where the P. berghei csp gene 
coding sequence has been replaced with either full-length P. vivax VK210 or the allelic VK247 csp that 
additionally express GFP-Luciferase. Efficacy of Rv21 surpassed viral-vectored vaccination using 
ChAd63 and MVA. We show for the first time that a chimeric VK210/247 antigen can elicit high-level 
cross-protection against parasites expressing either CSP allele, which provide accessible and 
affordable models suitable to support the development of P. vivax vaccines candidates. Rv21 is 
progressing to GMP production and has entered a path towards clinical evaluation. 
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A donor-matched humanized mouse model reveals a chief role of the antigen-
presenting cell-T cell interface on Ebola virus disease 

 
M. Rottstegge1, 2, 3, E. Rodriguez1, P. Ruibal1, 2, 3, L. Oestereich2, 3, E. Pallasch2, C. Muñoz-Fontela1, 2, 3 

1Heinrich-Pette Institut, Hamburg, Germany, 2Bernhard-Nocht Institut, Hamburg, Germany, 
3Deutsches Zentrum für Infektionsforschung, Hamburg, Germany 
 
Recent studies from our laboratory indicate that the infection dynamics and kinetics of antigen-
presenting cells (APCs) and the functionality of T cells are important components of Ebola virus 
disease pathophysiology. However, the study of this important aspect of the host immune responses 
is hindered by the difficulties to do human studies during outbreaks, as well as the oligoclonality of the 
T cell response observed in inbred mouse models. To overcome these issues we have generated a 
humanized mouse model based on transplantation of donor-matched peripheral blood APCs and T 
cells into HLA-transgenic NSG mice (NSGPBL-Dm).  
  
Here we describe the method to generate NSGPBL-Dm mice which involves sorting of  
CD14neg and CD14pos PBL fractions and serial adoptive transfer into recipient mice which led to high 
and consistent engraftment of up to 60% of mature APCs and T cells retaining the memory information 
of the donor in mouse secondary lymphoid tissues. Strikingly, transplantation of in vitro-infected 
human APCs and T cells was sufficient to render these mice highly susceptible to EBOV infection 
Mice showed high viremia, weight loss elevated serum aminotransferases, gastrointestinal bleeding 
and hematuria, and succumbed the disease between day 10 and 23 post infection depending on the 
donor.  
  
We speculate that this model, which is easy and fast to generate, will allow studies of the APC-T cell 
interface in a human-like environment and may serve to test putative post-exposure immune based 
therapies against EBOV infection. 
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MERS Vaccine development: Update on the Phase I First-in-human MVA-MERS-S trial 
 
T. Koch1, 2, C. Dahlke1, 2, M.L. Ly1, 2, S. Schmiedel1, A. Jambrecina3, A. Volz4, F. Stahl2, 5, S. 
Borregaard3, L. Kaltenberg3, A. Lohse1, G. Sutter2, 4, S. Becker6, M. Addo1, 2 

11st Department of Medicine, University Medical Center Hamburg-Eppendorf (UKE), Hamburg, 
Germany, 2German Center for Infection Research (DZIF), Standort Hamburg-Lübeck-Borstel-Reims, 
Germany, 3Clinical Trial Center North, Hamburg, Germany, 4German Centre for Infection Research 
(DZIF), Institute for Infectious Diseases and Zoonoses, LMU University of Munich, Munich, Germany, 
5Institute for Clinical Chemistry and Laboratory Medicine, University Medical Center Hamburg-
Eppendorf (UKE), Hamburg, Germany, 6Institute for Virology, Philipps University Marburg, Marburg, 
Germany 
 
In the aftermath of the dramatic and unprecedented Ebola outbreak in West-Africa 2013-2016, the 
WHO has initiated a Research and Development “Blueprint Initiative for action to prevent epidemics” 
and agreed on a list of emerging pathogens likely to cause severe outbreaks and for which no or 
limited medical countermeasures exiST  Middle East Respiratory Syndrome Coronavirus (MERS-
CoV), the causative agent of the Middle Eastern Respiratory Syndrome (MERS) is one of the eight 
priority organisms for which such preparedness efforts have been initiated.  
MERS is a potentially fatal disease under tight epidemiologic control by the WHO and currently without 
registered prevention or treatment option. The first case of MERS-CoV infection was identified in 
2012. To date, around 2,000 laboratory-confirmed cases of MERS-CoV have been registered by 
WHO, accounting for around 700 deaths in 27 affected countries, yielding a case-fatality rate of 30-
40%.  
The DZIF-funded open-label, single center Phase I clinical trial at the University Clinic in Hamburg 
aims to assess the safety, tolerability and immunogenicity of two ascending doses of the candidate 
vaccine MVA-MERS-S.  
Modified Vaccinia Virus Ankara (MVA) is a replication-deficient viral vector that holds great promise as 
a safe and efficacious vaccine platform. MVA expressing Middle East Respiratory Syndrome 
Coronavirus Spike protein (MVA-MERS-S) is an experimental vaccine which has shown induction of 
neutralizing antibodies against MERS-CoV and protection from disease in a range of animal models 
including mice and dromedary camels.  
Based on these promising results, the vaccine now proceeds to a Phase-I first-in-human study, 
starting in Summer 2017. It includes 24 healthy adults as participants who are allocated into two dose 
cohort groups (1 x 10^7 PFU and 1 x 10^8 PFU) of 12 subjects each, receiving two single vaccine 
injections i.m. 28 days apart.  
Here, we will update on first study results including safety, tolerability and preliminary humoral 
immunological data. We will give an overview of the current MERS vaccine pipeline and the ongoing 
MERS-vaccine study.  
This project is supported by the DZIF Product Development Unit and the DZIF Clinical Trial Unit. 
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Allogeneic Stem Cell Transplantation in HIV-1 infected Individuals The IciStem 
Consortium -The Role of Lymphocyte Populations 

 
J.M. Eberhard1, C. Körner2, M. Salgado3, B. Jensen4, M. Kwon5, J.L. Diez5, G. Hütter6, V. Rocha7, A. 
Sáez-Cirión8, M. Nijhuis9, J. Schulze zur Wiesch1, A. Wensing and9, J. Martinez-Picado3 

1University Medical Center Hamburg-Eppendorf, Hamburg, Germany, 2Heinrich-Pette Institute, 
Hamburg, Germany, 3AIDS Research Institute IrsiCaixa, Barcelona, Spain, 4University Hospital 
Düsseldorf, Düsseldorf, Germany, 5Hospital Gregorio Marañón, Madrid, Spain, 6Cellex, Dresden, 
Germany, 7Churchill Hospital, Oxford University, Oxford, United Kingdom, 8Pasteur Institute, Paris, 
France, 9University Medical Center Utrecht, Utrecht, Netherlands 
 
BACKGROUND:  
The primary aim of the Icistem Project is to guide clinicians involved in allogeneic HSCT procedures in 
HIV infected individuals on clinical procedures, ethical issues, donor search and CCR5Δ32 screening. 
The scientific aim is to understand the causes for the only successful intervention to cure HIV to date. 
This requires the identification of immunological mechanisms and predictors of the restriction or 
eradication of the HIV reservoir as well as the innate and adaptive responses before and after HSCT.  
METHODS:  
The study includes 28 HIV positive patients with hematological malignancies. 22 of these patients 
received an allogenic transplant. The treatment regimens prior to transplantation differ according to 
the preexisting condition of the patient and the availability of donors (8 x CCR5Δ32, 1 x heterozygous, 
13 x CCR5 WT donor).  
PBMC samples were collected longitudinally at baseline and multiple timepoints after HSCT and were 
analyzed via multicolor flow cytometry. The first panel focuses on the presence of possible reservoir 
CD4 T cell populations such as central, transitional and effector memory cells (defined by CD3, CD4, 
CD8, CD45RA, CD27, CCR7), Tregs (CD127, CD25) and their cytotoxic CD8+ counterpart. On these 
populations we measure the expression of HIV coreceptors (CCR5, CXCR4), the activation and 
proliferation capacity (CD38, HLA-DR and Ki-67) as well as the level of exhaustion (PD-1) and 
capacity to migrate to the gut (α4β7 integrin). In a second panel we focussed on unconventional T cell 
populations (γδT cells, MAIT cells, NKT cells) and NK cells that share the capacity for a quick immune 
response whithout prior clonal expansion.  
RESULTS : 
Seven patients passed the 12 months follow-up after HSCT and 10 patients have died after 
transplantation. Preliminary analysis shows a systematic reduction of HIV-1 reservoirs to very low 
levels post SCT. Three patients show no detectable virus in blood independent of CCR5 expression. 
Overall we found a significant reduction in the frequency of naïve CD4 and CD8 T cells after HSCT, an 
inverted CD4/ CD8 ratio, a loss of MAIT cells as well as an inverted ratio of Vδ2/Vδ1 cells in 
comparison to healthy controls. Preliminary results show a high immune activation of NK cells in one 
of the patients without detectable viral load. Further correlation to clinical data and the HIV reservoir 
size is ongoing, which will help to characterize “beneficial” anti viral immune responses.  
CONCLUSIONS:  
The immune composition and activation of the graft might contribute to the clearance of the viral 
reservoir independent of the CCR5 status of the donor. 
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An approach to develop a novel strategy for treatment of antibiotic resistant bacterial 
pathogens  
 
M. Schütz 
Institut für Medizinische Mikrobiologie und Hygiene,	Universitätsklinikum Tübingen, Tübingen, 
Germany 
 
 
New therapeutic options to treat infection with (multi-resistant) Gram negative bacteria are urgently 
needed. Major problems in treatment of infections caused by Gram-negative bacteria are e.g. high 
intrinsic antibiotic resistance due to the low permeability of the bacterial outer membrane, the great 
capacity of adaptation and the multiple acquired resistance mechanisms. All these factors contribute 
to the huge problems we face when we need to treat infections with e.g. multi-resistant strains of 
Pseudomonas aeruginosa (Pa). A current concept for the development of new treatment options for 
infections caused by Gram negatives is to block individual virulence factors crucial for establishing 
and/or maintaining infection. However, many bacteria such as Pa make it difficult to identify single 
virulence factors decisive for their pathogenicity. Here, it is more the complex interplay of multiple 
factors that shape the pathogen`s interaction with the host in order to make it a successful pathogen. 
We know that many proteins (such as adhesins, invasins, secretion systems, iron uptake systems) 
important for virulence, immune evasion mechanisms and also bacterial growth are embedded into to 
the OM. Moreover, the OM effectively excludes a number of antibiotics from entry. Consequently, we 
decided to attack Gram negative bacteria at the level of their outer membrane composition and 
integrity. Previously, we have addressed the question which factors belonging to the outer-membrane 
protein biogenesis machinery might be useful targets for the development of new therapeutics by 
using Yersinia enterocolitica as a model organism (Weirich et al. 2017). We found that the knockout of 
some components that are involved in shaping the OM does indeed generate phenotypes that are 
highly desirable with regards to antibiotic treatment and also host-supported clearance of bacterial 
infections. More recently, we have generated initial proof of concept that this strategy is auspicious to 
develop also new options to treat Pa infection. We found that interference with the OMP biogenesis 
machinery may lead to (I) induction of general membrane integrity defects resulting in increased 
susceptibility to detergents, bile salts, antibiotics and serum killing and (II) reduced insertion of critical 
virulence determinants into the OM (e.g. adhesins, iron uptake receptors, porins involved in AB 
resistance and nutrient uptake) resulting in reduced virulence, fitness and proliferation. We will pursue 
this strategy to identify targets, unravel the underlying mechanisms and actually already are in the 
business of developing screening assays and the active search for small molecule inhibitors in order 
to interfere with OM biogenesis of Gram negative bacteria to make the untreatable treatable again.  
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Metagenomic analysis of the efffect of intestinal colonization with Pseudomonas 
aeruginosa on the mouse microbiome 

 
F. Hölzl1, H. Hinkov1, M. El-Hadidi2, M. Willmann1, S. Peter1, K. Gronbach1, I. Autenrieth1, J.-S. Frick1 

1Institut für Medizinische Mikrobiologie und Hygiene, Eberhard Karls Universität, Tübingen, Germany, 
2Algorithms in Bioinformatics, Eberhard Karls Universität, Tübingen, Germany 
 
The gastrointestinal tract contains an extremely complex bacterial community capable of protecting its 
host from colonization or infection by pathogenic/opportunistic and highly resistant organisms. To 
better understand how the microbiota is affected by colonization with Pseudomonas aeruginosa and 
how to potentially enhance/restore colonization resistance, we established a C57BL/6 mouse model 
wherein PAO1 consistently colonizes the gut after oral exposure. We present the results of the 
subsequent metagenomic analysis based on Shotgun-WGS of stool samples collected before/during 
colonization and after fecal transplantation via oral gavage. Apart from taxonomic data, we also 
investigated for positive/negative correlation of microbiota with PAO1-load and for persistence of fecal 
transplants in the intervention group. 
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Distinct development of intestinal microbiota influenced by probiotics decreases risk 
of late onset sepsis in preterm infants 

 
J. Pagel1, 2, S. Graspeuntner1, J. Baines3, 4, S. Künzel4, D. Viemann5, N. Twisselmann2, A. Hartz2, E. 
Herting2, W. Göpel2, J. Rupp1, C. Härtel2, German Neonatal Network (GNN)2, German Center for 
Infection Research (DZIF)6 

1Klinik für Infektiologie und Mikrobiologie, Universitätsklinikum Schleswig-Holstein, Lübeck, Lübeck, 
Germany, 2Klinik für Kinder- und Jugendmedizin, Universitätsklinikum Schleswig-Holstein, Lübeck, 
Lübeck, Germany, 3Evolutionäre Genomik, Christian-Albrechts-Universität zu Kiel, Kiel, Germany, 
4Abteilung für Evolutionsgenetik, Max-Planck-Institut für Evolutionsbiologie, Plön, Germany, 5Klinik für 
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Kinder- und Jugendmedizin, Universitätsklinikum Schleswig Holstein, Lübeck, Lübeck, Germany 
 
Very-low-birth weight infants (VLBW; birth weight < 1500 g) are at high risk for sepsis due to extreme 
prematurity and long-term need for intensive care. Many episodes of late onset sepsis (LOS) are 
associated with gut derived organisms. Alterations in the development of normal gut microbiota might 
increase the risk of LOS via disruption of the mucosal barrier and translocation of luminal contents. 
However, it is yet unknown to what extent microbiota modulating agents such as probiotics or 
antibiotics impact on infection risk in VLBW infants. 
  
The study uses the infrastructure of the German Neonatal Network (GNN), which includes 54 study 
centers enrolling 2500 VLBW infants/year. We analyzed clinical data of infants who were 
prophylactically treated with probiotics (Infloran®, Lactobacillus acidophilus/Bifidobacterium infantis) 
as compared to non-treated infants. Moreover, we prospectively evaluated the impact of probiotics on 
gut microbiota establishment in infants with sepsis compared to age-matched controls. We analysed 
the microbiota structure in 900 stool samples from 300 VLBW infants in the first weeks of life using 
16S rRNA sequencing.  
  
Our epidemiological data revealed that probiotic administration in preterm infants has various 
advantages, such as a reduced risk for severe necrotizing enterocolitis (NEC) and combined outcome 
abdominal surgery and/or death, as well as an increased weight gain per day, a shorter duration of 
hospital stay and a trend for reduced blood-culture confirmed sepsis.  
In our microbiota analysis, we could show that probiotic administration has crucial impact on the 
microbiota development during the first weeks of life. The colonization in the gut of preterm infants 
with administered Bifidobacterium infantis correlates with improved outcome. Principle coordinates 
analysis of Bray–Curtis dissimilarity based on operational taxonomic units and taxonomic assignment 
showed several bacterial communities associated with increased sepsis rates. In addition, cases of 
LOS correlate with an increasing microbial alpha diversity over time.  
  
In conclusion, we could show that specific gut microbial community assembly and dynamics are 
associated with development of infection in VLBW infants. Moreover, probiotic administration had a 
favourable impact on outcome and significantly influenced microbiota structure. In future, our data can 
make a contribution to the development of therapeutic strategies that may allow promoting favourable 
gut microbiota patterns associated with improved outcome. 
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Lugdunin and beyond: Modulating human microbiomes to prevent endogenous 
opportunistic infections 

 
A. Zipperer1, 2, M. Konnerth3, C. Laux1, A. Berscheid1, N. Schilling3, C. Weidenmaier1, H. Brötz-
Oesterhelt1, 2, S. Grond3, A. Peschel1, 2, B.A. Krismer1, 2 

1Interfakultäres Institut für Mikrobiologie und Infektionsmedizin Tübingen, Universität Tübingen, 
Tübingen, Germany, 2Deutsches Zentrum für Infektionsforschung, Partner Site Tübingen, Tübingen, 
Germany, 3Institut für organische Chemie, Universität Tübingen, Tübingen, Germany 
 
The vast majority of systemic bacterial infections is caused by facultative, often antibiotic-resistant 
pathogens colonising human body surfaces. Pathogen eradication from the microbiomes of risk 
patients could help to reduce the numbers of opportunistic infections but currently available 
eradication regimes are often insufficient and available only for some pathogens. Nasal carriage of 
Staphylococcus aureus predisposes to invasive infection, but the mechanisms permitting or interfering 
with pathogen colonisation have remained largely unknown. Whereas soil microbes are known to 
compete by production of antibiotics, such processes have rarely been reported for human 
microbiomes. We showed that nasal Staphylococcus lugdunensis strains produce lugdunin, a novel 
thiazolidine-containing cyclic peptide antibiotic prohibiting colonisation by S. aureus, and a rare 
example of a non-ribosomally synthesized bioactive compound from human-associated bacteria. 
Lugdunin is bactericidal against major pathogens, effective in animal models, and not prone to 
resistance development. Importantly, human nasal colonisation by S. lugdunensis was associated with 
a significantly reduced S. aureus carriage rate suggesting that lugdunin or lugdunin-producing 
commensals could be valuable for preventing staphylococcal infections. Lugdunin was hardly 
inhibitory towards human cells and retained its antimicrobial activity in the presence of human serum. 
Comprehensive ADME assays are currently on the way to assess the drugability of lugdunin. We 
established a discovery pipeline for identification of further new antimicrobials from human 
microbiomes and our preliminary findings indicate that human microbiomes represents as a rich 
source for new antibimicrobial compounds. 
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Alpha-diversity and the presence of the bile acid inducible operon (baiCD) in patients 
undergoing oral fecal microbiota transplantations (FMT) by capsule 
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for Infection Research (DZIF), Partner site Hannover-Braunschweig, Hannover, Germany, 
4Department of Gastroenterology, Hepatology and Endocrinology, Hannover Medical School, 
Hannover, Germany, 5Institute for Medical Microbiology and Hospital Epidemiology, Hannover Medical 
School, Hannover, Germany, 6Institute for Medical Microbiology, Immunology and Hygiene, University 
of Cologne, Cologne, Germany 
 
Background: Fecal microbiota transplantation (FMT) is a highly effective treatment option for recurrent 
Clostridium difficile infection (rCDI). A successful FMT is usually accompanied by an increase in alpha 
diversity and reduced toxin production. Previous work showed that this reduction is mediated by the 
healthy gut microbiota which is able to transform primary into secondary bile acids. Secondary bile 
acids have been shown to inhibit spore germination and toxin production. A key component of 
secondary bile acid biosynthesis is a 7α-hydroxysteroid dehydrogenase enzyme which is encoded by 
a bile acid inducible operon (baiCD) of certain gut microbiota.  
Methods: Fecal swab and stool samples from patients undergoing a FMT by capsule at the University 
Hospital Cologne were collected at different time points (before, 1, 7, and 30 days after FMT). 
Genomic DNA was extracted using the FastDNA spin kit for soil and 16S rRNA amplicon sequencing 
of the V3-V4 regions was performed with a dual-index strategy on the MiSeq Illumina platform. The 
presence of the baiCD gene was determined by a species specific qPCR for C. scindens and C. 
hiranonis.  
Results: 14 patients, with 19 episodes of FMT by capsule, were included in the study. Overall, 47 
rectal swabs and 54 stool samples were collected. As expected, the alpha-diversity, i.e. Shannon 
index significantly increased after FMT (day 0: 2.47±0.72, day 1: 3.20±0.80, day 7: 3.56±0.73 and day 
30: 3.68±0.89). Furthermore, the alpha-diversity was significantly increased (2.79±0.82 vs 3.46±0.84, 
p<0.001) when the fecal samples were baiCD gene positive. Two patients, who experienced a 
recurrence within 30 days after FMT, had an Shannon index of 2.83±1.39 at day 1.  

 
Shannon index in the absence and presence of the bile acid inducible Operon (baiCD) 
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Conclusion: Our data shows that the presence of the bile acid inducible operon is associated with an 
increased alpha-diversity after encapsulized FMT. A low alpha-diversity and hence the absence of 
baiCD gene positivity may be an early predictor for a failed FMT. However, to study this hypothesis we 
need more samples from patients undergoing and failing FMT. 
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Enterohemorrhagic Escherichia coli (EHEC): A screening platform for factors 
influencing bacterial SOS-response and Shiga toxin expression 

 
M. Koeppel, J. Glaser, T. Baumgartner, S. Spriewald, B. Stecher 
Max von Pettenkofer-Institut, Ludwig-Maximilians-Universität, München, Germany 
 
Shiga toxin 2-producing E. coli stains can cause hemorrhagic diarrhea and hemolytic uremic 
syndrome (HUS) and thus are an important threat to human health. The Shiga toxin 2 (stx2) genes are 
encoded on lambdoid prophages and its expression depends on the activation of the prophage via the 
SOS response of the bacteria. DNA damage by UV radiation, reactive oxygen species or certain 
antibiotics can lead to activation of the late phage genes including stx2 and lysis genes.  
  
The aim of the work was to generate a medium-throughput system that enables screening activating 
and inhibitory factors for the regulation of the stx2 expression. To this end, we have constructed Shiga 
toxin 2-expression reporter strains of E. coli and Citrobacter rodentium. The reporters carry genes 
either for Gaussia luciferase (gluc) or gfp inserted into the stx2 locus, thereby rendering the EHEC 
strain BSL2.  
A screening system in a 96-well format was successfully established based on the detection of 
luciferase activity in supernatants after a 4-5h culture. The activation of the stx2 expression goes hand 
in hand with the activation of the phage induced lysis of the bacteria, therefore the luciferase proteins 
are released into the supernatant and no additional lysis step is required. The system was 
characterized using the known inducer Mitomycin C and found to be closely reflecting the Shiga toxin 
production measured by the Vero cell assay. The strong signal and high dynamic range (7 orders of 
magnitude) of the Gaussia luciferase provide good screening properties with an estimated Z-factor 
>0,8 and a signal/background >1000.  
The gfp-reporters then can be used to orthogonally validate the finding using a FACS-based assay. 
The screening system was applied to study the influence of different antibiotics, various host factors 
and finally culture supernatants of commensal bacteria.  
  
The data will be helpful for understanding the bacterial SOS-response and pathogenesis of EHEC 
infections. Potentially, a large scale screen using this system can lead to the development of novel 
treatment options of EHEC infections and other SOS-dependent pathogenic processes. 
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Perspectives on a One-Health approach from TTU HAARBI  
 
E. Tacconelli 
Division of Infectious Diseases, Department of Internal Medicine I, Tübingen University Hospital, 
Tübingen, Germany 

 
Translation research strategy in infectious diseases combines the results from basic research with 
patient-orientated research aiming to bridge the gap between laboratory findings and clinical infectious 
disease practice to improve management of healthcare associated infections. Despite the spread of 
antibiotic-resistant bacteria posing a significant threat to patients’ morbidity and mortality worldwide, 
there is no win-to-win strategy which demonstrated to be able to avoid the spread of these bacteria 
within a country. Even those countries able to avoid until now the spread of multidrug resistant gram-
positive bacteria as VRE and MRSA are facing today an increasing burden due to resistant gram-
negative strains. One of the reasons explaining the difficulty in containing the spread of these bacteria 
in healthcare and community settings is that interventions to reduce resistance rates cannot be limited 
any more to healthcare facilities but need to consider also animal, food and environment 
compartments as well. One of the first steps is the development of an interconnected and integrated 
One Health surveillance framework of resistance across these compartments. The projects running 
within TTU-HAARBI wants to increase the evidence that antibiotic resistance is a multi-faceted and 
cross-sectorial issue, affecting human, animal, food and environment with the final goal to join the 
One-Health approach with the translation one. This is possible thanks to the development of a network 
of clinicians, microbiologists, veterinarians, epidemiologists and experts in R&D receiving constantly 
updated data on the evolution of the resistance rate in Germany connected with clinical data and 
information on any change in the scenario of hospitalized population, in particular 
immunocompromised. The network provides the natural framework to develop new molecules for 
therapy and prophylaxis of antibiotic-resistant infections with clinical applicability. The strict 
collaboration between the TTU-HAARBI and major international stakeholders plays also a pivotal role 
in integrating the experience of different European experts in the projects. The talk will present the 
most important results of the group and the current initiatives in One Health from all over Europe.  
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The value of the RNA helicase helP as prognostic biomarker in patients with 
Pseudomonas aeruginosa bloodstream infection 

 
M. Willmann1, S. Göttig2, D. Bezdan3, B. Maček4, M. Marschal1, W. Vogel5, I. Flesch6, U. Markert7, A. 
Schmidt1, P. Kübler1, M. Haug1, I. Autenrieth1, S. Ossowski3, S. Schwarz1, S. Peter1 

1Institute of Medical Microbiology and Hygiene, University Tübingen, Tübingen, Germany, 2Institute for 
Medical Microbiology and Infection Control, Goethe-University Frankfurt, Frankfurt, Germany, 3Centre 
for Genomic Regulation, Universitat Pompeu Fabra, Barcelona, Spain, 4Proteome Center Tübingen, 
University Tübingen, Tübingen, Germany, 5Department of Hematology, Oncology, Immunology, 
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Introduction: The clinical utility of pathogen virulence factors that could be valuable prognostic 
biomarkers and potential therapeutic targets is only poorly investigated.  
  
Methods and Findings: In order to identify and experimentally confirm clinically relevant pathogen-
derived prognostic biomarkers, we applied a two-step screening-experimentation procedure on a 
multicenter cohort of patients with Pseudomonas aeruginosa bloodstream infection (n = 166). In the 
first step, we performed whole genome sequencing and quantitative proteomics on the entire P. 
aeruginosa strain collection (first blood culture isolate of a patient). We used a multi-level Cox 
regression analysis to determine the relation between patient characteristics and pathogen features 
with 30-day mortality. A total of 2298 accessory genes, 1078 core protein levels, and 107 parsimony-
informative variations in reported virulence factors from P. aeruginosa and the antibiotic susceptibility 
profiles were investigated as potential pathogen-related risk factors. Phylogenetic analysis of the core 
and accessory genome revealed several distinct clusters. One accessory genome cluster was linked 
to a poor outcome (hazard ratio 1.95, p = 0.048) and was functionally enriched for genes involved in 
peptidyl-histidine phosphorylation (false discovery rate < 0.05). Deep genomic exploration uncovered 
that the presence of one gene from P. aeruginosa - a putative DEAD-box RNA helicase that we 
named helP - was independently associated with a fatal outcome (HR 2.01, p = 0.05). Sequencing of 
five helP positive strains on a PacBio RS II instrument confidently localized helP on a pathogenicity 
island 1 related region in close proximity to a conjugative type IV pili system, suggesting that helP is 
potentially transferable to other strains or even species. This suspicion was substantiated by the fact 
that helP appeared in strains from phylogenetically distinct clusters. Besides helP, elevated protein 
levels of the bacterial flagellum protein FliL (HR 3.44, p < 0.001) and bacterioferritin (HR 1.74, p = 
0.003) increased the risk of death, while high protein levels of a putative aminotransferase were 
associated with an improved outcome (HR 0.12, p < 0.001). Of note, SNPs in reported P. aeruginosa 
virulence factors did not affect patient mortality. In a second step, we showed an about 3-fold virulence 
attenuation of a helP mutant in a Galleria mellonella infection model, augmenting the evidence from 
our step-1 analysis. Furthermore, the helP mutant had a reduced swarming motility (37.2 %, p < 
0.001), perhaps by affecting the closely located type IV pili system.  
  
Conclusions: Through our two-step approach, we identified and experimentally confirmed novel and 
clinically relevant virulence markers in P. aeruginosa. They represent pathogen-derived prognostic 
biomarker candidates of which primarily the helP genotype is suitable for usage in clinical routine due 
to its adequate predictive power and ease of measurement. 
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Carbapenem-resistant Gram-negative pathogens in a German University medical 
center: prevalence, clinical implications and the role of novel β-lactam/β-lactamase 
inhibitor combinations 

 
J. Katchanov1, L. Asar2, E.-M. Klupp2, A. Both2, C. Rothe3, C. König1, 4, H. Rohde2, S. Kluge1, F. 
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4Hospital Pharmacy, University Medical Center Hamburg-Eppendorf, Hamburg, Germany 
 
Objectives: To determine the spectrum of infections with multidrug-resistant Gram-negative bacteria 
(MDR-GNB) and the clinical impact of ceftolozane/tazobactam and ceftazidime/avibactam in a 
German academic tertiary care center.  
Methods: Retrospective analysis.  
Results: Between September 1, 2015 and August 31, 2016, 119 individual patients (0.22% of all 
hospital admissions) were colonized or infected with carbapenem-resistant MDR-GNB. The species 
distribution was Pseudomonas aeruginosa, n=64; Enterobacteriaceae spp., n=44; and Acinetobacter 
baumannii, n=18. In 9 patients, carbapenem-resistant isolates belonging to more than one species 
were detected. Infection was diagnosed in 50 patients (total: 42%; nosocomial pneumonia: n=23, 
19.3%; bloodstream infection: n=11, 9.2%). Antimicrobial treatment with broad-spectrum antibiotics 
prior to detection of a carbapenem-resistant isolate was documented in 105 patients (88.2%, prior 
administration of carbapenems: 62.2%). Nosocomial transmission was documented in 29 patients 
(24.8%). In 26 patients (21.8%), at least one carbapenem-susceptible, third-generation cephalosporin 
non-susceptible isolate was documented prior to detection of a carbapenem-resistant isolate 
belonging to the same species (median 38 days, IQR 23-78). 12 patients (10.1%) had documented 
previous contact to the health care system in a country with high burden of carbapenemase-producing 
strains. Genes encoding carbapenemases were detected in 60 patient isolates (50.4%; VIM-2, n=25; 
OXA-48, n=21; OXA-23-like, n=10). Ceftolozane/tazobactam and ceftazidime/avibactam were 
administered to 3 and 5 patients, respectively (in-hospital mortality: 66% and 100%). Development of 
drug-resistance under therapy was observed for both antimicrobials.  
Conclusions: i) The major predisposing factors for acquisition of carbapenem-resistant MDR-GNB 
were selective pressure due to preceding antimicrobial therapy and nosocomial transmission. ii) 
Colistin remains the backbone of antimicrobial chemotherapy for infections caused by carbapenem-
resistant MDR-GNB. iii) Novel β-lactam/β-lactamase inhibitor combinations are of limited usefulness in 
our setting because of the high prevalence of Ambler class B carbapenemases and the emergence of 
nonsusceptibility under therapy. 
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Molecular epidemiology of VRE blood culture isolates from a university hospital in 
Germany 
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Background:  
Vancomycin-resistant Enterococcus faecium (VREfm) has emerged as an important nosocomial 
pathogen worldwide because of its rapid spread, limited treatment options and high-level morbidity 
and mortality especially in intensive care and neutropenic patients. The aim of this study was to 
characterize the molecular epidemiology and virulence factors of VREfm from bacteremia cases from 
2006 to 2015 in a single institution.  
  
Materials and Methods:  
A total of 25 VREfm form our institution and 5 VREfm from regional hospitals were available for further 
analysis to determine the genetic relatedness using PFGE, MLST, MLVA, rep-PCR (DiversiLab) and 
WGS; the presence of both vancomycin resistance genes vanA and vanB as well as virulence factors 
such as enterococcal surface protein (esp), hyaluronidase (hyl), and collagen adhesion (acm).  
  
Results:  
MLST revealed 13 different sequences types (mainly ST17, ST18 and ST78), all belonging to clonal 
complex 17. In addition, 8 different MLVA types (mainly 159 and 12) were identified. WGS analysis 
defined at least 5 different main clusters. Analysis with PFGE demonstrated 7 subgroups (only two 
strains with identical patterns). The results with rep-PCR (DiversiLab) do only partially fit to the 
previous results. The vanA gene was present in 7/30 and the vanB gene in 23/30 isolates. The 
distribution of the esp, hyl, and acm genes showed 25 esp-positive (15 with 4 esp repeats), 22 
hylpositive and 30 acm-positive isolates.  
  
Conclusion:  
In sum our broad analysis of the genetic relatedness by different typing methods revealed that our 
VREfm bacteremia isolates belong to different epidemiological MLSTypes with different virulence 
subsets. Interestingly, MLST and WGS showed the highest level of concordance. 
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Plasmid content of MDR Klebsiella pneumoniae clinical isolates as part of the 
CONTAIN study 
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Background: The objective of this study was to characterize the plasmid content of three multi-drug 
resistant (MDR) Klebsiella pneumoniae (Kp) isolates recovered from a Hospital in Germany as part of 
the DZIF CONTAIN study.  
  
Material/methods: In total three unique isolates from a larger collection of strains isolated from rectal 
surveillance from 3 patients were analyzed. Antimicrobial susceptibility testing was performed with 
VITEK and Etest. Total DNA was purified by MagAttract HMW DNA Kit and libraries were obtained by 
Nextera XT libraries prep kit for a 250bp paired-end sequencing run, performed on MiSeq. Velvet and 
SPAdes were used for de novo assembly. The molecular epidemiology was analyzed using an ad-hoc 
cgMLST scheme using the Ridom SeqSphere+ v.3.0 software. In silico detection of resistance genes 
and plasmids was performed using ResFinder and PlasmidFinder. Plasmid assembly was completed 
by PCR-based gap closure. Plasmid DNA was prepared using the PureYield Plasmid Midiprep System 
and used to transform One Shot MAX Efficiency DH5α-T1R Competent Cells in order to segregate the 
plasmids. Whole genome sequencing (WGS) was performed also for the obtained transformants.  
  
Results: Antimicrobial susceptibility testing revealed that the Kp isolates were MDR, including 
resistance to carbapenems, fluoroquinolones and tigecycline. By WGS the isolates were classified as 
multi-locus sequence type (ST) 147 and according to cgMLST analysis the Kp isolates were identical 
with one allele difference and were found to carry four identical plasmids. Detailed analysis revealed 
that the OXA-181 was located on a 6.1 Kb ColE-type plasmid, encoding the classical Mob proteins 
involved in plasmid mobilization. In addition, an IncR plasmid was identified carrying the beta-
lactamases CTX-M-15, OXA-1, TEM-1B, and other resistance genes like aac(6')Ib-cr, strA, strB, 
qnrS1, catB3, sul1, dfrA1, and tet(A). Two additional plasmids were present: a 1.5 Kb Col-like plasmid 
and an IncFIB plasmid not harboring any resistance gene. The IncFIB plasmid was previously 
identified in an independent NDM-1-positive ST147 Kp isolate from Singapore.  
  
Conclusions: The present study describes a complex variety of plasmids within three clonal ST147 
Kp isolates, harboring the emerging blaOXA-181 carbapenemase and a complex array of resistance 
determinants on two different plasmids. The ST147 isolates acquired the blaOXA-181 on a mobilizable 
small plasmid that did not carry other resistance genes. In addition, they harbored an IncR plasmid 
encoding 11 resistance genes leading to an MDR phenotype. These isolates were recovered from 
hematological/oncological patients hospitalized in the same hospital in Germany but similar isolates 
were previously identified in other countries. These isolates are most likely representing an emerging 
Kp clone. 
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Emergence of a highly promiscuous IncN-Plasmid encoding Carbapenemase KPC-2 in 
a unique genetic environment 
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Enterobacteriaceae encoding the Klebsiella pneumoniae Carbapenemase (blaKPC)-2 are causing 
nosocomial outbreaks worldwide. These outbreaks are typically restricted to a certain healthcare 
setting and geographic region and generally subside after a certain period of time. Current 
subgenomic techniques are inadequate for tracing highly dynamic mobile genetic elements e.g. 
plasmids.  
Recently, an outbreak of Carbapenem-resistant Klebsiella pneumoniae occurred in Southern-Hesse 
affecting 132 patients within a time period of 12 months. This outbreak started with the detection of 
Citrobacter freundii but rapidly spread to 8 other Enterobacteriaceae species (C. amalonaticus, C. 
brakii, C. koseri, Klebsiella oxytoca, K. pneumoniae, Escherichia coli, Enterobacter aerogenes and E. 
cloacae). WGS analysis revealed that the spread was mediated by an IncN plasmid harboring KPC-2 
in a unique genetic environment. Another KPC-2 positive isolate was found later in a homeless, HIV-
positive female patient with no contact or presence within the outbreak region. Routine screening 
revealed oral and intestinal colonization with a Carbapenem-resistant Raoultella ornithinolytica isolate 
harboring an IncN blaKPC-2 plasmid that was identical to the one present in the Southern Hessian 
outbreak. Six additional isolates (E. coli, K. pneumoniae and K. oxytoca) obtained through the German 
National Reference Laboratory for multidrug-resistant gram-negative bacteria from Hamburg, Berlin 
and Brandenburg were additionally identified, sequenced and analyzed. In all isolates, the outbreak-
causing IncN-plasmid was identified, thus proving a clonal distribution of this KPC-2 carrying plasmid 
in different locations in Germany.  
These findings point to an emerging and possibly epidemic plasmid carrying KPC-2 that can transmit 
to carbapenem- and multi-drug- resistance to a wide range of Gram-negative bacteria. A specific PCR 
has been developed to careful monitor for presence of plasmids harbouring KPC-2 in this unique 
genetic environment. 



Symposium VI: Drug Resistance and Control of Tuberculosis and Parasitic Infections 
 

 47 

 

Symposium VI: Drug Resistance and Control of Tuberculosis and Parasitic 
Infections 
 

DZIF Lecture VI 
 
Preclinical development of the novel antibiotic Corallopyronin A for filariasis and 
bacterial infections 

 
A. Hoerauf1, A. Schiefer1, A. Krome2, S. Bouhired3, S. Kehraus3, K. Wagner2, M. Stadler4, R. Jansen4, 
M. Roth5, R. Müller6, T. Schäberle3, G. König3, K. Pfarr1 

1Institute for Medical Microbiology, Immunology and Parasitology, University Hospital Bonn, Bonn, 
Germany, 2Pharmaceutical Technology, University of Bonn, Bonn, Germany, 3Institute for 
Pharmaceutical Biology, University of Bonn, Bonn, Germany, 4Department Microbial Agents, 
Helmholtz Centre for Infection Research, Braunschweig, Germany, 5Leibniz Institute for Natural 
Product Research and Infection Biology, Hans-Knöll-Institute, Jena, Germany, 6Department Microbial 
Natural Products, DepartmenHelmholtz Institute for Pharmaceutical Research Saarland, Saarbrücken, 
Germany 
 
Novel drugs are needed to eliminate poverty related diseases like lymphatic filariasis and 
onchocerciasis. Drugs that kill microfilariae must be administered >10 years, the reproductive life-time 
of adult worms. Despite reductions in infected populations, >100 Mio people are infected. To meet 
London Declaration 2012 goals to eliminate these infections within a decade, the WHO recommends 
developing and implementing macrofilaricides. Depleting the essential Wolbachia endobacteria of 
filarial nematodes with antibiotics is macrofilaricidal. Corallopyronin A (CorA) from Corallococcus 
coralloides inhibits bacterial DNA dependent RNA polymerase (RNAP), depleting Wolbachia >10-fold 
better than the doxycycline benchmark. This allows shorter treatment times in animal filarial infections, 
a prerequisite to implement this therapeutic principle. Having demonstrated superiority of CorA over 
current macrofilaricides, the next steps are improving production and preclinical development. We 
have conducted non-GLP ADME and in vitro toxicity studies with technical grade CorA showing that 
CorA: has similar oral and intraperitoneal bioavailability, is non-toxic in vitro and in vivo, and does not 
inhibit host cell proliferation. CorA does not alter the expression CYP450s and CYP450 3A4 activity is 
minimally induced, minimizing drug-drug interactions seen with rifampicin, which also inhibits RNAP. 
CorA is lipophilic and is more stable in a fed state compared to a fasted state. Collaborating with the 
HKI, we developed CorA production from laboratory- to large-scale (220 L) fermentation. However, 
production needs improvement and up-scaling to achieve cost-effective, high purity production at an 
industrial-scale. We are following two methods to increase the economical production of CorA. 1) In 
cooperation with Acies Bio, Slovenia, strain optimisation by classical mutagenesis of the current 
heterogeneous strain to select a high yield producer. 2) Our partners from the HZI are developing 
heterologous expression of the CorA biosynthetic gene cluster in Myxococcus xanthus. After 12 
months the most promising route will be continued. In addition, the consortium is developing a more 
efficient downstream processing protocol to yield CorA at >95% purity. The purity of CorA is being 
guided by quantitative NMR and HPLC that will also be used for pre-clinical studies, e.g. identification 
of isomers and metabolites. Highly pure CorA (95%-98%) has been achieved by multiple purification 
rounds and has demonstrated that CorA of high purity will lower our current minimal effective dose in 
vivo. The final production protocol will provide CorA at >95% purity for final non-GLP pre-clinical 
studies, Ames, hERG and non-GLP toxicity tests in 2018. We will engage with BfArM in 2018 for 
advice on CorA specification for GMP production by a CMO. With this material GLP-tox studies will be 
performed in 2019 and, with continued advice from BfArM, phase 1 trials will be planned for 2020. 
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Emergence of drug resistant TB in Europe   

	
C. Lange 

Forschungszentrum Borstel, Borstel, Germany 
 
Despite the goal of the World Health Organization (WHO) to reduce the incidence rate of tuberculosis 
(TB) by >95% by the year 2035, numbers of patients with TB have globally increased from 8.8 million 
cases in the year 2010 to 10.4 million cases in 2015. Numbers of TB patients have not only increased 
in high-burden countries but also in Germany (recently by >30%), a low incidence country of TB, as a 
result of immigration. While approximately 80% of patients with drug-susceptible TB can be 
successfully treated, TB control is currently challenged by the emergence of drug-resistant strains of 
Mycobacterium tuberculosis.  
 
Multidrug-resistant (MDR)-TB has been defined by bacillary resistance against isoniazid and 
rifampicin, whereas extensively drug-resistant (XDR)-TB has been defined by MDR-TB plus bacillary 
resistance against at least one of the second line injectable drugs (amikacin, capreomycin and 
kanamycin) plus one of the fluoroquinolones.  Numbers of patients identified with M/XDR-TB have 
dramatically increased by >20% annually during the past 5 years. The region with the largest number 
of identified patients is the WHO-region Europe where in some countries, like Belarus or Moldova, 
>40% of all patients who develop TB have M/XDR-TB. While numbers of M/XDR-TB are low in EU 
membership states, the EU-neighboring countries Belarus, Moldova, Russia and Ukraine have the 
highest burden of M/XDR-TB in the region. For example: The WHO estimates that in 2015 12,000 
people were living with M/XDR-TB in the Ukraine (population of 43 million), while only 125 patients 
were identified in Germany (population of 82 million).  
 
For the majority of affected patients with M/XDR-TB in Europe, a combination regimen of at least 4 
active second-line drugs is recommended for a period of at least 20 months. However, the optimal 
treatment duration to achieve relapse-free cure for individual patients is unknown. M/XDR-TB 
treatment frequently causes therapy interruptions or alterations due to adverse events. While the costs 
for the drugs for a full treatment course against drug-susceptible TB are around 335 Euros, drugs 
against MDR-TB cost 23,000 Euros and against XDR-TB 93,000 Euros on average in Europe. Despite 
enormous investments, only half of the patients treated against M/XDR-TB achieve “treatment 
success”, defined by the WHO as “cure” or “treatment completion” in the absence of “failure”.  
 
Much higher relapse-free cure rates from M/XDR-TB can be achieved with novel drugs and precision 
medicine available at selected centers in Western Europe. The current “honeymoon”-phase of M/XDR-
TB treatment success may only last until strains of M. tuberculosis resistant against novel drugs will 
start to spread in the communities. To minimize the development of further TB drug resistance, rapid 
state-of-the-art diagnostics and individual, “tailor-made” treatment regimens must also become 
available in those European countries where they are most needed. 
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Variants on the chromosome 1p31 protect from latent tuberculosis infection 
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Understanding the mechanisms causing latent tuberculosis infection (LTBI) is crucial for developing 
strategies to control and prevent future tuberculosis. The diagnosis of LTBI relies essentially on results 
of two widely applied immunological test systems, the tuberculin skin test (TST), and the interferon 
gamma release assay (IGRA). Both tests do not detect M. tuberculosis (MTB) directly, but measure 
the antimycobacterial T-cell response to a variety of bacterial antigens. A negative LTBI result 
observed in healthy exposed individuals indicates a lack of T cell response and is considered as a 
state of innate resistance to the pathogen. The identification of factors promoting such a resistance 
state is essential to gain relevant insights in the poorly understood TB immunology. Whether a test 
result becomes negative or positive depends largely on the host genetic makeup, documented by 
several family based studies yielding heritability estimates for the TST test of about 71% and for the 
IGRA between 20 - 40%. In order to identify LTBI risk variants we have performed the first genome-
wide association study (GWAS) testing 2916 healthy exposed Ghanaian individuals and 592 
individuals from Germany. Participants tested for LTBI belonged to TB case-control study groups, and 
only exposed healthy controls were enrolled for the present study. When evaluating more than 
3,590,764 genetic variants in a combined analysis the strongest signal was identified with a decreased 
risk for LTBI (OR 0.57, P-value 2.1x10-8) on chromosome 1p31. Functional analyses show that the 
protective genotype of the variant is associated with lower levels of an immunologically relevant 
chemokine assuming that an attenuated adaptive immune response might play a substantial role in 
LTBI resistance. 
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Biomarkers to diagnose children with malaria in a Plasmodium falciparum endemic 
region 
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Medicine, Hamburg, Germany, 3Kumasi Center for Collaborative Research in Tropical Medicine, 
Kumsai, Ghana, 4Kwame Nkrumah University of Science and Technology, Kumsai, Ghana 
 
Diagnosing malaria is challenged by its unspecific disease symptoms and by the limited laboratory 
capacity to detect alternative causes of febrile illness in resource poor settings. In malaria endemic 
regions asymptomatic parasitaemia is common, which further impedes diagnosis in patients with 
another concomitant infectious disease. A better understanding of biomarkers in healthy and P. 
falciparum infected children could guide the development of innovative Point-of-Care tests. 
  
In order to investigate autoantibody profiles in malaria patients we carried out a protein microarray 
(TermoFisher’s ProtoArray®) spotted with 9,345 autoantigens using serum samples of 45 children (35 
with malaria and ten healthy controls, all aged ≤ 5 years). The resulting high dimensional data was 
cleaned and normalised applying a number of sequential data pre-processing steps. Biomarkers, 
which differed between both groups, were identified using the following four differential analyses 
methods: group’s median ratio, Wilcoxon rank-sum test, value count above comparison group’s 
maximum, and minimum M statistics. Biomarker candidates had to pass at least two significant 
differential tests to be deemed relevant for further investigation and were then included into the cluster 
analysis (Principal Component Analysis [PCA]).  
In total, 147 biomarkers showed differences in expression levels between children with malaria and 
healthy controls. For 77 (52%) biomarkers a higher median was observed in children with malaria. 
Overall, higher median values were observed in markers favouring malaria. PCA subsumed 44% of 
the total variance to the first principal component, which alone was able to separate 9 of the 10 
controls from all malaria cases. Considering further principal components did not facilitate complete 
group separation. Parasite density in malaria patients did not cluster in the PCA.  
Our results present an interesting new angle in the field of malaria diagnostics. Selected biomarkers 
have substantial co-variance, which could nearly separate malaria patients from healthy controls. 
Interestingly, half of the markers have higher expressions in the group of healthy children, hence they 
are decreased in malaria patients. So far, standards for the statistical analysis of high-dimensional 
protein microarray data are not fully developed. A better understanding of the analytical steps needed 
would enable to generate reproducible and robust study results. 
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Haematological recovery in African children after treatment with parenteral artesunate 
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Background: Parenteral artesunate is currently the treatment of choice for severe malaria. Since its 
introduction delayed haemolysis has surfaced as a potential adverse event following treatment with 
artesunate. In the current analysis, we wanted to assess the overall haematological recovery in 
African children treated with artesunate.  
Methods: We conducted a secondary analysis of data from two studies. The first recruitment period 
was in 2012 in Kumasi, Ghana, and Lambaréné, Gabon in the context of the SMAC-Artesunate 
Follow-up trial. The second recruitment period was in 2015 in Pramso, and Kumasi, Ghana in the 
context of a prospective, observational study on pitting of infected erythrocytes. Children aged 6 
months to 10 years treated with parenteral artesunate were included and followed-up for four weeks. 
The primary endpoint was frequency of anaemia (Hb<10 mg/dl) on day 14.  
Results: A total of 161 children were included in the analysis, of whom 105 (65%) were anaemic at the 
start of treatment. Of 137 children with sufficient data, 72 (53%) were anaemic on day 14, while on day 
28 only 26 out of 110 (24%) were still anaemic. Only 6 children – all with hyperparasitaemia - 
developed delayed haemolysis. All other children had steadily increasing haemoglobin values after the 
end of treatment. Risk factors for remaining anaemic on day 14 were pre-existing anaemia at the start 
of treatment (OR 7.04 [2.41-20.54]) and hyperparasitaemia (OR 5.97 [1.17-30.41]), while only 
anaemia at the start of treatment predicted persisting anaemia on day 28 (OR 4.92 [1.46-16.56]). 
Analyses regarding the mechanisms of anaemia are still ongoing.  
Conclusion: The incidence of delayed haemolysis seems to be lower in African children than in 
European adults – maybe due to lower parasitaemia. In children treated with artesunate, who do not 
develop delayed haemolysis [i.e. those with moderate parasitaemia], recovery from malarial anaemia 
is effective, with the main predictor of post-treatment anaemia being pre-existing anaemia. 



Symposium VI: Drug Resistance and Control of Tuberculosis and Parasitic Infections 
 

 52 

 

ST 29 
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Nitrobenzothiazinones are among the most potent antimicrobials against Mycobacterium tuberculosis 
(Mtb). Their killing mechanism involves a reductive activation of the nitro group and a subsequent 
covalent binding and inhibition of decaprenylphosphoryl-β-D-ribose 2'-epimerase (DprE1), an enzyme 
essential for the cell wall synthesis in mycobacteria. The preclinical candidate BTZ043 is currently 
being developed within a joint project of the German Centre of Infection Research (DZIF) and 
InfectControl 2020.  
In preparation for the clinical phases, a variety of studies were conducted to comply with the regulatory 
requirements, including investigations of the intrinsic resistance situation of BTZ043 against 217 
contemporary Mtb patient isolates, and its in vivo efficacy in a murine infection model. Preclinical GLP 
toxicology and toxicocokinetic studies as well as GLP safety studies aiming at phototoxicity and 
genotoxicity, central nervous, cardiac and respiratory effects were performed. To gain a deeper 
understanding of the metabolism of BTZ043 in vitro assays were used and supported by a bile 
cannulated rat study (in vivo). During careful analysis of in vivo samples, a hitherto fully overlooked 
unstable metabolite was revealed and characterized, which clarified observations of variable drug 
concentrations observed in previous pharmacokinetic studies.  
In order to provide sufficient amounts of high quality active ingredient for clinical trials, the 
development of the GMP production of BTZ043 has been initiated. A development program for 
suitable drug formulations was started in parallel.  
Throughout the whole preclinical evaluation, a benign toxicological and safety profile was found, while 
excellent efficacy could be demonstrated. Coincident with the national authority (BfArM), the 
prerequisites are now satisfied in order to apply for clinical phase I in due course. 
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Controlled human malaria infection as a tool to accelerate vaccine and drug 
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Introduction: First resistance against widely used artemisinin-based combination therapies occurred in 
Asia, which require development of novel compounds. A safe and efficient vaccine would complement 
other measures to combat malaria.  
  
Methods: We developed a protocol for standardized controlled human malarial infection (CHMI). 3200 
aseptic, purified and cryopreserved Plasmodium falciparum sporozoites administered intravenously 
are required to induce malaria in healthy, adult volunteers. With this highly reproducible CHMI model, 
we are not only able to assess interventions in early phase clinical trials such as immunization with 
infective sporozoites, but also the efficacy, safety and prophylactic activity of new compounds to 
prevent and treat acute malarial infections.  
  
Results: Administration of 3 injections of either radioattenuated or chemoattenuated spororozoites is 
efficacious in inducing high-level protective immunity in malaria-naïve volunteers. With this successful 
early clinical development of a highly efficacious malaria vaccine in humans, we set a basis for further 
vaccine refinement and hence, rapid translation of science into clinical practice. A first phase I clinical 
trial to assess the prophylactic efficacy and safety of the malaria parasite inhibitor DSM265, which has 
been identified in a high throughput screen showed causal prophylactic activity when given 1 day 
before CHMI and was well tolerated. This clinical trial is the first study using our CHMI as tool to 
assess drug efficacy and provided important information on the potential of DSM265, which allowed 
quick decision with regard to further development. More clinical trials are currently initiated to evaluate 
novel antimalarial drugs and vaccines using our CHMI.  
  
Conclusion: The CHMI model established by the DZIF Clinical Trial Platform (CTP) Tübingen is a 
powerful technique to test the efficacy and safety of antimalarial drug and vaccine candidates and 
allows early and rapid decisions and thus accelerated clinical development. 



Symposium VI: Drug Resistance and Control of Tuberculosis and Parasitic Infections 
 

 54 

 

ST 31 
 

The DOs and DON’Ts of atypical MBCs in the context of malaria 
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In malaria endemic areas, protective antibodies against Plasmodium falciparum are slowly acquired 
over years of repeated infections. Chronic malaria exposure is associated with an increase in atypical 
memory B cells (MBCs) that resemble B cells expanded in a variety of persistent viral infections. 
Recently, we and others have demonstrated that although atypical and classical MBCs are 
developmentally closely related, atypical MBCs exhibit a particular transcriptional profile that 
associates with markedly reduced signalling and effector function. It remains however, to clarify what 
mechanisms lead to their accumulation, how their transcriptional profile is regulated, and what 
advantage might arise from this apparently unresponsive lymphocyte population in the context of P. 
falciparum infection. To better understand atypical MBCs’ gene expression regulation, we analysed 
the profile of small RNAs of atypical and classical MBCs and naïve B cells from individuals with life-
long exposure to P. falciparum. Integration of differentially expressed transcripts of coding and non-
coding (miRNA and lncRNA) genome regions suggests possible functions of atypical MBC in the 
context of malaria exposure. Antigen presentation, cytotoxicity and BCR-independent signalling were 
investigated with samples from an observational cohort in an area of intense seasonal malaria 
transmission in Mali. Ex-vivo characterization and in-vitro studies of isolated atypical MBCs cultured 
with different stimuli will help understand the development and function of atypical MBCs in the context 
of malaria and similar subsets in other infectious settings. 
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Science, Policy and Society – Infectious Diseases as an Example 
 
J. Hacker 
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Management of infectious diseases still presents a great challenge for society and medical systems. 
During the last decades, several new infectious pathogens and diseases like HIV, MRSA or EHEC 
have been established and the latest Ebola outbreak in 2014 and 2015 showed that emerging and re-
emerging infectious diseases continue to represent a serious international threat despite major 
research advances in recent years. Concerning to WHO-data, infectious diseases cause nowadays 
12% of global deaths and still play a prominent role in health politics worldwide.  
The spread of infectious diseases is on the one hand due to changes in human behavior, as increased 
trade and travel, globalized food distribution and inappropriate use of antibiotics. On the other hand, 
mutations, gene transfer and recombination are responsible for pathogen variability. This situation 
requires a range of measures including the development of new and effective vaccines, effective 
monitoring systems, and faster and more reliable diagnostics. Particular emphasis should be placed 
on new approaches as host based therapy, small RNAs, genome editing tools, and the investigation of 
the microbiome.   
Continuing progress in the treatment of many infections is also threatened by the increasing number 
and expanded distribution of antibiotic resistant pathogens. In 2013, the German National Academy of 
Sciences Leopoldina together with the Academy of Science in Hamburg published the report 
“Antibiotics research: problems and perspectives”. It declares that the policy makers in the fields of 
science, politics, society and industry need to cooperate and act on a national and international level 
and that special emphasis should be placed on research and development. In 2015, the G7 science 
academies prepared statements on resistance to antibiotics and neglected tropical diseases to advise 
heads of the state and government at their annual summit. In 2017, the G20 health ministers agreed 
to work together to tackle growing resistance to antibiotics and the science academies of the G20 
countries developed scientific recommendations on improving global health. 
In conclusion, it can be stated that: the challenges facing control of infectious diseases today are 
tremendous and make a more global approach necessary to improve health of populations. Therefore, 
policy and science need to establish new models of collaboration and interaction. 
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Analyse des Antibiotikaverbrauchs am Kinderklinikum der Technischen Universität 
München: Angriffspunkte für ein Antibiotic Stewardship Programm 
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Hintergrund:  
Die Errungenschaften der modernen Medizin werden zunehmend von multiresistenten Keimen 
bedroht, die unter anderem durch unkritischen Einsatz von Antibiotika entstehen. Es konnte gezeigt 
werden, dass der Verbrauch von Antibiotika durch Antibiotic Stewardship (ABS) Programme reduziert 
werden kann. Zusätzlich werden Kosten eingespart und ein besseres Outcome erreicht. In der 
Pädiatrie fehlen jedoch Daten zur effektiven Implementierung solcher ABS Maßnahmen. 
  
Material und Methodik:  
 
Im Zeitraum von 01.08.16 bis 30.11.16 wurden alle Patienten dokumentiert, die eine systemische 
antibiotische Therapie erhielten. Insbesondere wurden das Antibiotikum, die Dauer der Therapie und 
die Dosierung aufgenommen. Die Daten wurden auf pädiatrischen und chirurgisch-pädiatrischen 
Normalstationen erhoben, Intensivstation und Onkologie wurden nicht untersucht. Patienten mit 
Tuberkulose (2), mit Zystischer Fibrose (4) und „longterm“ Patienten (2) wurden ausgeschlossen. Die 
prophylaktische Gabe von Antibiotika wurde außer Acht gelassen, wenn es keine perioperative 
Antibiotikaprophylaxe (PAP) war. Um den Verbrauch der Antibiotika zu beurteilen, wurden „Days of 
Therapy“ (DoT) und „Length of Therapy“ (LoT) berechnet. Insgesamt wurden 331 Patienten (190 
pädiatrische, 141 pädiatrisch-chirurgische) mit 2308 DoT und 1653 LoT erfasst.  
 
Ergebnisse:  
Von allen stationären Patienten auf den untersuchten Stationen erhielten 19% der pädiatrischen und 
30% der pädiatrisch-chirurgischen Patienten eine antibiotische Therapie. Cephalosporine machten 
48% und Penicilline 31% aller applizierten Antibiotika aus (Abb. 1). Innerhalb der Cephalosporine 
betrug der Anteil von Ceftazidim 20%. Die häufigsten Indikationen waren Harnwegsinfektion (HWI, 
20%) und ambulant erworbene Pneumonie (CAP, 14%) bei den pädiatrischen und PAP bei den 
pädiatrisch-chirurgischen Patienten (63%). Bezüglich Wundklassifikation und Risikofaktoren war die 
Indikation für eine PAP in 17% der Fälle nicht klar. Die Dauer der PAP überschritt in 48% 24 Stunden. 
Die in den Leitlinien empfohlene Initialtherapie der CAP mit Ampicillin wurde nur in 9 von 28 Patienten 
mit CAP durchgeführt (32%). Dosierungen der Antibiotika variierten erheblich: die Dosierungen von 
intravenösem Cefuroxim für Kinder ≥ 12 Monate schwankten im Bereich von 30 bis 150 mg/kg/d. 
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Antibiotikaverbrauch in DoT 
 
 
Schlussfolgerung:  
Die Daten liefern eine Grundlage für die Entwicklung von ABS Interventionen und zeigen, dass die 
Wahl des Antibiotikums und die Dosierung verbessert werden können. Die fehlenden 
Leitlinienadhärenz und der große Anteil an Cephalosporinen, insbesondere Ceftazidim, sollten durch 
ein Antibiotic Stewardship Programm adressiert werden. Lokale Leitlinien mit spezifischen 
Empfehlungen für die wichtigsten Infektionen im Kindesalter würden den Einsatz von Antibiotika 
optimieren. 
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Introduction  
Chronic lung diseases are frequently complicated by lung and airway infections. Today, the increasing 
number of multidrug resistant (MDR) bacteria including Acinetobacter baumannii has given rise to 
serious concerns. The high specificity of bacteriophages for their bacterial hosts and their effectivity in 
lysis make phage therapy attractive to overcome this problem. However, phages need to be properly 
chosen and characterized according to scientific state-of-the-art technology. For safe application, the 
preparations must be highly purified and free of contaminations. Processing methodology according to 
Good Manufacturing Practice (GMP) guidelines should route new approaches to foster clinical studies.  
 
Objectives  
This preclinical pilot study aims at determining the efficacy, safety and tolerability of a phage 
preparation, in anticipation of a future clinical trial applying aerosolized lytic phages against gram-
negative bacteria in patients with chronic airway infection.  
 
Materials & Methods  
The specific phage Acibel004 [1], a myovirus, was produced as high-titer suspension subjected to final 
processing including highly efficient multi-step depletion of endotoxins by column affinity 
chromatography. Mice were transnasally infected with A. baumannii and 12 h p.i. treated with phage 
or solvent intratracheally. The bacterial strain used was highly virulent and resistant to various 
antibiotics. Bacterial burdens in lungs, bronchoalveolar lavage fluid (BALF), blood and spleen were 
analyzed 24 and 48 h after infection. Leukocytes in blood, lungs and BALF were differentiated, clinical 
parameters measured and histopathological analyses performed. Furthermore, presence of vital 
phages was determined in plasma, BALF and lungs.  
 
Results  
Phage application led to a significantly higher survival rate and treated mice recovered faster from 
infection-associated loss in body temperature. Furthermore, the clinical outcome of phage-treated 
mice was improved compared to solvent-treated mice. Bacterial loads in lungs and BALF of the 
phage-treated group were significantly reduced 48 h p.i.. Phages were detected in BALF, lungs and 
plasma of the infected and treated mice. The numbers of immune cells in BALF, lungs and blood were 
unaffected by phage treatment. No adverse effects were observed.  
Conclusion  
The current preclinical data further support the concept of developing a phage-based therapy against 
pulmonary A. baumannii infections. 
 
  
[1] Merabishvili M, et al. Characterization of newly isolated lytic bacteriophages active against 
Acinetobacter baumannii. PLoS One. 2014 Aug 11;9(8):e104853. 
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Recent reports from around the world point to a dramatic increase in antibiotic-resistant Neisseria 
gonorrhoeae. However there are scarce data regarding this organism in Germany. We therefore 
sought to investigate the antimicrobial susceptibility and molecular epidemiology of N. gonorrhoeae 
using a core-genome MLST scheme on strains isolated in the Cologne metropolitan area.  
Thirty-four isolates were collected from patients with symptoms of urethritis reporting to the 
Department of Dermatology, University of Cologne, between 11/2015 - 05/2017. All patients were 
male, with a median age of 30 years. Susceptibilities to azithromycin, cefotaxime, ciprofloxacin, 
penicillin and tetracycline were determined by Etest. An ad-hoc core-genome MLST (cgMLST) 
scheme based on 1567 alleles was produced to investigate their molecular epidemiology. Genome 
sequences were also used to investigate the presence of antibiotic resistance genes and determine 
traditional 7-loci MLST.  
Eleven isolates were fully susceptible to all the antibiotics tested. Non-susceptibility to cefotaxime 
(n=1), tetracycline (n=5), azithromycin (n=8), ciprofloxacin (n=16) and penicillin (n=12) was found. 
Eleven isolates were non-susceptible to one antibiotic, eight were non-susceptible to two antibiotics, 
and four were non-susceptible to ≥ 3 antimicrobials and were considered multidrug resistant (MDR). At 
least one antibiotic retained activity against each isolate. Resistome analysis revealed that all isolates 
carried penA and three also had TEM. One isolate with a tetracycline MIC of 32mg/L harboured TetM. 
Ciprofloxacin non-susceptibility was associated with GyrA substitutions. Seven-loci MLST revealed 11 
sequence types (ST), with ST-7363 represented by 5 isolates which were all ciprofloxacin resistant 
(Figure 1). Analysis from our cgMLST scheme using 1567 alleles allowed us to delineate isolates 
further (Figure 1). Each ST was separated from other STs by at least 203 allelic differences for single 
locus variants, and >306 allelic differences for double locus variants. The ST-8156 cluster comprised 6 
isolates (≤ 63 allelic differences). A further five clusters were seen containing isolates with 2-56 allelic 
differences. We detected three possible transmission events, where isolates differed between 2 and 5 
alleles. Isolates within these clusters shared the same resistome and exhibited similar antimicrobial 
susceptibility profiles.  
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MST of N. gonorrhoeae using a cgMLST scheme (1567 targets). Values between strain identifiers indicate the number of allelic 
differences. Shaded areas indicate possible transmission events. Clusters of ≥ 2 isolates and their STs are within boxes. 
 
 
Our cgMLST scheme allowed us to further differentiate between isolates with the same 7-loci 
sequence type. We detected at least three potential transmission events. Although the number of 
MDR isolates remains low, at least one of the transmission events involved MDR isolates. Cefotaxime 
showed good activity against N. gonorrhoeae from the Cologne area. 
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Background  
  
Tuberculosis (TB) is an important infectious disease globally. TB control is challenged by drug 
resistance. In Nepal, incidence of isoniazid (INH) monoresistance (Hr) is 8% to 10%. However drug 
susceptibility testing (DST) is only performed in a minority of patients, mainly retreatment cases. Thus, 
an unknown number of patients with INH resistant strains are treated with standard directly observed 
treatment, short-course (DOTS) therapy. A recent meta-analysis revealed a 10.6% risk of treatment 
failure and MDR-TB development among Hr-cases (Gegia et al. Lancet ID 2016). The real outcome of 
Hr-TB has so far not been determined under field-conditions, particularly not in Nepal, a high 
incidence country with rapidly increasing rates of MDR- and preXDR-TB.  
  
  
Methods  
  
This retrospective cohort study was carried out in Nepal and investigated the outcome of patients with 
INH resistant TB. Patients with strains susceptible and resistant to INH were identified from laboratory 
registers from 2011-2015. Treatment outcomes were collected from DOTS-centres. Patients without 
susceptibility testing were identified randomly in DOTS-centres.  
  
  
Findings  
  
We identified 69 patients with Hr/rifampicin (RIF) susceptible TB, 116 patients with fully susceptible 
TB, and 606 patients without DST results. Rates of failure and death were highest with 7% each in 
patients with INH resistance, while they ranged at 3% and 5%, respectively, in patients with 
susceptible TB and at 1% each for individuals without DST results. Individuals with INH resistant TB 
on category II treatment had 11 times higher odds of failure or death compared to individuals with INH 
susceptible TB.  
  
  
Interpretation  
  
INH resistant TB treated with first line drugs and streptomycin (SM) resulted in suboptimal outcomes. 
Efforts towards INH resistance testing for all patients should be prioritized and treatment regimens for 
Hr-TB require urgent optimization.  
  
  
Funding  
  
German Center for Infection Research (DZIF) and Kuratorium Tuberkulose in der Welt e. V 
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The global spread of Aedes albopictus (Ae. albopictus) is concerning, as it constitutes an important 
vector for a number of emerging human viruses such as Dengue virus, Chikungunya virus or Zika 
virus. The first report on the occurrence of Ae. albopictus in Europe came from Albania and dated 
back to 1979 (Adhami 1998). However, the spread in Europe started when the mosquito species was 
introduced into Italy in the nineties of the last century (Knudsen 1996). Until now, Ae. albopictus is 
present in more than twenty-five European countries, including Germany (ECDC 2016). In order to 
determine whether the five German Ae. albopictus populations known so far originated from a single 
introduction event or from several independent infiltrations, we performed microsatellite analyses with 
mosquitoes from Freiburg-Hettlinger, Freiburg-Rieselfeld, Heidelberg, Sinsheim and Jena, 
respectively. A set of sixteen microsatellite loci was used (Beebe 2013, Manni 2015). The results 
indicated a total of four different Ae. albopictus genotypes, suggesting independent introductions of 
the various populations and not a continuous spread over Germany. Moreover, comparison of 
microsatellite markers from three of the five populations (Freiburg-Hettlinger, Heidelberg, Jena) in two 
consecutive years (2015, 2016) indicated identical genotypes with FST-value below 0,07 which is 
consistent with suspected overwintering of Ae. albopictus in Germany, as previously suggested 
(Pluskota 2016, Walther 2017). 
 
The results presented here, argue for constant monitoring and control of Ae. albopictus in Germany. 
Moreover, studies on vector competence of Ae. albopictus at temperate climate conditions are 
required in order to assess the risk for arbovirus transmission in Germany.  
  
Adhami et al. Introduction and establishment of Aedes (Stegomyia) albopictus skuse (Diptera: 
Culicidae) in Albania. J Am Mosq Control Assoc. 1998 Sep;14(3):340-3.  
  
Beebe et al. Tracing the Tiger: Population Genetics Provides Valuable Insights into the Aedes 
(Stegomyia) albopictus Invasion of the Australasian Region. PLoS Negl Trop Dis. 2013 Aug; 7(8): 
e2361.  
  
ECDC website – Aedes albopictus, last update 20 december 2016. 
  
Knudsen et al. Occurrence and spread in Italy of Aedes albopictus, with implications for its introduction 
into other parts of Europe. J Am Mosq Control Assoc. 1996 Jun;12(2 Pt 1):177-83.  
  
Manni et al. Molecular markers for analyses of intraspecific genetic diversity in the Asian Tiger 
mosquito, Aedes albopictus. Parasit Vectors. 2015; 8: 188. 
  
Pluskota et al. Successful overwintering of Aedes albopictus in Germany. Parasitol Res (2016) 
115:3279  
Walther et al. The invasive Asian tiger mosquito Aedes albopictus (Diptera: Culicidae) in Germany: 
Local reproduction and overwintering. Acta Trop. 2017 Feb;166:186-192. 
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Pseudomonas aeruginosa (PA) can cause severe chronic lung infections in patients suffering from 
cystic fibrosis or bronchiectasis. This opportunistic, ubiquitous gram-negative bacterium is able to 
switch to the biofilm mode of life, which serves as a physical barrier to survive antibiotic treatment and 
host immune defense. In addition, PA develops high resistance towards antibiotics resulting in 
maintenance of chronic infections and high mortality of infected patients. The Pseudomonas 
Quinolone Signal (PQS) quorum sensing (QS) system is essential for bacterial virulence and biofilm 
formation rendering it a suitable drug target to block PA`s pathogenicity.[1]  
 
To this end, we aim at the design, synthesis, and optimization of QS inhibitors targeting the innate 
transcriptional regulator PqsR. A first compound series inspired by the natural PQS auto-inducer 
molecule HHQ showed activities in the nanomolar range.[2] Importantly, these QS inhibitors 
demonstrated promising effectivity in an acute infection model in Galleria mellonella larvea fully 
abolishing the pathogenicity of an otherwise lethal PA inoculum.  
 
In a study on another compound class, we could demonstrate that inhibitors PQS QS enhance the 
efficacy of antibiotic treatment in a biofilm setting.[3] Our QS inhibitors do not affect bacterial viability. 
Hence, only low rates of resistance development can be expected. Furthermore, the pathogen-specific 
appraoch offers the advantage to preserve the commensal microbiota.  
 
Currently, new structure-divergent compound series of PqsR antagonists derived from a fragment-
based approach are being optimized by means of structure-guided medicinal chemistry. These lead-
like entities demonstrate even more favorable properties compared with the first compound series and 
have been subjected to a two stage lead generation and optimization campaign. 
  

 
Our PqsR antagonists will preferably be administered by inhalation and will be developed as preemptive and/or adjunctive 
treatment in PA eradication and suppression therapy for cystic fibrosis and bronchiectasis. 
 
[1] S. Wagner, R. Sommer, S. Hinsberger, C. Lu, R. W. Hartmann, M. Empting, A. Titz, Journal of 
medicinal chemistry 2016, 59, 5929.  
[2] C. Lu, C. K. Maurer, B. Kirsch, A. Steinbach, R. W. Hartmann, Angewandte Chemie (International 
ed. in English) 2014, 53, 1109.  
[3] A. Thomann, A. G. G. de Mello Martins, C. Brengel, M. Empting, R. W. Hartmann, ACS chemical 
biology 2016, 11, 1279. 
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Background  
Mycoplasma genitalium (MG) is an emerging STI, strongly associated with nongonococcal urethritis 
(NGU) and cervicitis. Difficulties in culturing, have lead to routine diagnosis requiring nucleic acid 
testing. However, appropriate treatment of MG is complicated due to antibiotic resistance to the 
standard treatment, azithromycin. The ResistancePlus™ MG assay has been developed for the 
simultaneous detection of MG and five mutations in the 23S rRNA gene (positions 2058 and 2059 (E. 
coli numbering)) associated with azithromycin resistance. This study evaluates front line testing for 
MG and resistance in samples requesting chlamydia (CT) and gonorrhoea (NG) in a routine clinical 
setting.  
 
 Methods  
1089 consecutive urine/urethral swabs, cervical/vaginal swabs and anogenital swab samples in 
symptomatic and asymptomatic male and female patients were tested using the ResistancePlus™ MG 
kit (SpeeDx). This qPCR assay employs novel PlexPrime for the selective amplfiication of mutants 
over wild-type coupled with PlexZyme technology for efficient multiplexed detection in qPCR. Results 
were compared to an in-house qPCR test for MG detection and sequencing of positives to determine 
23S rRNA mutation status.  
  
Results  
The prevalence of MG was 6.0% and the prevalence of 23S rRNA mutations was 63.1% (in MG 
positive samples). The ResistancePlus™ MG kit showed very high clinical performance compared to 
the reference methods with sensitivity and specificity for MG detection of 98.5% and 100.0%, and 23S 
rRNA mutation detection of 100.0% and 96.2%, respectively. The ResistancePlus™ assay has an 
analytical sensitivity of 10-15 copies for all targets, and no cross-reactivity was seen in a wide range of 
non-target organisms.  
  
Conclusion  
The ResistancePlus™ MG kit demonstrated excellent clinical performance for the simultaneous 
detection of MG and mutations associated with azithromycin resistance. With high levels of MG 
resistance in the test population, detection of MG with resistance information would allow prompt and 
appropriate treatment with second line antibiotics.  
 
  
Disclosure of Interest Statement  
 
SpeeDx is the developer and manufacturer of the assay evaluated in this study. 
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Das Erkennen des Auftretens der übertragbaren Linezolidresistenz und ihrer Reservoire, die auch in 
landwirtschaftlichen Tieren vorhanden sind, ist für das Aufrechterhalten therapeutischer Optionen von 
nosokomialen MRSA-Infektionen essentiell.  
 
2008 beschrieben Kehrenberg et al. ein LA-CC398- Isolates mit Herkunft vom Mastschwein mit cfr-
Gen Nachweis. Nahezu zeitgleich wurde über ein Cluster von Krankenhausinfektion mit cfr-Gen 
positiven MRSA in Madrid berichtet (Sanchez Garcia et al., 2008). 2010 erhielten wir einen LA-MRSA 
CC398 mit Linezolidresistenz aus einer Beatmungspneumonie eines Schweinemästers. Vor dem 
Hintergrund der bei Nutztieren eingesetzten Antibiotika (z.B. Florfenicol und Tiamulin) bewirkt deren 
Anwendung einen hohen Selektionsdruck mit einer interdisziplinären Auswirkung. Die hier vorgestellte 
Studie erfolgte unmittelbar an der Schnittstelle Tier-Mensch und beinhaltete zunächst ein 
Staphylokokken-Screening auf 4 Bauernhöfen mit Rinderzucht-und –mast unter Einsatz von 
Florfenicol. Die Untersuchungsergebnisse lassen sich wie folgt zusammenfassen: von 52 Tieren 
waren 12 Tiere positiv für Koagulase negative Staphylokokken (KNS mit cfr) unabhängig vom 
Behandlungsstatus und Species-Verteilung: S. lentus (4) S. sciuri (3), S. cohni (1), S. simulans (1), S. 
auricularis (1). Die Weiterführung der Studie unter Einbeziehung der auf dem Hof lebenden Menschen 
und anderen Haustiere ergab folgende Ergebnisse: Menschen (n=10) waren alle cfr –negativ; Rinder 
(n=28) davon 3 positiv für KNS mit cfr-Gen Nachweis: (S. vitulensis) sowie ein Hofhund (n=1) ohne 
Staphylokokkennachweis. Weiterhin wurden 8 Schweinemastanlagen beprobt: auf drei Anlagen 
wurden cfr -positive KNS detektiert (S. kloosii, S. cohni, S. sciuri). Das nasale Screening bei 344 
Tierärzten ergab in 4 Fällen einen Nachweis von cfr -positiven KNS (S. epidermidis, S. saprophyticus). 
Die Typisierung des S. epidermidis- Stammes erbrachte die Zugehörigkeit zu ST5. Diese Linie tritt bei 
Tieren und Menschen auf. Das Auftreten von cfr -positiven Staphylokokken ist offenbar mit dem 
Einsatz von Florfenicol assoziiert: denn die Proben bei 43 Tieren von 16 Bauerhöfen der gleichen 
Region ohne Florfenicol-Einsatz waren negativ. Linezolid resistenten KNS als nasale Besiedler beim, 
Menschen sind in der Community sehr selten: kein Nachweis bei 365 bei gesunden Menschen als 
Bewohner einer niedersächsischen Großstadt. Im Zusammenhang mit dem Einsatz von Florfenicol bei 
landwirtschaftlichen Nutztieren (Sectio caesarea bei Fleischrindern) oder der Anwendung von 
Tiamulin bei Infektionen des Respirations-und Gastrointestinaltraktes bei Nutztieren treten KNS mit 
cfr-Gen vermittelter Multiresistenz auf, die auf S. aureus übertragbar ist. Die untersuchten cfr–
positiven Isolate waren auch resistent gegenüber Retapamulin, ein in der Humanmedizin topisch 
eingesetztes Antibiotikum. Bei keinem der Isolate war das optrA-Gen nachweisbar, welches Resistenz 
gegenüber Tedizolid vermittelt. 
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Background  
Antibiotics are important in treating bacterial infections but resistance is a major problem and less well 
documented in developing countries. The aim of the study was to analyse antibiotic use in hospitalized 
children with respect to patients’ diagnoses and microbiological testing.  
  
Methods  
We conducted a retrospective analysis of paediatric inpatient data at The Edward Francis Small 
Teaching Hospital in Banjul, The Gambia. We used an access database to extract data from the 
admission folders of all patients (aged >28 days to ≤15 years) admitted in 2015 (January-December), 
who received at least one antibiotic for 24 hours. We excluded records of patients who were 
discharged against medical advice and admission folders with inappropriate dating or loss of 
documents containing antibiotic and/or diagnosis details.  
  
Results  
Over half of the admitted patients received at least one antibiotic during hospital stay (497/917). 
Ampicillin was the most commonly used antibiotic (38% (188/497)), and resistance against ampicillin 
was most common among the resistant isolates (23% (9/39)). Pneumonia was the most common 
diagnosis on admission among these patients that received antibiotics (20% (100/497)). Of the total 
test specimens on admission (50% (248/497)), 67% (165/248) had no documented results, 24% 
(59/248) showed no growth, the remaining 10% (24/248) were positive. Among these, Klebsiella sp. 
were the most often isolated organism (33% (8/24)) and had the highest reported antibiotic resistance 
(49% (19/39)).  
  
Conclusion:  
There was a significant proportion of the patients who received antibiotics, with deficiencies in 
microbiological tests. Antibiotic resistance was highest for the most commonly used antibiotics. More 
specific studies on the resistance profile of the commonly isolated organisms would be useful 
epidemiologically and in helping to decide on rational antibiotic use.  
  
KEY WORDS: Paediatrics, antibiotics, microbiology tests, resistance. 
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Avibactam is a novel diazabicyclooctane beta-lactamase inhibitor active against ESBL, AmpC and 
some Carbapenemases (e.g. OXA-48, KPC). We here report on the emergence of ceftazidime-
avibactam resistance during ceftazidime-avibactam Therapy in a OXA-48 and CTX-M-14-producing K. 
pneumoniae isolate.  
Whole Genome Sequencing revealed two single nucleotide polymorphisms in the CTX-M-14-encoding 
gene. Compared to wild type CTX-M-14, expression of the newly identified CTX-M-14 isoform in E. 
coli led to a 64- and 16-fold increase in ceftazidime and ceftazidime-avibactam MICs. The aminoacid 
exchange P170S in CTX-M-14 was found in association with elevated ceftazidime-avibactam MICs in 
independent K. pneumoniae isolates, also confering elevated MICs, however, it was not sufficient for 
full resistance to ceftazidime-avibactam.  
Continuous monitoring of ceftazidime-avibactam-susceptibility during therapy is crucial in order to 
detect emergence of resistance especially in isolates carrying blaCTX-M-14 and blaOXA-48. 
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The mobile colistin resistance gene mcr-1, first detected in China was subsequently reported in many 
countries all over the world. In contrast to chromosomally encoded colistin resistance mechanisms, 
the mcr-1 is located on conjugative plasmids and therefore can be acquired easily.  
This study was performed to understand the types of plasmids involved in the spread of mcr-1 in 
Germany and Spain. For this, 207 mcr-1-encoding E. coli isolates from Germany and Spain from 
different sources (human, companion animal, livestock, food, environment) were whole genome 
sequenced. Bioinformatic analyses were performed to determine the multilocus sequence types and 
the location of mcr-1.  
The mcr-1 gene was predominantly located on two different types of plasmids, IncX4 and IncHI2, a 
chromosomal location of mcr-1 was detected in few isolates. The number of multilocus sequence 
types found in mcr-1-producing isolates was very high and identical plasmids were found in different 
sequence types, indicating plasmid spread within these isolates. IncX4 plasmids were predominantly 
found in livestock and food isolates, while IncHI2 plasmids associated with human isolates. The IncX4 
plasmids were highly conserved and virtually identical to mcr-1-encoding IncX4 plasmids from all over 
the world.  
In conclusion, we noted that there are other plasmids predominantly carrying mcr-1 in Germany and 
Spain, as compared to other countries, where also IncI2 was found to harbour mcr-1. In our analysis, 
we also found other variants of mcr-1, called mcr-1.9 in isolates from Spanish isolates, indicating an 
ongoing evolution of mcr-1. The worldwide spread of virtually identical mcr-1-encoding IncX4 plasmids 
is striking; the mechanism of the stability and promiscuity should be investigated in greater detail. 
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Enterobacteriaceae encoding extended-spectrum beta-lactamases (ESBL) are isolated in increasing 
numbers from different compartments, such as humans, livestock and the environment. The spread of 
ESBL-producing Enterobacteriaceae or ESBL-encoding plasmids among these different 
compartments has been proposed.  
In order to investigate this hypothesis, ESBL-producing E. coli from different compartments in 
Mwanza, Tanzania, were analysed in detail. In total, 65 ESBL-producing E. coli from humans, fish, soil 
and animals (livestock and companion animals) were investigated. Whole genome sequencing of 
these isolates was performed. The multilocus sequence types, ESBL-genes and their location 
(chromosome, plasmid) were analysed.  
The investigated E. coli isolates displayed 25 different sequence types. The most common sequence 
types detected were ST617 (n=10), ST131 (n=9), ST38 (n=8) and ST2852 (n=8). E. coli ST38 were 
found in all four sources, while ST2852 and ST131 were found in humans, animals and soil. All but 
one isolate harboured the ESBL gene blaCTX-M-15, with 30% of the isolates harbouring this ESBL 
gene on the chromosome. Almost a third of the isolates (26%) depicted additionally the plasmid-
encoded quinolone resistance gene qnrS1. 
 
Using a One Health approach, we were able to determine, that a single blaCTX-M allele, blaCTX-M-
15, is predominant in different compartments and in different sequence types, suggesting a spread of 
this resistance by mobile genetic elements such as plasmids, rather than the spread of clones. This 
has to be investigated in more detail. 
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Carbapenem-resistance of Acinetobacter baumannii provides a serious worldwide healthcare problem. 
The carbapenem-hydrolysing oxacillinases (OXAs) are the most commonly reported carbapenem-
resistance determinants in Acinetobacter spp., particularly in A. baumannii. There are six identified 
OXA-subgroups associated with carbapenem-resistance in A. baumannii: the intrinsic OXA-51-like 
and the acquired OXA-23-like, OXA-58-like, OXA-40-like, OXA-143-like and OXA-235-like. Of these, 
OXA-23 is the most prevalent carbapenem-resistance determinant followed by OXA-72 (OXA-40-like) 
and OXA-58 among isolates in Germany, Europe and worldwide.  
There is an unmet medical need for reliable and rapid diagnostic tools to detect OXA-23-like producing 
A. baumannii isolates to ensure a successful treatment of patients and prevent the spread of 
carbapenem-resistant A. baumannii.  
We generated OXA-23 specific monoclonal antibodies that were tested in different combinations for 
their capacity to capture and detect OXA-23 in an immunochromatographic lateral flow assay. In 
collaboration with Coris BioConcept (Gembloux, Belgium) we identified an antibody-pair suitable for 
the development of a prototype OXA-23 detection assay. We report a robust OXA-23 detection assay 
that reliably differentiates with 100 % specificity between OXA-23-like mediated carbapenem-
resistance from carbapenem-resistance mediated by other OXAs.  
 

 
Results of ten representative isolates obtained with OXA-23 detection assay. 
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The OXA-23 detection assay provides results in less than 10 minutes from culture plate. The 
sensitivity of this assay is in the range of 105 to 106 cfu per sample. It doesn’t require 
expensive/specialized equipment and can be performed by personal with basic microbiology skills. 
With this rapid detection assay one can save 12-48 hours in diagnostic time, avoiding treatment with 
inappropriate antibiotics and enabling earlier intervention to control transmission of OXA-23 producing 
carbapenem-resistant A. baumannii to other patients.  
The generation of antibodies against other prevalent oxacillinases such as OXA-72 and OXA-58 is 
ongoing and offers the possibility to develop an antibody-based triple-OXA detection assay, which 
covers over 90% of carbapenem-resistant A. baumannii isolates in Germany. 
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Staphylococcus aureus is one of the most important pathogens of nosocomial acquired infections. The 
increasing spread of multidrug-resistant strains represents a major challenge in health care and 
makes an adequate treatment constantly more difficult.  
In addition to the search for new, effective antibacterial substances the identification and 
characterization of previously un(der)-exploited or unused targets is urgently needed. The bacterial 
cell envelope as a unique and highly conserved structural element represents the most prominent 
target to which a selective attack on a variety of biosynthetic reactions can take place [1].  
Most microbes implicated in invasive diseases produce capsular polysaccharides (CPs) that serve as 
essential virulence factors, impeding complement-mediated opsonophagocytic killing and enabling 
bacterial persistence in the bloodstream of infected hosts [2].  
Despite its importance, comparably little is known about the biochemistry underlying capsule 
biosynthesis in S. aureus. Especially the proposed attachment of the CP precursor to the MurNAc (N-
acetyl-muramic acid) moiety of peptidoglycan is achieved by a yet not fully unraveled mechanism 
possibly involving a member of the LCP (LytR-CpsA-Psr) protein family [3]. 
 
Functional reconstitution of distinct enzymatic reactions within the capsule biosynthesis of S. aureus, 
utilizing purified recombinant enzymes and differentiated radio-labeled substrates, allowed for the first 
time a profound biochemical analysis, exact determination of kinetic parameters and identification of 
inhibitors. Of note, key enzymes of the capsule biosynthesis were found to be inhibited by antibiotics 
from different classes. The established assays provide an excellent basis for further screening of 
compound libraries and the identification of antibiotics blocking these targets. 
 
  
  
[1] Schneider, T. and Sahl, H.-G. „An oldie but a goodie – cell wall biosynthesis as antibiotic target 
pathway“ Internat. J. of Med. Microbiol. 300 (2010):161-169. 
[2] Taylor, C. M. and Roberts, I. S. “Capsular polysaccharides and their role in virulence.” 
Contributions to Microbiology 12 (2005): 55–66. 
[3] Chan, Y. G.-Y., Kim, H. K., Schneewind, O. and Missiakas, D. “The capsular polysaccharide of 
Staphylococcus aureus is attached to peptidoglycan by the LytR-CpsA-Psr (LCP) family of enzymes” 
The Journal of Biological Chemistry 289 (2014): 15680-15690. 
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Rapid emergence of highly variable and transferable oxazolidinone and phenicol 
transporter OptrA in German clinical Enterococcus spp. 
 
J. Bender, C. Fleige, D. Lange, U. Geringer, I. Klare, G. Werner 
Robert Koch-Institut, Wernigerode, Germany 
 
Background and objectives: Linezolid (LZD)-resistant Enterococcus spp. (LRE) are generally detected 
at low prevalence. However, the National Reference Centre (NRC) for Staphylococci and Enterococci 
in Germany has received an increasing number of clinical LRE isolates in recent years. Resistance to 
this last resort antibiotic can be achieved, amongst others, by acquisition of the methyltransferase Cfr 
or the ABC-transporter OptrA. Both genes were described to reside on plasmids or other mobile 
genetic elements. It has been hypothesized that these elements were co-selected by antibiotic use in 
livestock and emerged in staphylococci and enterococci from food-producing animals. Little is known 
about the prevalence of OptrA in clinical Enterococcus (E.) isolates from Germany. Thus, we aimed to 
comprehensively asses the prevalence, loci organization and transferability of optrA in LRE received 
by the NRC from 2007 until 2016.  
Materials and methods: In total, 540 LRE isolates were screened by PCR for the presence of optrA. 
Twenty-one optrA-positive LRE were subjected to whole genome sequencing (WGS). Localization of 
optrA was additionally examined by S1-PFGE and Southern hybridization. Transferability of optrA was 
assessed by filter-mating of selected isolates with Enterococcus spp.  
Results: A high proportion of LZD-resistant E. faecalis were tested positive for optrA. It is worth 
mentioning that within the collection of isolates an increase of optrA-positive E. faecalis isolates from 0 
% to 90.9 % (2007 to 2016) was observed. In total, 9 different optrA variants were detected. 
Phylogenetic analyses clearly demonstrated that multiple introduction events of the resistance locus 
had occurred and that this was independent of the date or federal state of isolation. Bioinformatics 
analyses produced plasmid sequences identical to already described optrA-containing vectors as well 
as novel optrA insertion sites. Successful transfer of the resistant determinant to susceptible recipients 
was achieved.  
Conclusion: Our analyses suggest that highly plastic optrA-encoding mobile genetic elements 
emerged especially in E. faecalis clinical isolates in recent years. This represents a worrisome 
situation with respect to resistances against last resort antibiotics and demonstrates the One Health 
dimension of a putative co-selective effect by antibiotic use in either sector. As transfer of the 
resistance locus is possible, immediate attention and thorough examination of optrA transmission is 
required in order to prevent further dissemination of multi-drug resistant pathogens. 
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Antibiotic resistant bacteria represent one of the greatest medical challenges of our time. The advent 
of increasingly rapid genome sequencing technologies coupled with decreasing cost has created a 
new bottleneck in the analysis of whole genome sequencing data. To target this challenge, we have 
developed ASA³P, a highly scalable and portable analyses pipeline that is capable of processing 
thousands of bacterial genomes on a daily basis.  
In a first of three stages the pipeline incorporates raw sequencing reads as well as preassembled 
contigs or annotated genomes and subsequently conducts diverse quality control, assembly, 
scaffolding and annotation steps. Based on assembled and annotated pseudogenomes the pipeline 
then performs several genome characterization steps, e.g. taxonomic classifications, MLST typing as 
well as detection of antibiotic resistance genes. In a last stage, the pipeline conducts comparative 
analyses such as a calculation of the core and pan genome as well as the creation of various 
phylogenetic trees. Therefore, ASA³P takes advantage of published and well performing bioinformatic 
tools in terms of quality and runtime. Finally, all results are presented via a web based user interface 
providing interactive visualizations and access to intermediate results as well as aggregated 
information for subsequent analyses on specialized platforms as for example EDGAR [1] or 
ReadXplorer [2].  
Due to the manifold software library dependencies and required databases, the installation of ASA3P 
is a non-trivial task. To overcome this bottleneck, we provide convenient and portable distributions, i.e. 
a Docker container and virtual images. The latter can be used to run ASA³P on premise on any 
OpenStack compatible cloud computing infrastructure such as Amazon AWS® or academic 
infrastructures, e.g. the de.NBI cloud. Additionally, we provide a reference installation on our 
bioinformatics core facility (BCF) high-performance compute cluster at the microbial genome resource 
center (MGRC) in Giessen comprising 800 CPU cores. Access is provided upon request through 
system administrators of the BCF. A recent benchmark showed that the pipeline can analyze 5.600 
Listeria genomes in less than 2 days.  
ASA³P is envisaged as an upfront tool for further downstream characterizations. This includes ongoing 
improvement and incorporation of new features that will enable structured information collation of 
plasmids, virulence genes, prophages and other components of accessory genomes. An important 
next extension will be the incorporation of metadata into genomic feature analyses allowing 
visualization of spatio-temporal dynamics from surveillance and epidemiological data. 
 
References: 
[1] Blom J, Kreis J, Spänig S, Juhre T, Bertelli C, Ernst C, Goesmann A, (2016), EDGAR 2.0: an enhanced software platform for 
comparative gene content analyses., Nucleic acids research 
[2] Hilker R, Bernd Stadermann KB, Schwengers O, Anisiforov E, Jaenicke S, Weisshaar B, Zimmermann T, Goesmann A, 
(2016), ReadXplorer 2 - detailed read mapping analysis and visualization from one single source., Oxford Bioinformatics 
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Colistin is an ultimate line of refuge against infections associated with multidrug resistant (MDR) 
Gram-negative pathogens. Current antimicrobial susceptibility testing for colistin is fraught with pitfalls 
and the joint CLSI-EUCAST subcommittee has warned of the credibility of methods used to determine 
colistin minimum inhibitory concentration (MIC) (1). Resistance to colistin generally involves mutations 
in chromosomal genes of bacteria. In 2015, Liu et al. reported a plasmid-borne colistin resistance 
mechanism mcr-1 that can be transmitted by horizontal gene transfer (2). This unusual mechanism of 
resistance to colistin might contribute to more rapid spread of colistin resistance. There is therefore a 
need for an assay that enables reliable and accurate susceptibility testing against mcr-1-producing 
bacteria.  
  
Our goal is to develop a novel medium for improved surveillance of mcr-1-producing 
Enterobacteriaceae. By determining colistin MIC values of mcr-1-positive Enterobacteriaceae, we 
noted that isolates harboring IncH2- and IncX4-types plasmids exhibit increased colistin resistance 
when are grown in the presence of heat-inactivated normal human serum (NHS). As serum contains 
high concentration of Ca2+, we assessed the role of calcium ions in mediating resistance to colistin. 
Additionally, we noted that the calcium concentration in cation-adjusted (20–25 mg/L) MHB, as 
suggested by the EUCAST, is far lower than Ca2+ level present in human serum in vivo (3). These two 
aforementioned observations prompted us to devise a calcium-enhanced medium and compare it to 
the reference cation-adjusted MHB medium (4). To evaluate our medium, we tested mcr-1 deletion 
mutant, wild type clinical isolates and transconjugants harboring the mcr-1 gene on IncH2 and IncX4 
plasmids. A pronounced and clear difference in MIC values between the cation-adjusted and devised 
media was observed. The control colistin-susceptible isolates and Δmcr-1 did not display increased 
MIC in calcium enhanced medium.  
  
In conclusion, we describe a simple, easy-to-prepare medium that can be used in any assay format 
(e.g. microdilution, Etest strips). It provides an alternative to cumbersome protocols currently used for 
testing of mcr-1-producing Enterobacteriaceae.  
  
References:  
1. Eucast. Recommendations for MIC determination of colistin (polymyxin E) as recommended by the 
joint CLSI-EUCAST Polymyxin Breakpoints Working Group. 2016; (March, 22):2016.  
2. Liu YY, Wang Y, Walsh TR, Yi LX, Zhang R, Spencer J, et al. Emergence of plasmid-mediated 
colistin resistance mechanism MCR-1 in animals and human beings in China: A microbiological and 
molecular biological study. Lancet Infect Dis [Internet]. Elsevier Ltd; 2016;16(2):161–8.  
3. Goldstein D a. Serum Calcium. Clin Methods Hist Phys Lab Exam 1990; : 677–9.  
4. An international patent form, corresponding to this work, has been filed on behalf of the University 
of Giessen. 
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Globally, the epidemic of multidrug-resistant (MDR) Mycobacterium tuberculosis complex (MTBC) 
strains (resistant to isoniazid and rifampicin) accounted for an estimated 580,000 new cases in 2016, 
with 45% of these new MDR tuberculosis (TB) patients reported in India, China, and the Russian 
Federation 1. Nowadays, political and economic crises, driving human migration towards the 
European Union, also challenge local TB health care and surveillance approaches. In Germany, the 
proportion of MDR-TB patients born in the former Soviet Union has more than doubled between 2011 
and 2015 from 11% (26 patients) to 24.5% (63 patients), that is 41 times higher than among patients 
born in Germany (0.6%, 6 patients) 2.  
To investigate population structure, (resistance) evolution, and transmission dynamics of MDR-MTBC 
strains in Germany, we are investigating more than 1,200 MDR-MTBC clinical isolates derived from 
patients in Germany between 1995 and 2016. Employing a whole genome sequencing (WGS) 
approach, we detect molecular drug resistance markers to WHO group A, B, C, and D drugs, perform 
a high-resolution phylogenetic classification as well as cluster analysis as surrogate marker for recent 
transmission chains, and combine the data with epidemiological investigations.  
Preliminary data analysis revealed that 53.8 % (694/1289) of all MDR-MTBC strains in Germany are 
classified as MTBC Beijing genotype (lineage 2.2.1), mainly comprising two sub-groups which have 
been shown to be widely distributed in Eurasia3: Central Asian outbreak (15.1%, 195/1289) and 
Europe/Russia W148 outbreak (18.6%, 240/1289). Considering available phenotypic drug resistance 
data (n=1057), both Beijing sub-groups show a higher proportion of resistance to all drugs used in the 
standard (i.e. drug susceptible) TB regimen compared to non-Beijing strains, i.e. 39.1% and 39.5%, 
compared to 21.9% (P < 0.0001).  
This study will form the basis for an ongoing prospective WGS-based surveillance of MDR-MTBC 
strains in Germany to inform local health authorities, the RKI, and the European Centre for Disease 
Control (ECDC), and to allow for concerted outbreak investigations, including suspected cross-border 
transmissions.  
  
1. WHO | Global tuberculosis report 2016. WHO Available at: 
http://www.who.int/tb/publications/global_report/en/. (Accessed: 7th June 2017)  
2. RKI - Tuberkulose - Berichte zur Epidemiologie der Tuberkulose in Deutschland. Available at:  
https://www.rki.de/DE/Content/InfAZ/T/Tuberkulose/Archiv_Berichte_TB_in_Dtl_tab.html. (Accessed: 
7th June 2017)  
3. Merker, M. et al. Evolutionary history and global spread of the Mycobacterium tuberculosis Beijing 
lineage. Nat. Genet. 47, 242–249 (2015). 
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BACKGROUND: New direct-acting-antiviral (DAA) therapies have high success rates, though they are 
still lower in cirrhotic patients. The presence of resistance-associated-mutations (RAMs) can play a 
role in DAA therapy failure. Over 50% of GT1-infected patients display baseline RAMs that may affect 
the susceptibility to DAAs [4].  
METHODS: A 52 year-old patient enrolled in the PEPSI Study was analysed [Fig. 1]. Fibrosis stage 
was determined by Acoustic Radiation Force Impulse (ARFI) Imaging. Four blood samples were 
obtained: baseline, failure and two follow-ups. Viral RNA was amplified by RT-PCR, sequenced with 
next generation sequencing (NGS) and interpreted with geno2pheno[HCV]. Phylogenetic analysis was 
done using RAxML under a GTRCAT model of nucleotide substitution.  
NS5A-to-NS5B amplicons from baseline and failure samples were cloned in E. coli to analyse the 
concomitant presence of RAMs in these genes within individual viral strains.  
RESULTS: Upon detection of F4 fibrosis, he underwent a 12 week-long therapy of Ombitasvir co-
formulated with Paritaprevir and Ritonavir, plus Dasabuvir and Ribavirin [Fig.1]. Baseline sample was 
analysed twice, once before therapy start and once retrospectively after failure. Retrospective RT-
PCR amplification with improved laboratory protocols followed by NGS sequencing revealed RAMs in 
the NS5A and NS5B viral genes compromising two of the three DAAs used in the therapy. After 
failure, new RAMs were detected in NS3, NS5A and NS5B genes. Molecular cloning in E. coli 
demonstrated that the RAMs in NS5A and NS5B genes at baseline and after failure were 
concomitantly present within individual viral strains. Sampling at weeks 10 and 30 after stopping 
therapy showed that all RAMs remained. Phylogenetic analysis showed that baseline viruses did not 
re-emerge after 30 weeks in the absence of therapy pressure, but the resistant viruses persisted.  
CONCLUSIONS: This is the first report showing presence of RAMs simultaneously in different genes 
within individual viral strains from a DAA-naïve patient infected before the DAA era. These RAMs most 
likely led to therapy failure. In difficult-to-treat patients, baseline sequencing can help in the selection 
of the optimal therapy. 
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Escherichia coli ST131 is a major vehicle for the spread of Extended-spectrum β-lactamase (ESBL) 
worldwide. Retrospective studies suggest that clinical isolates, particularly from clade C/H30R of 
ST131 frequently associated with urinary tract infections (UTIs) and bacteremia. The ESBL production 
of predominant subclade fluoroquinolone-resistant ST131 C2/H30 is conferred by the CTX-M-15 allele 
(H30-Rx). The emergence of another subclade of C1/H30R has been reported in Japan and France, 
which often associated with different CTX-M alleles such as -27, -14. We examine the prevalence of 
the CTX-M-27 allele in our ESBL encoding isolates obtained from livestock, human, companion 
animal, food, and environment in Germany. We observed that the incidences of E. coli ST131 
C1/H30R-blaCTX-M-27 isolate increased 0 in 2010 to 45% in 2016.  
Whole-genome sequencing of a representative subset of 953 ESBL isolates was performed using the 
Miseq/NextSeq 500 platforms and the data was subsequently analyzed using in-house bioinformatic 
platform ASA3P. In silico multi-locus sequence typing (MLST) identified 16.4% (157/953) as of 
sequence type 131 (ST131). Of these, blaCTX-M-15 46% (n=73) was the most prevalent followed by 
blaCTX-M-27 15% (n=24), blaCTX-M-1 19% (n=18), blaCTX-M-14/14b 16% (n=15), and others blaCTX-M-3/47/36 6% 
(n=10). All the 24 isolates harboring blaCTX-M-27 were obtained from the human source, of serogroup 
O25b, and harbored a fimH30.  
Core genome phylogenetic analysis revealed that all blaCTX-M-27 encoding ST131 belong to a distinct 
cluster within the ST131 lineage. Accessory genome analysis identified all the investigated isolates 
harbored a unique prophage-like (M27PP1) region along with F2: A1: B plasmid. Further analysis 
indicated that blaCTX-M-27 allele associated with IS26 resistance cassette. Organization of pathogenicity 
islands, virulence and resistance genes profile was identical in all studied ST131. Our results confirm 
the recent emergence of ST131 subgroup C1/H30R, harboring blaCTX-M-27 allele in Germany and 
reinforce observations made elsewhere. These data suggest an ongoing shift in the ST131 clone 
associated with blaCTX-M-27 alleles that now warrants further attention. 
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Hintergrund: Zwischen 2006 und 2017 stiegen Einsendungen von humanen Staphylokokkenisolaten 
an das NRZ zur Verifizierung der Linezolidempfindlichkeit kontinuierlich an (insgesamt 475 LZD-
resistente Isolate: 371 S. epidermidis, 75 S. hominis, 29 S. aureus). Während wir in über 30% der 
resistenten S. epidermidis Isolate die meist plasmidgebundene mobile genetische Determinante cfr 
nachweisen konnten, die den sog. PHLOPS-Resistenzphänotyp vermittelt, gelang uns der cfr-
Nachweis in keinem der 75 S. hominis Isolate und in nur sechs S. aureus Isolaten. Der Grund für die 
Spezies-spezifisch unterschiedliche Verbreitung des cfr-Gens ist bislang nicht geklärt; vermutlich 
spielen Unterschiede in der Plasmidausstattung der Staphylokokkenspezies eine Rolle.  
Ziel der hier vorgestellten Untersuchungen war, die Charkterisierung cfr-tragender Plasmide aus den 
an das NRZ eingesandten LZD-resistenten, cfr-positiven S. aureus.  
  
Material und Methoden: Alle Isolate wurden einer phänotypischen Resistenztestung unterzogen. 
LZD-resistente Isolate wurden darüberhinaus mittels PCR auf das cfr-Gen überprüft.  
S. aureus Ganzgenomdaten wurden mittels Illumina Sequenzierung (2x300 bp paired-end) generiert. 
Dabei wurde eine theoretische 100-fache Coverage angestrebt. Die initialen Datenanalysen erfolgten 
unter Verwendung der Software Ridom SeqSphere. Für alle Isolate wurden spa- und MLST-Typ 
abgeleitet; darüber hinaus wurden die Genome auf die Anwesenheit relevanter Resistenzgene hin 
überprüft. 
Für Analysen zur Plasmidrekonstruktion wurden die NGS-Rohdaten anhand eines Mappings gegen 
Referenzgenome verwandter klonaler Linien vorab "gefiltert"; chromosomale Genombereiche wurden 
subtrahiert und die verbleibenden, potentiellen Plasmidanteile wurden mit Hilfe der Assembly-pipeline 
a5-Miseq assembliert. Die so generierten Contigs wurden mittels BLAST auf ihre plasmidale Herkunft 
untersucht.  
Parallel dazu wurden die in den Stämmen vorhandenen Plasmide mittels Plasmidverdau und 
Hybridisierung mit cfr-Sonden im Southern Blot analysiert.  
  
Ergebnisse: Die S. aureus Isolate konnten den klonalen Linien CC398 (n=3) und CC30 zugeordnet 
werden (n=3). Bei den Isolaten CC398 handelte es sich um breit resistente MRSA; alle CC30 Isolate 
waren sensibel gegenüber Methicillin und wiesen nur ein begrenztes Resistenzspektrum (über den 
PHLOPS Phänotyp hinaus) auf.  
Die Analyse des Plasmidgehaltes offenbarte eine große Diversität bezüglich Plasmidzahl, -größe und 
Plasmid-gebundener Resistenzdeterminanten. Während ein Isolat ein bereits aus S. epidermidis 
bekanntes konjugatives cfr-Resistenzplasmid trägt, sind die Plasmidstrukturen der anderen Isolate, 
mit Ausnahme der cfr-tragenden Region so bisher nicht bekannt.  
  
Ausblick: Derzeit arbeiten wir an der vollständigen Plasmidrekonstruktion für die in den Isolaten 
enthaltenen Plasmide. Weitere Arbeiten werden sich mit dem Intra- und Interspezies-Transfer der 
identifizierten cfr-Plasmide beschäftigen, um ihre bedingte Spezies-spezifität zu verstehen. 
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Ebola Virus persistence in seminal fluid of Ebola virus disease survivors: a 
longitudinal study and evidence for sexual transmission during the resurgence of the 
disease in Guinea in 2016 
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1Bernhard-Nocht Institute for Tropical Medicine, Hamburg, Germany, 2INSERM U1219, Bordeaux, 
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Université Paris Diderot, Sorbonne, Paris, France, 5World Health Organization, Geneva, Switzerland, 
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Background. Ebola virus (EBOV) persistence in the male reproductive tract and/or in other 
immunologically privileged sites are of public health concern. Objectives. A longitudinal study was 
designed to follow the dynamics of EBOV RNA load in seminal fluid and estimate the clearance 
parameters by using biostatistical modelling. The cohort included 26 men discharged from three Ebola 
treatment units in Guinea between January and July 2015. They were followed for 197 days after 
inclusion, corresponding to 255 days post-onset of disease. A total of 130 seminal fluid specimens 
were collected and analyzed by quantitative real-time EBOV RT-PCR. Specimens from 8 survivors 
were inoculated in immunodeficient mice to test for infectivity. Results. EBOV RNA was found in 86 
semen specimens of 19 (73%) study subjects. The median duration of EBOV RNA detection was 158 
days after onset (IQR 73–181, maximum 407 days). Mathematical modelling revealed a mean 
clearance rate of EBOV RNA from seminal fluid of –0·58 log units per month, although there was 
considerable interindividual variability in the clearance kinetic. The model predicts that 50% and 90% 
of male survivors clear EBOV RNA from seminal fluid at 115 days (90% prediction interval [PI] 72–
160) and 294 days (90% PI 212–399) after onset of disease, respectively. The prevalence of EBOV 
RNA-positive men in the affected countries was predicted to decrease from about 50 in January 2016 
to <1 by July 2016. Mice experiments provided evidence for infectious virus in 15 of 26 (58%) 
specimens tested. Interpretation. Time to clearance of EBOV RNA from seminal fluid is variable and 
may be >13 months. Highlight. We also report on an EVD survivor who showed EBOV in seminal 
fluid 531 days after onset of disease. The persisting virus was sexually transmitted in February 2016, 
about 470 days after onset of symptoms, and caused a new cluster of EVD in Guinea and Liberia. 
Perspectives. These works will assist in decision-making regarding surveillance and preventive 
measures in EVD outbreaks.  
Note, these works have been published under open access, doi: 10.1016/S2214-109X(16)30243-1 
and doi: 10.1093/cid/ciw601. 
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Molecular characterization of extended-spectrum beta-lactamase-producing 
Enterobacteriaceae in asylum-seekers in Rhineland-Palatinate, Germany, 2016-2017 
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for Disease Prevention and Control (ECDC), Stockholm, Sweden, 5Robert Koch-Institute, Berlin, 
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Background  
Colonization with extended-spectrum β-lactamase-producing Enterobacteriaceae (ESBL-PE), 
particularly those also producing carbapenemases (C-PE), is a risk factor for infections with limited 
antimicrobial treatment options. ESBL-PE prevalence in Germany is low (5.6-7.2%) [1] but remarkably 
higher in persons returning from long-distance travel (>30%) [2,3]. In recent years, the influx of 
asylum-seekers raised concerns about an import of ESBL-PE/C-PE into European populations and 
hospitals. We describe the molecular characteristics of ESBL-PE/C-PE in asylum seekers arriving in 
Rhineland-Palatinate.  
Methods  
From April 2016 to March 2017, we expanded mandatory stool testing for enteric pathogens in asylum 
seekers by including ESBL screening of Enterobacteriaceae. Antimicrobial susceptibilities were 
detected by automated testing. Presence of genes encoding ESBLs, AmpC-β-lactamases and 
carbapenemases was tested by PCR and sequencing. Plasmid-encoded colistin/quinolone resistance 
genes, Escherichia coli phylogenetic grouping and sequence type (ST)131 proportion was analysed 
by PCR.  
Results  
In total, 296 of 1,544 samples (19.2%) contained 319 ESBL-PE (317 E. coli, 2 K. pneumoniae). C-PE 
and colistin-resistant isolates were not detected. Additional resistance to ciprofloxacin, gentamicin and 
SXT was detected in 105 (32.9%), 54 (16.9%), and 202 (63.3%) of the ESBL-PE, respectively. 
Molecular screening of the first 200 ESBL-PE isolates revealed presence of CTX-M-group 1 ESBL 
(n=174), CTX-M-group 9 ESBL (n=24) and SHV-ESBL (n=2). Two isolates with CTX-M-group 1 
additionally harboured AmpC enzyme of type CMY-2. Many isolates were positive for quinolone 
resistance genes qnrS1 (n=52), qnrB1/4 (n=4), qnrA1 (n=1 and aac(6’)Ib-cr (n=25). The E. coli-ST131 
proportion was 10.5%.  
Conclusion  
Prevalence of ESBL-PE in asylum seekers exceeds that in the German population, but is lower than in 
Germans returning from long-distance travel. Proportion of plasmid mediated quinolone resistance 
determinants and proportion of E. coli-ST131 is comparable with data of other European studies. 
Sequencing of the dominant blaCTX-M-group 1 genes is planned for comparison with international 
data. 
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Pathogens and antimicrobial resistance in patients with travelers' diarrhea presenting 
at a German tertiary care center 

 
T  Brehm, M.M. Addo, T. Rolling, C.D. Vinnemeier 
University Medical Center Hamburg - Eppendorf, Department of Internal Medicine I. (Gastroentorology 
with Sections Infectious Deseases and Tropical Medicine), Hamburg, Germany 
 
Introduction  
Travelers' diarrhea remains the most frequent health problem in people travelling to less developed 
world regions. In the light of the emerging spread of antimicrobial resistance, travelers are at higher 
risk of acquiring drug-resistant pathogens. The aim of this study was to investigate responsible 
pathogens in travelers returning with diarrhea, and the proportion of intestinal multidrug resistant 
bacteria within the causative organisms.  
  
Patients and methods  
For this retrospective single centre retrospective analysis, case records of 2542 patients presenting 
with gastrointestinal symptoms at the Bernhard Nocht Travel Clinic of the University Hospital 
Hamburg-Eppendorf encompassing the period from January 2009 to May 2016 were revised. Clinical 
data were obtained from medical records and submitted microbiological stool tests were screened for 
bacterial, parasitic and viral pathogens.  
  
Results  
Faecal samples were collected from a total of 1168 patients. At least one pathogen was detected in 
523 (45%), multiple pathogens in 148 (13%) of the patients. In total 73 bacteria, 679 parasites and one 
virus were detected in stool culture, microscopy or molecular biological techniques. Most frequently 
parasitic organisms like Blastocystis hominis (n=307), Giardia lamblia (n=116) and Entamoeba 
histolytica/dispar (n=75) were isolated. Bacterial pathogens included Salmonella enterica (n=22), 
pathogenic Escherichia coli (n=17), Shigella species (n=13), Clostridium difficile (n=10), and 
Campylobacter jejuni (n=6). Nine travelers who returned from South and South-East Asia respectively 
carried extended spectrum beta-lactamase producing Enterobacteriaceae (ESBL-E) with resistance 
against all penicillins and cephalosporins. Five isolates also had additional resistance to 
fluoroquinolones. All samples were susceptible to carbapenems.  
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Conclusions  
Our results show that among returning travelers with gastrointestinal symptoms faecal colonization is 
common and various different pathogens can be isolated. While the majority of patients were 
colonized with potentially pathogenic parasites, causality between colonization and symptomatic 
disease remains unclear. The rate of faecal carriage of bacterial pathogens in general and ESBL-E in 
particular was rather low. Studies that screened patients directly after return have shown ESBL-E 
prevalence of 10-30%. In our study travelers were only tested when they presented with clinical 
symptoms at the travel clinic on their own accord which was oftentimes some weeks after return when 
faecal carriage of ESBL-E is known to decrease. 
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esident alveolar macrophages are depleted early upon influenza virus infection and 
cell death correlates positively with neutrophil recruitment 
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for Infection Research (DZIF), Giessen, Germany 
 
Objective: Resident alveolar macrophage (rAM) depletion has a major impact on disease progression 
in influenza virus (IV)-induced lung injury and acute respiratory stress syndrome (ARDS). Therefore, 
we aim to better understand the time course and molecular pathways which cause rAM death, as 
improving rAM survival poses a potential therapeutic target in order to ameliorate disease severity.  
  
Results: Significant rAM depletion begins on day-3 and is completed upon day-7 post- IV infection, as 
shown by flow cytometric analysis of the bronchoalveolar lavage (BAL) of wild-type C57BL/6 mice. 
Flow cytometric and gene expression analysis have further revealed apoptosis as the main pathway 
responsible for early rAM death -as indicated by significant upregulation of pro-apoptotic factors such 
as Caspase3, Bcl2, Tnfrsf10b- which gradually changes into necrosis upon later stages of the 
infection. Interestingly, in CCR2-/- mice that lack recruitment of circulating macrophages and 
recompense by increasing neutrophil numbers, rAM death and depletion induction shifts to day-2 post-
infection, coinciding with enhanced neutrophil abundance in the bronchoalveolar fluid.  
  
Conclusions: IV infection of wild-type mice results in rapid apoptosis induction in rAM, which in CCR2-/- 
mice has been shown to correlate with neutrophil recruitment to the inflamed alveoli. Blockade of the 
underlying molecular signaling events might improve rAM survival and thus clinical outcomes in IV-
induced ARDS. 
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Antiretroviral Treatment Initiation and Guideline Adherence in the German ClinSurv 
HIV Cohort between 1999-2016: Assessing the Impact of the START Trial in Germany 
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Background:  
Adherence to antiretroviral therapy (ART) guidelines is <100% due to medical reasons and/or 
individual choices of patients and physicians. Our analysis aims to assess guideline adherence in the 
German ClinSurv HIV Cohort and the real-life impact of the Strategic Timing of Antiretroviral Therapy 
(START) study, to identify patients not treated according to new guidelines.  
  
Method:  
We used data from the prospective multicentre German Clinical Surveillance of HIV Disease 
(ClinSurv) cohort of the Robert-Koch-Institute (RKI). Inclusion criteria were HIV positive, ≥18 years old, 
and ART naive at the first visit. Factors associated with initiation of ART were assessed by cox 
regression methods. Adherence was defined as starting ART within six months of crossing the CD4 
threshold suggested by current German-Austrian treatment guidelines.  
  
Results:  
Of 25,353 patients enrolled in the ClinSurv cohort between 1999 and June 2016, 11,817 patients met 
the inclusion criteria. Patients were largely males (79.3%) from European countries (80.5%) aged 48 
years (median; IQR 30-45). The median viral load (VL) and CD4 cell count at first visit were 66,069 
copies/ml and 275 cells/mm3, compared to 88,550 copies/ml and 188 cells/mm3 at the start of ART. 
Patients started treatment within six (64.8%), 12 (6.7%) and 18(4.9%) months after first presentation. 
Preferred ART regimens were NRTI/boosted PI and NRTI/NNRTI (39.9%, n=4,711 and 36.2%, 
n=4,282). The Hazard Ratios towards starting ART for a CD4 cell count <200 and < 350 (ref.: 
>500/mm3) were 5.3 (95% CI 4.66 – 6.06) and 2.51 (2.20 - 2.86); for a VL >100,000 and >1 million 
(ref.: < 10,000) they were 1.28 (1.15 - 1.42) and 1.27 (1.10 – 1.48). The overall adherence rate to ART 
treatment guidelines based on CD4 threshold increased constantly from 2008 until 2015 (Figure1), 
indicating a potential increase in patients, with treatment indication, starting ART within six months of 
presentation from 56% in 2008 to 93% in 2015.  
 
Conclusion:  
The majority of patients below the CD4 threshold of applicable guidelines received treatment within six 
months of presentation. Based on our observation we can state, that a considerable share of newly 
presenting patients was affected by results of the START trial in 2015. However, we observed a slowly 
diminishing proportion of patients not starting ART timely, despite a CD4 count under the 
recommended threshold.  
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Adherence to the German-Austrian ART guidelines, considering patients with and without treatment indication within the first six 
months after the first visit. *Not recommended, but acceptable according to experts opinion. 
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IFN-free DAA therapy does not fully re-constitute the altered phenotype and function 
of HCV-specific CD8+ T cells but immune check-point inhibitions can selectively re-
invigorate the functionality during chronic HCV 
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Biomedical Research School (HBRS)., Hannover, Germany 
 
Hepatitis C virus (HCV) persists and sets-up chronicity in majority of infected patients. Fortunately, 
new IFN-free direct-acting antiviral (DAA) therapies result in rapid and sustained clearance of HCV 
from infected patients. Owing to the rapid cessation of HCV replication and the ensuing abrupt 
clearance of viral antigens mediated by IFN-free DAAs, we aimed at investigating the possible 
repercussions thereof on exhausted HCV-specific CD8+ T cells during chronic hepatitis C. By 
employing multimer-based magnetic bead enrichment technique to analyze HCV-specific CD8+ T cells 
ex-vivo, we could show that unlike activation markers that decreased, surface expressions of co-
regulatory markers remained unaffected following HCV clearance. Upon 10 day peptide stimulation in-
vitro, the overall frequency of dextramer positive CD8+ T cells increased from baseline to 24 weeks 
after treatment. At an individual level, however, the increases in proliferation only occurred in a 
relatively reduced fraction (45%) of patients. In addition, cytokines secretion and degranulation of 
HCV-specific CD8+ T cells remain impaired following HCV clearance. Importantly, however, blockade 
of PDL1 pathway as well as PDL1/TIM3 double blockade resulted in enhanced proliferation and 
cytokine secretion by HCV-specific CD8+ T cells after IFN-free DAA therapy. Interestingly, HCV-
specific CD8+ T cells that did not show increase in proliferation upon peptide stimulation alone could 
preferentially increase their proliferation and cytokine secretion upon blockade of PDL1 pathway. This 
effect correlated with the expression of Tcf-1by HCV-specific CD8+ T cells. Taken together, our data 
implies that despite rapid HCV clearance, IFN-free DAA therapy does not fully re-constitute the altered 
phenotype and function of HCV-specific CD8+ T cells in chronic HCV. These findings may have 
implications in case of re-exposure with HCV 
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A new antiviral approach – Inhibition of RNA viruses depending on eIF4A-dependent 
translation by the natural compound Silvestrol 
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The recent Ebola virus (EBOV) outbreak in West Africa reinforces the need to develop new drugs with 
broad-spectrum antiviral activities targeting newly emerging and re-emerging viruses. In this context, 
we performed studies focusing on the natural compound silvestrol, a potent and selective inhibitor of 
the DEAD-box RNA helicase eIF4A. The enzyme is considered a promising antitumor target, mainly 
because its double-stranded RNA unwinding (helicase) activity was revealed to be essential for the 
translation of several 5'-capped protooncogene mRNAs featuring highly structured and GC-rich 
5´UTRs. Interestingly, such extensive RNA secondary structures can also be found in the 5'UTRs of 
mRNAs of many minus-strand and plus-strand RNA viruses, suggesting critical functions for eIF4A in 
the genome expression of these viruses. In line with this, we observed strong antiviral activities of 
silvestrol (at low nanomolar concentrations) in vitro using EBOV-infected Huh-7 cells and primary 
human macrophages (Biedenkopf et al., 2016). In subsequent studies, we were able to show that 
silvestrol also has potent antiviral activities against coronaviruses, such as human coronavirus 229E 
(EC50 = 3 nM) and MERS coronavirus (EC50 = 1 nM), in both Huh-7 and MRC-5 cells, as shown by 
reduced virus titers, diminished viral RNA and protein accumulation, and impaired formation of viral 
replication/transcription complexes. Anticoronaviral activities of silvestrol in the low nanomolar range 
could also be confirmed using human peripheral blood mononuclear cells and primary human alveolar 
epithelial cells. In contrast, significantly higher silvestrol concentrations were found to be required to 
block the replication of representative picornaviruses (human rhinovirus 1A, poliovirus), the latter 
employing internal ribosomal entry mechanisms for translation initiation (HRV: EC50 = 100 nM; PV: 
EC50 = 20 nM). Based on these data and given the important and conserved function(s) of eIF4A in 
cellular and viral mRNA translation, this host factor is suggested to be an attractive novel antiviral 
target with a limited risk of rapidly emerging drug-resistent virus mutants.  
  
Reference: Biedenkopf N, Lange-Grünweller K, Schulte FW, Weisser A, Müller C, Becker D, Becker S, 
Hartmann RK, Grünweller A. 2016. The natural compound silvestrol is a potent inhibitor of Ebola virus 
replication. Antiviral Res 137:76-81. 
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Suppressive capacity of PMN-MDSC is lost in advanced stages of HIV-1 infection 
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Among immunosuppressive cells, myeloid-derived suppressor cells (MDSC) have been described as 
a group of immature cells which inhibit function of T lymphocytes in chronic diseases. Previously 
published data of our group showed significantly higher polymorphonuclear MDSC (PMN-MDSC) 
frequencies in patients with chronic HIV infection (PR= progressor) than in uninfected controls (HC= 
healthy controls). In the present study, we analyzed the suppressive capacity of PMN-MDSC in 
various diseases and disease stages and correlate this to immune activation, immune inhibition and 
effector function of CD8 T cells.  
 
Magnetic bead and FACS isolated PMN-MDSC were coincubated with peripheral blood mononuclear 
cells (PBMC) of HIV uninfected individuals and non-specific stimulus. We then analyzed the 
suppressive capacity of PMN-MDSC in individuals of 4 groups (PR, controller (CO), HC, patients with 
advanced lung cancer (BRO)). At the moment we analyze the surface expression of CD38, HLA-DR, 
PD-1 and polyfunctionality (production of interferon-gamma, TNF-alpha, IL-2 and CD107) of HIV-
specific CD8 T cells as well as plasma markers of immune activation (IL-6, IL-8, sCD14, cystatin C) in 
order to correlate them with the suppressive capacity of PMN-MDSC.  
  
PMN-MDSC levels in PBMC of the 4 study groups ranged from 0.23-14.41% in the PR group to 0.09-
0.44% in the CO group. PMN-frequencies were significantly higher in PR than in CO (p=0.01) and HC 
(p=0.04) but were comparable to BRO (p=0.77). Isolation of PMN-MDSC by magnetic and 
subsequently FACS sorting revealed high purities (median 90%), even in the presence of extremely 
low frequencies in PMBC. Coincubation experiments with PMN-MDSC led to significant inhibition of 
CD8 T cell proliferation. As far as our data show, the suppressive capacity of all groups was similar 
(p>0.17). Interestingly, there was a significant correlation between PMN-MDSC frequency and 
suppressive capacity in all groups combined: the higher the frequency the lower the suppressive 
capacity (r2=0.2, p=0.045). Thus, we further stratified all study subjects in two subsets with PMN-
MDSC frequencies above or below 2.5% and observed significantly higher suppressive capacity in 
patients with frequencies below 2.5% (p=0.01). Correlations of suppressive capacity of PMN-MDSC 
with CD8 T cell function and markers of immune activation are under way.  
  
PMN-MDSC inhibit CD8 T cell function comparably in various diseases, disease stages and healthy 
controls up to a certain level of these cells. Patients with advanced stages of HIV infection or lung 
cancer were shown to have especially high levels of PMN-MDSC which lost their suppressive 
capacity. Therefore we can demonstrate here that also this cell type loses its function in progressive 
HIV infection as has been shown e.g. for CD8 T cells. A correlation to immune activation will be 
extremely interesting in order to assess if the hyperactive immune state is associated with this loss of 
function. 
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Enveloped virus families Filovidirae, Arenaviridae, Rhabdoviridae, Coronaviridae, Togaviridae, 
Flaviviridae and Bunyaviridae enter host cells via endosomal trafficking and an acidic pH-dependent 
early or late fusion event between viral envelope and host endosomal membrane. The lack of effective 
antiviral treatment or vaccination makes novel antiviral drug development necessary in order to 
alleviate morbidity and mortality in epidemics. Cationic amphiphilic drugs (CADs) were found to have 
broad antiviral properties but there are also concerns about adverse effects in host cells, such as 
drug-induced phospholipidosis. Nevertheless, the antiviral mechanism of action and structure-function 
relationship of CADs is yet unclear. In this project, we aim to identify candidates with high, 
intermediate, and low antiviral activity levels for structure-function analysis with the goal to identify 
structural determinants of CAD antiviral activity.  
  
Concentration-dependent inhibition of viral entry by the prototypical antiviral CAD amiodarone was 
determined in human endothelium/lung hybrid (EAhy 926) cells with lentiviral particles harboring 
envelope glycoproteins of Lassa virus (LASV), Guanarito virus, Marburg virus, vesicular stomatitis 
virus or chikungunya virus as well as a luciferase reporter gene. Upon determination of the best-suited 
pseudovirion for our drug screening system, we determined the specific IC50 of amiodarone. These 
parameters were then tested on EAhy 926, HEP-3B and HeLa cells for selection of a host cell line. 
Simultaneously, cytotoxicity was validated. With these defined conditions a single-point assay was 
established facilitating screening of a panel of CADs with various physicochemical properties.  
  
Standardization of molar concentration to apply to all CADs in the screen was performed by 
cytotoxicity and viral inhibition assays using amiodarone. For amiodarone, IC50 = 5 µM and CC50 = 
28.7 µM were determined. Thus, we chose 5 µM as an optimal single-point CAD concentration. The 
cell line EAhy 926 was selected for subsequent assays due to its wide susceptibility to all tested 
pseudoviruses. In specific, MARV showed a high transduction frequency and clear inhibition by 5 µM 
amiodarone, and was picked as representative amiodarone-sensitive pseudovirus. In an initial single-
point screening experiment we evaluated 14 out of a panel of 47 CADs, of which four showed antiviral 
activity similar to amiodarone. Furthermore, these four candidates did not show a cytotoxic effect on 
host cells.  
  
In conclusion, a single-point drug screening assay based on infection of EAhy 926 host cells with 
MARV was established to evaluate antiviral activity of CADs. Initial experiments indicate that there are 
differences among CADs with regard to their antiviral potency. Subsequently, drug-induced 
phospholipidosis has to be monitored aiming to evaluate host cell effects of CADs. Continuing from 
this point, initial structure-function dependencies will be presented. 
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Different prevalences of HCV resistance-associated substitutions within NS5A of 
genotype 4 and implications for treatment 
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Background: The numbers of patients with a chronic hepatitis C virus (HCV) genotype (GT) 4 infection 
is currently increasing in Europe. Several direct acting antivirals (DAAs) are approved for treatment of 
genotype 4 targeting the HCV NS3, NS5A and NS5B proteins. However, the number of clinical studies 
investigating patients with GT4 is low and the prevalence and relevance of RASs (resistance-
associated variants) in DAA-naïve and –experienced patients for a DAA treatment is largely unknown.  
Methods: We collected serum samples of 124 DAA-naïve and 55 DAA-experienced patients infected 
with GT4. PCR amplification and population-based sequencing of NS3, NS5A and NS5B genes was 
conducted and NS5A RASs were considered as relevant if they were associated with treatment failure 
or were shown to confer a >2-fold changed drug susceptibility in comparison to the reference strain. 
HCV subtypes were determined based on NS3 and NS5B sequences. 
 
Results: HCV infection occurred with subtypes 4d (n=90, 50%), 4a (n=56, 32%), 4r (n=18, 10%) and 
the minor subtypes 4b, 4c, 4g, 4l, 4m, 4n, 4o and 4v (n=15, each <2%). The frequencies of subtypes 
4d and 4a were comparable in DAA-naïve versus –experienced patients (4d: 56% and 38%; 4a: 34% 
and 26%, respectively). However, the prevalence of subtype 4r increased from 4% (n=5) at baseline to 
24% (n=13) after failure to an NS5A inhibitor regimen. Patients infected with subtypes 4a and 4d had 
at maximum one NS5A RASs before treatment initiation. L28V was detected in 21% of subtype 4a 
isolates and the natural variant L30R was highly prevalent in 95% of subtype 4d strains and both 
RASs conferred only low- to medium-level resistance. In contrast, all subtype 4r isolates typically 
harbored at least two or three RASs already at baseline and combinations of L28M/V (80%), L30H/R 
(100%) and M31L (100%) conferring resistance to all NS5A inhibitors were characteristic. 
Interestingly, the overall number of NS5A RASs was significantly higher in subtype 4r compared to 
subtypes 4a and 4d at baseline as well as after treatment failure (P<0.05).  
Conclusions: Patients infected with subtypes 4a and 4d mainly had one preexisting NS5A RAS. After 
DAA failure, subtype 4r was more frequently detected compared to DAA-naïve individuals. As subtype 
4r typically harbors two or more NS5A RASs already at baseline this may be associated with a 
reduced treatment response to NS5A inhibitors. 
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Wild birds play an important role as reservoir hosts and vectors for zoonotic pathogens and their 
transmission. For several years we have therefore monitored migratory and resident birds by 
systematically setting up a German nation-wide wild bird surveillance network for zoonotic arthropod-
borne virus infections like flaviviruses and alphaviruses.  
Special emphasis is laid on zoonotic flaviviruses, like West Nile virus (WNV) and Usutu virus (USUV). 
WNV is a mosquito-borne viral pathogen of global importance. There have been WNV cases in 
humans and horses particularly in the south of Europe which often were associated with the major 
flyways of migratory birds. Until now WNV was not detected in Germany, but an incursion is possible.  
USUV is a close relative to WNV, which was introduced to Southern Europe approximately twenty 
years ago and has caused epizootics among wild and captive birds. USUV was first time detected in 
the Upper Rhine Valley in the year 2011 where it caused a massive die-off in Common blackbirds 
(Turdus merula) and is circulating since then in different regions of the country.  
In 2016 a dramatic increase in the number of USUV positive birds could be detected, in the Northern 
parts of North-Rhine Westphalia up to the Dutch border and in the region of Halle / Leipzig with new 
cases showing in the Berlin area. In total, 72 USUV cases (dead birds) were diagnosed in 2016, which 
were primarily Common blackbirds, but also Great grey owls (in zoological gardens).  
The unique German wild bird surveillance network includes 21 different collection sites, representing 
veterinary bird clinics, falconries and bird shelters, from which 1,967 blood samples from different wild 
birds (living birds) belonging to 20 bird orders were collected between the years 2014 to 2016 and 
tested by molecular (qPCR, NGS) and serological methods. Serum samples from over 1,900 living 
birds were tested for antibodies against USUV and WNV using a virus neutralization assay. 
Neutralizing antibodies to USUV were detected mainly in resident wild birds while WNV antibody-
positive birds were mid- or long-distance migratory birds.  
For example, 81% of the USUV positive birds were resident birds in 2015. 
In comparison to the previous years the number of USUV antibody-positive wild birds has increased, 
which may indicates the formation of herd immunity. 
Wild bird and mosquito monitoring programs are essential to reveal zoonotic virus incursions and 
hence allow infection risk assessments concerning zoonotic pathogens. 
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Bacteria that colonize and infect the human body have adapted well to our immune defenses. The 
particular case of Staphylococcus aureus is noteworthy as it can be a normal commensal but also a 
pathogen. Indeed, S. aureus developed mechanisms to resist, in particular, to host cationic 
antimicrobial peptides (CAMPs). With a general negatively charged surface, S. aureus repulses 
CAMPs by decorating the cell surface with positively (or neutral) residues. As examples are: a) the 
incorporation of L-lys to phosphatidylglycerol by MprF; b) the D-alanylation of teichoic acids by DltA-D; 
c) the amidation of the peptidoglycan by GatD/MurT. Accordingly, S. aureus mutants of these proteins 
are more susceptible to CAMPs and have reduced capacity to cause infections in animal models.  
We focus on the screening of molecules that sensitize S. aureus or other healthcare-associated 
pathogens to CAMPs. Targeting non-essential proteins is thought to result in a lower emergence of 
resistance and thus having a better outcome for clinical use. Our approach includes the growth of 
bacteria with non-inhibitory concentration of a CAMP-like antibiotic (daptomycin) together with a library 
molecule. Compounds that inhibit targets involved in CAMPs resistance will affect bacterial 
susceptibility to daptomycin and growth will be reduced.  
Three unrelated libraries of compounds were screened: a) 143 natural compounds from myxobacteria 
provided by the Helmholtz Institute for Pharmaceutical Research, Saarland; b) the VARious sources of 
synthetic compounds Library (VAR) comprising 3344 compounds and c) the Library of 
Pharmacologically Active compounds (LOPAC) with 1408 drugs.  
From the myxobacteria library, myxovirescin A was identified as an interesting candidate. We show 
that S. aureus is more susceptible to non-inhibitory concentrations of several cationic antimicrobials, 
such as daptomycin, polymyxin B, and gallidermin only in the presence of myxovirescin A and not with 
other type of antibiotics. Myxovirescin has been found to inhibit the Escherichia coli lipoprotein signal 
peptidase II (Lsp). We confirmed that inhibition in S. aureus but Lsp inhibition alone did not led to 
susceptibility to CAMPs suggesting that myxovirescin A may have one of the CAMP resistance 
proteins as a second target.  
High-throughput screening of the VAR library resulted in 28 putative hits. From these, only 14 showed 
concentration-dependent activity and will be further studied.  
From the LOPAC library around 35 drugs were synergistic with daptomycin and the vast majority were 
dopamine-receptor antagonists. The relationship between these antagonists and daptomycin 
susceptibility is under investigation.  
Taken together our strategy allowed us to identify around 50 putative compounds (1% of the total 
amount of molecules screened) that are under further analysis to specifically look for inhibitors of 
proteins involved in CAMPs resistance. A further screening with new libraries is under investigation. 
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Annual influenza epidemics and occasional pandemics pose a severe threat to human health. Host 
cell factors required for viral spread but not for cellular survival are attractive targets for novel 
approaches to antiviral intervention. The cleavage activation of the influenza virus hemagglutinin (HA) 
by host cell proteases is essential for viral infectivity. We showed that deletion of a single HA-
activating protease gene, Tmprss2, in knock-out (KO) mice inhibits spread of mono-basic H1N1 
influenza viruses, including the pandemic 2009 swine influenza virus. Lung pathology was strongly 
reduced and mutant mice were protected from weight loss, death and impairment of lung function. 
Also, after infection with H3N2 influenza A virus, body weight loss and survival was less severe in 
Tmprss2 KO mutant compared to wild type mice. Deletion of another protease gene, Tmprss4, in 
single KO mice did not protect mice from body weight loss and death upon infection with H3N2 
influenza virus. However, Tmprss2-/-Tmprss4-/- double KO mice showed remarkably reduced virus 
spread and lung pathology in addition to reduced body weight loss and mortality. Deletion of the host 
protease Tmprss11d had only a minor effect on survival and viral replication in KO mice. Modifications 
in the HA loop and interacting amino acids influenced viral replication and pathology in Tmprss2 KO 
mice. In conclusion, our results identify host proteases as potential drug targets for anti-viral therapy. 
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Allogeneic stem cell transplantation and solid organ transplantation are curative treatments for a 
variety of diseases. The prevention of graft rejection as well as graft versus host disease through 
immunosuppressive medication is an inherent necessity of this therapeutic approach. This forced state 
of immune deficiency, however, leaves the transplant recipient susceptible to infections such as the 
highly prevalent cytomegalovirus, Epstein-Barr virus and adenovirus. In the immunocompetent host 
these viruses are typically well controlled, however in the immunocompromised host they regularly 
cause life-threatening conditions.  
Conventional therapy of post-transplant viral infections is typically limited to guanine analogues and 
foscarnet. These drugs are not only of limited efficacy and increasingly associated with resistance, but 
also induce treatment-limiting toxicities and graft rejection. Consequently, there is a clinical need for 
alternative therapeutic strategies.  
In a number of recent clinical studies, we and others have shown that direct adoptive cell transfer 
(ACT) of highly purified donor-derived virus-specific T cells is a powerful tool for the restoration of viral 
immunity (e.g. Schmitt et al, Transfusion 2011). Importantly, ACT targeting viral infections have 
demonstrated a high grade of safety (Peggs et al, Clin.Infect.Dis. 2011). A bottleneck of this approach 
is that defined epitope-specific T cells cannot be derived from each donor. Furthermore and perhaps 
most importantly, this method cannot be performed with seronegative transplant donors.  
ACT using TCR-engineered cells would be independent of the donor’s serological status. 
Furthermore, this approach allows to apply a previously in-depth characterized TCR with proven 
functionality for therapy. A critical challenge for this therapeutic strategy, however, is the identification 
of suitable TCRs. Several studies have identified TCRs targeting chronic viral infections such as CMV 
(e.g. Weekes et al, J.Virol. 1991), however the identified TCRs were often individual examples, 
derived from highly variable contexts, devoid of demonstrated in vivo functionality.  
In contrast to these approaches, we have established a high-throughput TCR identification platform 
that facilitates the generation of a comprehensive library of virus specific TCRs. Concomitantly, we 
transgenically express these TCRs permitting the assessment of the functionality of the engineered 
cell product using the Koff-rate assay (Nauerth et al, Sci.Transl.Med. 2013), in addition to other 
functional assays.  
Currently, we are isolating and characterizing virus-specific TCRs from seropositive donors as well as 
from clinical trial ACT donors and respective patients, which were able to control viral reactivation 
post-transplant. Using this approach, we aim to extract protective TCRs whilst simultaneously gaining 
highly valuable and unprecedented insights into the virus-specific T cell response in these patients. 
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Lassa fever (LASF) is a hemorrhagic fever caused by Lassa virus (LASV), an Arenavirus endemic in 
West Africa. Standard of care is the nucleoside analogue ribavirin. However the therapeutic window is 
very small and one third of patients with LASF die despite ribavirin treatment. This points to a great 
need to find better treatment options for LASV infections.  
  
We developed a novel, immunocompetent mouse model that allows us to better understand the 
underlaying pathophysiological changes during the infection and to test the efficacy a drugs against 
LASV. Transplantation of wild-type bone marrow cells into irradiated type I interferon receptor 
knockout mice was used to create chimeric mice that reproduce important features of of severe LASF 
in humans. In this mouse model, T-cell mediated immunopathology was a key component of LASF 
pathogenesis that was directly correlated with vascular leakage. Additionally we observed a strong 
increase in proinflammatory cytokines like TNF α  
  
Here we show the results of the modulation of different key players of the host immune response to 
treat LASF, among them TNF α, PD1 and CTL-4. Additionally we evaluated the efficacy of FX-06, a 
Fibrin Bbeta chain derived peptide that is used as a potential agent against plasma leakage both alone 
and in a combination with Ribavirin or T-705, a potent inhibitor of viral replication. 
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Finding a cure for HIV-infection remains a high priority goal in HIV/AIDS research. Current 
combination antiretroviral therapy (cART) efficiently suppresses HIV-1 in patients, but cannot clear the 
virus. However, provirus inactivation or excision may be achieved by novel genome editing 
technologies. For example, Broad Range Recombinase 1 (Brec1) has been shown to physically 
remove the integrated provirus from infected cells with high precision. Antiviral activities have been 
demonstrated in HIV-infected cell cultures as well as in HIV-infected humanized mice. In particular, 
Brec1 has high potential for clinical application as a curative HIV-1 therapy, since Brec1 specifically 
recognizes most HIV-1 primary isolates.  
  
The adeno-associated virus (AAV) vector system is currently considered as one of the most promising 
vector systems for gene therapy. AAV vectors transduce dividing and non-dividing cells, show low 
immunogenicity, high stability and titer. The unique feature of wildtype AAV to preferentially integrate 
into adeno-associated virus integration site 1 (AAVS1), a safe harbor for transgene integration on 
chromosome 19, is mediated by the viral Rep protein. However, to increase the otherwise low 
transgene packaging capacity, the rep coding sequence is deleted from AAV vector constructs. 
Therefore, the Rep protein has to be delivered in trans to initiate site specific vector integration. 
Consequently, we developed a dual vector system comprised of an AAV vector encoding Brec1, and a 
Rep encoding vector. This novel Dual-AAV vector system shows efficient co-transduction of various 
cell types and Brec1 induced antiviral effects in vitro. We are currently establishing a protocol for 
detection of site-specific vector integration at AAVS1.  
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Epstein-Barr virus infection is associated with severe malignancies including post-transplant 
lymphoproliferative disorders in the immunosuppressed transplant patient. Still there is no drug 
available that specifically counteracts EBV-induced pathogenesis. B-cell transformation by Epstein-
Barr virus is dependent on its oncoprotein latent membrane protein 1 (LMP1). LMP1 deregulates 
intracellular signaling pathways such as NF-kappaB by recruiting several members of the cellular TNF 
receptor-associated factor (TRAF) protein family to its transformation effector sites (TES) 1 and 2, also 
called C-terminal activating regions (CTAR) 1 and 2. The aim of this project is the development of 
small molecule inhibitors for critical LMP1::TRAF protein-protein interactions (PPIs). To identify such 
inhibitors we first established automated high throughput screening (HTS) technology for the 
LMP1(CTAR1)::TRAF2 interaction meeting industry standards. The assay is based upon AlphaScreen 
technology using recombinant GST-LMP1(181-386) and 6xHis-tagged TRAF domain of TRAF2. So 
far, we performed several high-throughput screenings (total approx. 380,000 compounds) with the 
LMP1(CTAR1)::TRAF2 assay resulting in two qualified hit compound series that are currently 
undergoing hit-to-lead optimization. Due to contractual obligations, current status of only one of the 
two compound series can be presented. The EN254 series of LMP1::TRAF2 inhibitors underwent 
several rounds of structural activity relationship evaluation using commercial derivatives, which 
revealed a compound cluster around the original hit and an improved IC50 of 7.1 µM. Specificity for 
TRAF2 and other TRAF binding receptors was tested. Molecular modeling revealed binding of EN254 
to the LMP1 binding site of TRAF2. The improved EN254 derivative Z370 induced cell death in EBV-
transformed B-cells with an EC50 of 9.9 µM.  
  
To target CTAR2 of LMP1 we characterized the interaction of TRAF6 with this domain in in vitro 
studies including peptide blot binding assays, pulldown assays, AlphaScreen assays and ultimately 
confirmed this interaction by NMR studies. TRAF6 point mutants that fail to bind to LMP1 in vitro are 
also unable to rescue CTAR2-induced NF-kappaB activity in TRAF6-/- cells. Therefore, direct 
interaction of TRAF6 with LMP1 is critical for CTAR2 activity and may serve as a new target structure 
for inhibitors. HTS technology was developed also for the LMP1(CTAR2)::TRAF6 PPI. Assay and 
target where validated by a RANK-derived TRAF6 inhibitory peptide that effectively blocks LMP1 
interaction with TRAF6 in the screening assay. As a next step we transferred the assay to an 
automated high throughput format with high signal to background ratio and an excellent Z’ factor of 
>0.8. The LMP1(CTAR2)::TRAF6 HTS assay will be applied to screen for small molecule inhibitors of 
this interaction, which are expected to block critical LMP1 functions and, thus, cell transformation by 
EBV. 
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The C-C motif chemokine receptor (CCR5) is the main HIV co-receptor mediating initial infection and a 
promising target for HIV gene therapy approaches. Our lab recently developed a novel TAL effector 
nuclease (CCR5-Uco-TALEN), which facilitates high CCR5 knockout rates (> 60%) in primary T cells, 
while showing low toxicity and off-target activity at the most likely off-target site, C-C motif chemokine 
receptor 2 (CCR2). Moreover, no gene editing frequencies were found at the second most likely off-
target site in an exon of Mucin 16 (MUC16).  
  
In order to confirm the good safety profile of our CCR5-Uco-TALEN, we identified in-silico 8 additional 
potential off-target sites. Gene-editing frequencies at these 10 potential off-targets (incl. CCR2 and 
MUC16) as well as the on-target CCR5 were quantified by next generation amplicon sequencing of 10 
human DNA samples (8 samples treated with both TALEN arms, 2 controls). DNA samples had been 
isolated from primary T cells 3-12 days after electroporation with CCR5-Uco-TALEN mRNA of one or 
both TALEN arms. Preparation of libraries, next generation amplicon sequencing and bioinformatics 
were performed by the service provider Microsynth AG.  
  
Only two out of the 10 potential off-target sites, CCR2 and Glypican Proteoglycan 5 (GPC5), were 
found to be definite off-targets. For CCR2, which shares a high sequence homology (84%) with CCR5, 
1.4% of the overall reads showed insertions or deletions (Indel) at the TALEN-binding site. These 
observations are in good accordance with our previous findings for CCR2 off-target activity between 
1.13-6.24% depending on the amount of transfected CCR5-Uco-TALEN mRNA. GPC5 exhibits lower 
Indel frequencies with only 0.13% at the TALEN-binding site, which lies in a non-coding region of the 
gene. Two additional potential off-targets, RAPGEF2 (intergenic) and LDOC1 (intergenic), showed 
gene-editing frequencies barely above the background in single, but not all tested samples. Next 
generation amplicon sequencing data of the other 6 potential off-target sites showed no evidence for 
CCR5-Uco-TALEN activity.  
  
To conclude, these results further underline the good safety profile of our CCR5-Uco-TALEN. In line 
with our other preclinical data, these findings promote the translation of our project towards clinical 
application in the near future. 
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Background: While human polyomavirus infections are highly prevalent in the healthy population, four 
of the fourteen hitherto known human virus family members, BKV, JCV, MCPyV and TSPyV, are 
associated with severe diseases under immunosuppression. While TSPyV and MCPyV induce rare 
skin disease, BK and JC virus reactivation/infection are of major concern in transplant patients and 
other patients receiving immunosuppressive therapy. Uncontrolled BKV replication causes two major 
diseases, hemorrhagic cystitis after bone-marrow transplantation (PVHC) in 5-15% of allogenic 
transplant patients and polyomavirus-associated nephropathy (PVAN) after kidney transplantation in 
5-10% of kidney transplant recipients. Since there are no specific antiviral drugs available the main 
treatment of BK viremia is reduction of immunosuppression at the expense of an increased risk of 
graft rejection.  
The aim of this study is to identify and improve inhibitors active against BKV infection. BKV and JCV 
are both highly related to simian virus 40 (SV40) as determined by nucleotide sequence homology and 
amino acid identity within the early gene product Large T-Antigen (LT) and the structural protein VP1. 
Due to difficulty involved in efficiently propagating BKV and JCV, we used SV40 in a primary screen 
as a surrogate virus to identify small molecule inhibitors active against human polyomaviruses 
infection.  
  
Results: We established a reporter screen in a SV40 permissive cell line suitable for high throughput 
screening based on morphological changes induced by the virus. The screen takes advantage of a 
cytopathic effect, cell lysis, occurring in cells efficiently infected with SV40. Sensor cell lines with a 
stable integrated RFP reporter cassette were generated and optimal screening conditions (moi, single 
cell clone selection, time point of infection and time point of inhibitor addition) were established using 
inhibitors (e.g. Cidofovir) active against PyV. First screening results of 30,000 compounds will be 
presented.  
In addition, to test the specificity of the identified inhibitors in inactivating human PyVs, BKV and JCV, 
we established a secondary reporter screen, which takes advantage of the high expression of BKV 
expressed miRNA during viral replication. We generated a sensor cell lines with a stable integrated 
GFP reporter cassettes sensitive to BKV miRNA expression in immortalized human fibroblasts. 
  
Conclusion: We successfully established a cell based high throughout applicable reporter screen 
sensitive to SV40 infection and secondary BKV specific screens, which will allow us to screen small 
molecule inhibitors for their activity in inhibiting not only SV40 but also the clinically relevant human 
polyomavirus infections, BKV and JCV. 
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Coronaviruses (CoVs) are important human and animal pathogens that induce mild to fatal respiratory, 
gastrointestinal and neurological disease. The outbreak of the Severe Acute Respiratory Syndrome 
(SARS) in 2002/2003 and the appearance of MERS-CoV in 2013 had demonstrated vulnerability of 
the human population to CoV epidemics. Although desperately needed, neither vaccines nor 
therapeutics are available blocking CoV infection in human and animals. We reasoned that knowledge 
of host cell proteins that take part in pivotal functions of the virus-host interplay and the inhibition of 
these interactions should define broad-spectrum antiviral cellular targets. Screening the SARS-CoV 
orfeome against human cDNA libraries by unbiased yeast-2-hybrid screening methods we recently 
had identified coronavirus proteins as interaction partners of human cyclophilin proteins. 
Consequently, we showed that Cyclosporin A (CsA) inhibits the replication of human and in part of 
animal coronaviruses (Pfefferle et al., 2011, PLoS Pathog 7(10), e1002331; Carbajo-Lozoya et al., 
2012, Virus Res 165(1), 112-117; von Brunn et al., 2015, COV14, 56-61; von Brunn et al., submitted). 
Now we demonstrate that Alisporivir, NIM811 as well as novel non-immunosuppressive derivatives of 
Cyclosporin A strongly inhibit the growth of human and animal coronavirus at low micromolar, non-
cytotoxic concentrations in cell culture. We show that virus replication is diminished by several orders 
of magnitude to background levels. In an accompanying abstract Acosta and Bartenschlager describe 
inhibition of Zika virus replication by Cyclosporin D and Alisporivir supporting the notion of the broad-
spectrum antiviral potential of non-immunosuppressive cyclophilin inhibitors. These findings provide 
new strategies for urgently needed therapeutic approaches against newly emerging virus infections.  
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Screening for antivirals targeting the human cytomegalovirus alkaline nuclease using 
a high-throughput system 

 
T.I. Potgieter, A. Caceres-Nuñez, E. Ostermann, W. Brune 
Heinrich-Pette-Institut, Leibniz-Institut für Experimentelle Virologie, Hamburg, Germany 
 
Human cytomegalovirus (HCMV) is a herpesvirus with a high prevalence. It is a leading cause of 
congenital damage in neonates as well as serious disease in immunocompromised patients. Current 
treatment of HCMV largely focuses on interfering with viral DNA replication; however side effects are 
common and viral strains resistant to these treatments have been reported, indicating a need for new 
viral therapeutic targets. One such target is the viral alkaline nuclease, a conserved herpesvirus 
enzyme. In HCMV, it is encoded by the UL98 gene. UL98 inactivation severely reduces viral 
replication, suggesting that this protein is a suitable target for antivirals. In order to confirm this 
necessity of UL98 in viral replication we generated a variety of UL98-GFP mutants containing 
mutations within the UL98 active site via BAC mutagenesis and analyzed their growth in vitro. To 
screen for inhibitors of UL98 we first expressed the viral UL98 in E.coli and purified it. We then 
established a fluorescence-based high-throughput screening system which makes use of a DNA 
oligonucleotide substrate coupled to a fluorophore and a quencher. Upon degradation by the purified 
viral nuclease, fluorophore and quencher are separated resulting in an increase in detectable 
fluorescence. As a proof of principle we show that UL98 nuclease activity is inhibited in this system by 
a known inhibitor, Atanyl Blue PRL (Acid Blue 129), in a dose-dependent manner. Using this system 
allowed us to screen a small-molecule compound library for inhibitors of UL98, with a variety of 
reporter substrates used to further confirm identified potential inhibitors and to roughly explore the 
mechanism of their inhibition. We will also set up similar assays for alkaline nucleases of other 
medically relevant herpesviruses. 
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Analysis of the IFN-alpha treatment response, HCC risk and mortality of HDV infected 
patients at different levels of HDV replication 

 
J.-H. Bockmann1, M. Lütgehetmann2, J. Blöcker1, J. Von Felden1, M. Wehmeyer1, K. Giersch1, C. 
Scheurich1, M. Dandri1, S. Lüth3, A.W. Lohse1, J. Schulze zur Wiesch1 

1Dept. Internal Medicine, University Medical Hospital Hamburg-Eppendorf, University of Hamburg, 
Hamburg, Germany, 2Institute of Microbiology, Virology and Hygiene, University Medical Hospital 
Hamburg-Eppendorf, University of Hamburg, Hamburg, Germany, 3Dept. Internal Medicine, Medical 
University Brandenburg, Neuruppin, Germany 
 
Background: Untreated chronic hepatitis delta virus (HDV) infection often leads to severe chronic 
hepatitis and cirrhosis. Pegylated-Interferon-alpha (IFN-α) therapy for 48 weeks is currently the only 
recommended HDV treatment. Here, we report about the disease status clinical course and treatment 
success of a German real-life cohort of HBV-HDV-coinfected patients. 
Methods: A single-center cohort of 50 unselected anti-HDV- and HBsAg-positive patients seen at the 
at the University Medical Center Hamburg-Eppendorf between 2008 and 2016 was retrospectively 
analyzed by chart review with special focus on demographic, clinical and virologic aspects as well as 
treatment pattern and outcome. The cohort was sub-stratified into three groups: 1) patients showing 
high HDV viremia who were treated with IFN therapy 2) patients showing high HDV viremia who did 
not receive IFN therapy and 3) patients showing negative HDV-PCR results as a control.  
Results: None of the 18 IFN-treated patients achieved HBsAg serokonversion. HBsAg decline was a 
predictive factor for sustained negative serum HDV-RNA levels, which was achieved in 16.67% of 
patients and associated with ALT normalization. 35.29% of patients in group 2 and 13.33% of patients 
in group 3 developed HCC during follow-up. The mortality was 35.29% in group 2 and 20% in group 3, 
while no HCCs or deaths occurred in the IFN treated group 1. The main risk factor for HCC was 
thrombocytopenia. The mean follow-up of the overall cohort was 2.98 years.  
Conclusions: In this study, IFN-alpha therapy of high replicative HDV patients was associated with a 
lower risk of HCC and mortality compared to IFN-free patient care. Anti-HDV positive but serum HDV-
PCR negative patients have a substantial risk of developing HCC and of mortality that are comparable 
to the overall HCC risk and mortality of highly replicative HDV patients. 
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Chronische Norovirusinfektionen nach Nierentransplantation - Risikofaktoren und 
Therapieoption mit Immunglobulinen 

 
C. Struve1, A. Bienholz2, S. Dolff1, U. Eisenberger2, J. Korth2, B. Wilde2, O. Witzke1, H. Guberina1 

1Klinik für Infektiologie, Universitätsklinikum Essen, Universität Duisburg-Essen, Essen, Germany, 
2Klinik für Nephrologie, Universitätsklinikum Essen, Universität Duisburg-Essen, Essen, Germany 
 
Hintergrund:  
Norovirus-Infektionen (NoV) führen bei Patienten (Pat.) nach Nierentransplantation (NTx) oft zu 
chronischen Verläufen. Folge sind vermehrte Hospitalisationsraten sowie vorzeitiger Verlust an NTx-
Funktion. Eine spezifische Therapie der NoV ist nicht verfügbar. Wir untersuchten 1. Risikofaktoren für 
eine chronische NoV bei Pat. nach NTx und 2. den Einfluss intravenöser Immunglobuline (IVIG) auf 
den Verlauf der NoV bei Dauerausscheidern.  
  
Methoden:  
38 NTx-Pat., die zwischen 2009-2016 aufgrund einer nachgewiesenen NoV in stationärer Behandlung 
waren, wurden in die Studie eingeschlossen. Erneutes Auftreten der Symptomatik innerhalb von 5 
Monaten sowie ein erneuter Norovirus-Nachweis definierten wir als Dauerausscheidung (n=16; 42%). 
Aus dieser Gruppe wurden n=11 Pat. wegen anhaltend ausgeprägter NoV-assoziierter Diarrhoen mit 
IVIG behandelt (s. hierzu auch Abb. 1). Klinische Parameter, die Schwere der NoV [definiert anhand 
der Hospitalisationsdauer (HD) in Tagen (d)] und bekannte Risikofaktoren wurden erhoben. Die 
Outcome-Parameter waren erneute NoV-assoziierte Hospitalisationen, anhaltender Norovirus-
Nachweis im Stuhl und der Grad der NTx-Funktionsverschlechterung.  
  
Ergebnisse:  
22 Pat. hatten einen unkomplizierten NoV-Verlauf; eine erneute Hospitalisation war bei keinem Pat. 
notwendig. Norovirus war in dieser Gruppe nicht mehr nachweisbar. 16 Pat. entwickelten eine chron. 
NoV. Die HD der Pat. mit chron. NoV war signifikant länger als bei Pat. mit selbstlimitierendem Verlauf 
(p= 0.0006). Bei 8 der 11 Pat. mit IVIG-Therapie (72%), traten nach IVIG-Gabe keine Diarrhoen auf 
und eine Hospitalisation war nicht erneut notwendig. 50% dieser Pat. waren negativ für Norovirus im 
Stuhl. Die IVIG-Dosis hatte keinen Einfluss auf die HD. 3 Pat. zeigten trotz IVIG-Therapie keine 
klinische Besserung, so dass die Immunsuppression auf ein mTOR-Inhibitor-basiertes Regime 
umgestellt wurde.  
Das Vorliegen einer begleitenden Infektion verlängerte die HD nicht signifikant (p= ns). Pat. mit 
Diabetes Mellitus (DM) wiesen eine signifikant verlängerte HD auf (p=0.037). Alle Pat. zeigten bei 
Aufnahme eine NTx-Funktionsverschlechterung verglichen mit der NTx-Funktion 6-12 Monate vor 
Hospitalisation. Bei Pat. mit unkompliziertem Verlauf kam es zu einer signifikanten Besserung des 
Kreatinin-Wertes bis zur Entlassung (p=0.014). In der Gruppe der Pat. mit chronischer NoV kam es zu 
keiner signifikanten Besserung oder Verschlechterung der NTx-Funktion. Ein Pat. verlor sein NTx.  
  
Diskussion:  
Nach NTx verlaufen NoV häufig chronisch und führen zu schwerwiegenden Komplikationen. 
Risikofaktor einer chronischen NoV ist DM. Begleitende Infektionen mit Durchfallerregern haben 
keinen Einfluss auf den Verlauf. Auch wenn unser Stufenschema an einer höheren Patientenzahl 
weiter verifiziert werden muss, ist bei Pat. nach NTx eine positive Beeinflussung der chronischen NoV 
durch die Gabe von IVIG oder Umstellung der Immunsuppression auf ein mTOR-Inhibitor-basiertes 
Regime ohne Risiko möglich.  
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Decision Making of Accurate HIV-1 Post Exposure Prophylaxis Prescription 

 
M. Scholten1, I. Suárez1, D. Gillor1, M. Platten1, 2, T. Kümmerle1, 3, G. Fätkenheuer1, 2, C. Lehmann1, 2 

1Department I of Internal Medicine, University of Cologne, Cologne, Germany, 2German Center for 
Infection Research (DZIF), Partner Site Bonn-Cologne, Cologne, Germany, 3Praxis Ebertplatz, 
Cologne, Germany 
 
Background: Antiretroviral medication for postexposure prophylaxis (PEP) has become a recognized 
measure to prevent HIV transmission after HIV risk exposure (non-occupational as well as 
occupational).  
We intended to evaluate PEP prescription decision making of physicians with respect to guideline 
conformity as well as to compare decisions made in emergency room (ER) and in the clinic for 
infectious diseases (IDC).  
  
Methods: We retrospectively analysed all PEP consultations from 2014 to 2016 in patients presenting 
at the emergency room (ER) and in the clinic for infectious diseases of the University Hospital of 
Cologne. HIV risk contact included consensual and non-consensual sex, as well as occupational 
exposure. Using the European AIDS Clinical Society Guidelines for HIV PEP (EACS, version 8, 2015), 
we evaluated the adequacy of PEP prescription according to guidelines conformity. Decisions taken in 
the ER and IDC were compared regarding number of prescriptions and guideline conformity.  
  
Results: We recorded 547 patients presenting at the ER or in the clinic for infectious diseases 
regarding PEP consultation. Most PEP requests were made by patients belonging to the age group of 
30 to 50 years (n=300; 55%). Over the years, there was a continuous increase in PEP requests: 2014 
(n=162), 2015 (n=175) and 2016 (n=210). Occupational exposure was present in 22% (n=120) of the 
cases whereas sexual exposure was observed in 75% (n=408) and other kinds of exposure in 19 
cases (3,5%). Occupational exposure was rising over the years (2014: n=29; 2015: n=43; 2016: 
n=48). More than half of all PEP cases were in men who had sex with men (MSM): 2014 (n=87; 54%), 
2015 (n=85; 49%) and 2016 (n=130; 62%).  
However, 61 prescriptions (11%) were made without indication of HIV transmission risk (2014: 14% 
(n=22), 2015: 9% (n=16), 2016: 11% (n=23). Among these, sexual exposure was present in 45 (74%) 
consultations with 17 cases of non-consensual sex, while occupational exposure was represented in 
14 (23%) cases and other kinds of exposure in 2 cases (3%). Main reason for guideline discordant 
PEP prescriptions was emotional stress of the patient (n=34; 56%), which was more often reported in 
cases of sexual exposure (yes: n=25, no: n=20) in comparison to occupational exposure (yes: n=7, no: 
n=7). Especially, emotional stress was attributed to rape of female patients (n=13) and men who had 
sexual intercourse with sex workers of European origin (n=6). Risk discordant decisions constituted 
11% in the IDC (prescription: n= 316 and no-prescription: n=170) versus 19% in the ER (prescription: 
n= 241 and no-prescription: n=20).  
  
Conclusions: PEP prescriptions are increasing over the years. Especially the rising in MSM cases is 
remarkable. This could be explained with higher PEP awareness or an increasing frequency of sexual 
risk behaviour. PEP prescription should not be influenced by patients’ emotional stress but should be 
strictly administered according to risk assessment. 
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Human cytomegalovirus infections after Hematopoietic Stem Cell Transplantation: 
correlation of serum cytokine levels and variations in the HCMV genome population 
with clinical outcomes 

 
P. Kay-Fedorov1, 2, P. Varanasi2, 3, J. Zischke1, 2, A. Dhingra1, A. Heim1, 2, C. Falk2, 4, E. Mischak-
Weissinger2, 3, T. Ganzenmüller1, 2 

1Institute of Virology, Hannover Medical School, Hannover, Germany, 2German Center for Infection 
Research (DZIF), Hannover, Germany, 3Department of Hematology, Hemostasis and Oncology, 
Hannover Medical School, Hannover, Germany, 4Institute of Transplant Immunology, IFB-Tx, 
Hannover Medical School, Hannover, Germany 
 
Allogeneic hematopoietic stem cell transplantation (HSCT) is an important treatment for patients with 
hematologic malignacies, but its effectiveness is reduced by severe complications such as graft-
versus host-disease (GvHD) and infections. Human cytomegalovirus (HCMV) plays a major role in 
morbidity after allogeneic HSCT and there is a strong correlation between HCMV reactivation and 
development of acute graft-versus-host disease. In the recipient/donor HCMV-seropositive (R+/D+) 
setting, about 50-70% of the patients reactivate HCMV at least once and about 12% have multiple 
reactivations.  
While there have been recent advances in HCMV therapy, problems of resistance and toxicity are still 
prevalent. One way of addressing this issue is to improve the ability to predict relevant clinical 
outcomes and thus to reduce the need for treatment in lower risk patients. Biomarkers of HCMV 
reactivation severity, GvHD grade and other outcomes would therefore be of great benefit and could 
also lead to the identification of novel druggable targets.  
While some factors influencing HCMV reactivation are well known, the effects of viral genes that 
influence cytokine secretion have been less well studied. Differences in these genes between HCMV 
strains may play a role in the outcome of infection and/or the outcome after HSCT. The complex mix 
of cytokines produced before and during HCMV infection can influence T cell reconstitution and 
function among other aspects of immune system function. Cytokine secretion is known to be linked to 
host polymorphisms and is also likely to be linked to viral gene variations.  
One example of a hypervariable, immunosuppressive HCMV protein interacting with cytokine 
pathways is HCMV pUL11, which induces T cell interleukin 10 (IL-10). IL-10 is of particular interest as 
increased serum IL-10 levels have been associated with increased risk and duration of HCMV disease 
in solid organ transplant recipients, and proposed for use as a diagnostic tool in this setting. Levels of 
serum IL-10 and other cytokines may therefore also provide useful predictive biomarkers for HSCT 
patients.  
We have determined the serum levels of immunomodulatory cytokines in 252 longitudinally collected 
HCMV positive patient samples derived post-allogeneic HSCT. Distinct patterns of cytokine production 
are present dependent on CMV reactivation status and donor/recipient seropositivity.  
Using next generation sequencing we have analysed HCMV populations present in these samples, 
including the identification of mixed and changing infections.  
We anticipate that the statistical correlation of cytokine and sequencing data with clinical, virological 
and immune reconstitution parameters will help to predict the outcome post-HSCT and to explore the 
contribution of HCMV variability to disease outcome. 
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Crystal structure of Zika virus NS2B-NS3 protease facilitates design of antivirals 
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Heidelberg University, Heidelberg, Germany, 3Department of Bioorganic Chemistry, Wroclaw 
University of Technology, Wroclaw, Poland 
 
Like several other flaviviruses, Zika virus (ZIKV) causes rash, fever, and myalgia. More seriously, 
ZIKV infection is related to neurological disorders including Guillain-Barré syndrome [1] and 
microcephaly in fetuses and newborns [2]. In addition, mouse-model studies have shown that ZIKV 
can lead to testicular infection and epididymal damage, resulting in destruction of the seminiferous 
tubules and cell death [3,4]. Due to its essential role in processing the viral polyprotein, the ZIKV 
NS2B-NS3 protease (NS2B-NS3pro) is considered an attractive target for antiviral drug discovery. We 
have determined the crystal structure of ZIKV NS2B-NS3pro in complex with a capped-dipeptide 
boronate inhibitor (Ki = 42 ± 5 nM), thereby providing a basis for the design of new inhibitors [5]. 
Results with follow-up inhibitors [6,7] will be discussed, as will be the unusually fast kinetics of the 
enzyme's cleavage activity.  
  
References:  
[1] Fontanet A. et al., Lancet 387, 2600 (2016).  
[2] Rasmussen S.A. et al., N. Engl. J. Med. 374, 1981–1987 (2016).  
[3] Govero J. et al., Nature 540, 438-442 (2016).  
[4] Ma W. et al., Cell 167, 1511–1524 (2016).  
[5] Lei J. et al., Science 353, 503–505 (2016).  
[6] Nitsche C. et al., J. Med. Chem. 60, 511–516 (2017).  
[7] Rut W. et al., Antiviral Res. 139, 88–94 (2017). 
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alpha-Ketoamides as broad spectrum inhibitors of coronavirus and enterovirus 
replication 
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Research, Katholieke Universiteit Leuven, Leuven, Belgium, 4Leiden University Medical Center, 
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Based on our crystal structures of the main proteases (Mpro) of coronaviruses (CoV) and the 3C 
proteases (3Cpro) of enteroviruses (EV), we have designed a set of approx. 30 peptidomimetics 
carrying an alpha-ketoamide warhead. The goal was to create an antiviral compound that would be 
nearly equipotent against enteroviruses (such as EV-D68, EV-A71, Coxsackievirus B3 (CVB3), 
Human Rhinovirus (HRC)), alphacoronaviruses (such as HCoV NL63), and betacoronaviruses (such 
as SARS-CoV and MERS-CoV). All inhibitors designed and synthesized were tested against the 
recombinant proteases, in our viral replicons (for EV-A71, CVB3, poliovirus, SARS-CoV), and in virus-
infected cell cultures (a host of enteroviruses, SARS-CoV, and MERS-CoV). The size and flexibility of 
the P2 substituent of the compounds was found to be critical for antiviral activity. The best 
compromise compound was DZL15, with P2 = cyclopentylmethyl, but when HCoV NL63 was removed 
from the target list, the best compound was DZL08, with P2 = cyclohexylmethyl. This compound 
showed superb activity against MERS-CoV (EC50 = 200 picoM in Huh7 cells) and will now enter 
ADME/Tox and PK studies. None of the compounds is cell-toxic and the CC50 values are usually 
above 150 microM; only HeLa cells proved occasionally more sensitive to our antivirals. A huge 
dependence of antiviral activity on the cell type used was observed; possible reasons for this will be 
discussed.
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Partial depletion of regulatory T cells improve the immune response after vaccination 
against tuberculosis 
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Tuberculosis (Tb) is largely a curable disease, and yet, it still remains a major cause of morbidity and 
mortality worldwide. This is due in part, to its ability to survive within the host for months to decades in 
an asymptomatic state and the lack of an effective vaccine. The efficacy of Mycobacterium bovis 
Bacillus Calmette- Guérin (BCG), the only licensed Tb vaccine, has been shown to reduce over time. 
Thus, more potent prophylactic therapies are urgently needed. New candidates are now under clinical 
trial, including the multistage vaccine H56 composed by ESAT-6- Ag85B- Rv2660c. It has also been 
shown that Mycobacterium tuberculosis (Mtb) induces the proliferation of pathogen specific regulatory 
T cells (Treg) in the pulmonary lymph nodes and lungs. This might explain the delayed immune 
response in Tb infections. Here, we elucidate if a depletion of Treg during vaccination, would lead to a 
more desirable immune response and to a better control of Mtb infection. Using H56/CAF01 vaccine, 
the role of Treg during vaccination against experimental Tb was evaluated. Here we partially depleted 
Treg in Foxp3- diphtheria toxin receptor (Foxp3-DTR) mice, by administering diphtheria toxin (DT) 
every 3 days after vaccination. Treg depletion resulted in a considerable increase in CD4 and CD8 T-
cell activation accompanied by a significant loss of naïve T-cells. The number of antigen-specific CD4 
T cells producing higher levels of interleukin (IL)-2 and interferon-gamma (IFNγ) was also increased in 
the spleen and lymph nodes of Treg-depleted mice compared to non-Treg depleted mice. Unexpectedly, 
ablation of Treg led also to an increase of IL-10 production by Lag3+ Tr1 cells. Another effect of 
prolonged Treg depletion was an increase in the autoimmune phenotype. Together, our data reveal that 
Treg depletion after vaccination enhance the antigen specific T-cell response to Mtb. However, further 
studies need to be carried out to assess if Treg downregulation during vaccination will lead to a better 
protection against challenge with Mtb and how long the frequency of Treg can be partially reduced 
without causing adverse immune effects. 
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Interleukin-23 promotes the recruitment of protective multifunctional CD4 T cells after 
subunit Mycobacterium tuberculosis vaccination independently of interleukin-17A 
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Currently, the most effective vaccine against human Tuberculosis (TB) is the live vaccine 
Mycobacterium bovis BCG. However, its protective effect is limited and the development of new 
vaccination strategies is of great importance. The novel glycolipid adjuvant Trehalose-dibehenate 
(TDB) potently promotes protective immune responses against Mycobacterium tuberculosis (Mtb) 
infection in mice after immunization with the subunit Mtb vaccine H1. Surprisingly, in experimental 
models vaccination with H1-TDB is not accompanied with increased numbers of interferon (IFN)-γ-
producing T helper (Th)1 cells. The protective immune effect is rather associated with an expansion of 
interleukin (IL)-17A-producing Th17 cells and an augmented frequency of tumor necrosis factor (TNF)+ 
IL-2+ and INF-γ+ TNF+ IL-2+ multifunctional CD4 T cells displaying high proliferative capacity and 
superior protective functions. To investigate the impact of the IL-23-/IL-17A-driven immune response 
on the recruitment of these protective multifunctional T cells and subsequent protection after 
vaccination we immunized wildtype, IL-23p19-deficient (-/-) and IL-17A-/- mice with H1-TDB and 
analyzed the outcome of Mtb infection. Whereas the inability of H1-TDB-immunized IL-23p19-/- mice to 
reduce bacterial loads was associated with an impaired expansion of TNF+IL-2+ and INF-γ+TNF+IL-2+ 
multifunctional CD4 T cells, the frequencies of these cells in vaccinated IL-17A-/- animals were 
unchanged and accompanied by an improved control of mycobacterial growth. Thus, IL-23 promotes 
the multifunctional T cell-associated protective effect after vaccination against Mtb independently of IL-
17A. A targeted induction of these protective multifunctional T cells may represent a promising 
immunomodulatory approach to enhance the efficacy of novel TB vaccine candidates also in humans. 
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A novel QuantiFERON based test for detection of neutralizing IFN-γ autoantibodies in 
patients with severe opportunistic infections 
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Neutralizing autoantibodies targeting interferon gamma (IFN-γ) are increasingly recognized as a major 
cause for adult onset immunodeficiency associated with severe infections involving opportunistic 
pathogens such as nontuberculous mycobacterial (NTM) (1, 2). Case finding is hampered due to 
highly complex diagnostic procedures not available in routine laboratories. We show that widely 
available QuantiFERON assays can be repurposed for both screening of patients with suspected 
neutralizing IFN-γ antibodies as well as confirmation of the disease.  
  
A case of disseminated NTM infection in a HIV negative female patient involving bone, lungs and skin 
due to Mycobacterium parascrofulaceum is reported. All QuantiFERON-TB assays from our patient 
showed suppressed mitogen controls with values below 0.5 IU/ml. These test results were highly 
suspicious for a deficiency in interferon-gamma (IFN-γ) dependent immune responses. To verify the 
presence of IFN-γ neutralizing auto-antibodies we designed a novel QuantiFERON based 
confirmatory assay in which patient serum is added to the mitogen control tube containing healthy 
donor blood. Addition of patient serum led to full suppression of IFN-γ detection in mitogen samples. 
Healthy donor serum had no effect on the performance of the mitogen control in this assay. Additional 
assays ruled out an IFN-γ receptor defect using FACS analysis on CD14 gated patient monocytes. 
Finally IFN-γ antibodies in patient serum were titrated by performing an IFN-γ ELISA using 
recombinant anti-IFN-γ and patient serum at different concentrations. These assays confirmed our 
QuantiFERON based results and led to the diagnosis of IFN-γ neutralizing autoantibodies. To 
corroborate our results we examined additional biobanked serum samples of patients with already 
confirmed IFN-γ neutralizing auto-antibodies in our QuantiFERON based IFN-γ inhibition assay. The 
mitogen control values of healthy donor blood were potently suppressed similar to findings made for 
the patient described above.  
  
Conclusion: We have developed a novel QuantiFERON based assay using mitogen control test 
tubes for detection of IFN-γ neutralizing serum activity. QuantiFERON technology is available 
throughout the world and can be repurposed easily as an excellent diagnostic tool that allows rapid 
and adequate care for this live threatening autoimmune disease.  
  
Literature:  
1. Browne SK, Burbelo PD, Chetchotisakd P, et al. Adult-onset immunodeficiency in Thailand and 
Taiwan. N Engl J Med 2012; 367:725-34.  
2. Lin CH, Chi CY, Shih HP, et al. Identification of a major epitope by anti-interferon- gamma 
autoantibodies in patients with mycobacterial disease. Nat Med 2016; 22:994-1001. 
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Reconstitution of HIV-, MTB- and CMV-specific T-cell functionality in children on 
antiretroviral therapy is associated with shifts in memory phenotype and decreased 
PD1-expression 
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Background  
Despite suppression of viral replication and quantitative replenishment of CD4 T-cell counts in HIV-
infected patients on antiretroviral therapy (ART) susceptibility to co-infections remains increased. To 
better understand the mechanisms involved in immune reconstitution on ART we studied HIV- and co-
pathogen-specific immune responses in children before and after ART.  
  
Methods  
We prospectively enrolled 25 HIV-infected children to study HIV-, CMV- and TB-specific T-cell 
responses before and 1year after initiation of ART using flowcytometry-based intracellular cytokine (IL-
2, IFN-gamma, TNF-alpha) staining assays after in vitro antigen stimulation. We further measured 
expression of activation (CD38 and HLA-DR), immune exhaustion (PD-1) and memory phenotype 
markers (CD45RA and CCR7) and studied proliferative responses after antigen and mitogen 
stimulation in a CFSE-dilution assay.  
  
Results  
We observed differential changes after 1year of ART in cytokine profiles of HIV- and co-pathogen-
specific CD4 T-cell responses that were associated with shifts in memory phenotype and decreased 
PD1-expression. The proliferative capacity of HIV- and PPD-specific responses strongly increased 
after 1year of ART. Of note, the recovery in magnitude of CMV- and TB-specific responses was 
strongly correlated with a decrease in PD1-expression (r=0.83, p=0.008 and r=0.81, p=0.0007, 
respectively).  
  
Conclusions  
Reconstitution of HIV- and copathogen-specific immune responses is associated with shifts in memory 
phenotype and PD-1 expression. Immune checkpoint inhibitors that target the PD-1 pathway represent 
a potential intervention in patients with insufficient immune reconstitution on ART. 
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The lysinylation of negatively charged phosphatidylglycerol by MprF (the Multiple peptide resistance 
Factor) confers resistance to cationic antimicrobial peptides (CAMPs), several antibiotics (e.g. 
daptomycin) and the host immune system in general (1). MprF of Staphylococcus aureus is a 
bifunctional enzyme consisting of separable domains for lysyl phosphatidylglycerol (LysPG) production 
and LysPG flipping (2).  
  
As MprF proteins are crucial virulence factors for various bacterial pathogens and play a major role in 
the emerging resistance against the blockbuster antibiotic daptomycin, they represent an attractive 
target for novel anti-virulence drugs. We designed several monoclonal antibodies in order to block 
MprF and analyzed their capacity to support the killing of S. aureus by CAMPs, antibiotics, and by 
human neutrophils. We found that those antibodies block the flippase reaction of MprF, which (i) 
uncovers its enzymatic center showing dynamic topology changes during flipping and (ii) renders S. 
aureus more susceptible to clearance by the host immune system and antibiotics. Most notably they 
restore the susceptibility of a daptomycin-resistant clinical isolate, prevent growth of a CA-MRSA 
strain under subinhibitory concentrations of antibiotics and protect mice from severe infection in a skin 
abscess model.  
  
These findings provide a promising new approach for anti-virulence therapy against bacteria based on 
pathogen sensitization to host immune system or antibiotics. Furthermore, they offer interesting 
options for studying the MprF mode of action and its role in daptomycin resistance.  
  
  
  
1. Peschel A, Jack RW, Otto M, Collins LV, Staubitz P, Nicholson G, Kalbacher H, Nieuwenhuizen 
WF, Jung G, Tarkowski A, van Kessel KP, van Strijp JA. The Journal of experimental medicine. 2001. 
193:1067-1076.  
2. Ernst CM, Staubitz P, Mishra NN, Yang SJ, Hornig G, Kalbacher H, Bayer AS, Kraus D, Peschel A. 
PLoS Pathog. 2009. 5:e1000660. 
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Pneumonia is a leading cause of death in patients with end-stage chronic kidney disease treated with 
dialysis [1]. Current vaccination schedules recommend pneumococcal vaccination to these patients 
every 6 years [2, 3]. However, this disregards findings of rapid titer decline in adult hemodialysis 
patients after 6 to 12 months [4].  
  
We thus compare two strata of vaccinated patients: those recently vaccinated and those vaccinated 
more than two years ago. Primary objectives are to describe the anti-pneumococcal antibody titers in 
hemodialysis patients as a function of time since vaccination, and to compare pneumonia rates 
between the groups. As a secondary objective, factors influencing antibody kinetics are determined. 
Exploratory objectives investigate the relationship between antibody titers and the incidence of 
pneumonia in hemodialysis patients and extrapolate a possible cut-off for protection from pneumonia.  
  
Within this prospective multi-center study, a total of 884 patients will be enrolled. 12 DZIF partner sites 
with allocated dialysis practices participate in this study. All dialysis patients who are either vaccinated 
against pneumococcal infection or eligible and willing to be vaccinated in accordance with RKI 
guidelines after enrolment will be eligible. 
 
Data on baseline demographics, vaccination history, and underlying disease will be assessed. 
Pneumococcal antibody titers will be determined at baseline and every 3 months for 2 years. For 
newly vaccinated patients baseline titers will be obtained 4 weeks after the vaccination. DZIF Clinical 
Trial Units (CTU) coordinate titer assessment schedules and active follow up on study patients for 2 
years after enrolment, including validation of endpoints of hospitalization, pneumonia, and death. 
Diagnostics and treatments including vaccinations will be administered as part of clinical routine and 
as recommended by appropriate guidelines (e.g. RKI STIKO recommendations).  
This prospective study will increase physician adherence to current recommendations. Establishing a 
framework for the efficient evaluation of guideline recommendations through a combination of routine 
and study data will inform the evidence base for future guidelines.  
  
1. Hoen, B. et al., Risk factors for bacterial infections in chronic haemodialysis adult patients: a 
multicentre prospective survey. Neph Dial Transplant, 1995. 10(3): p. 377-81.  
2. Rubin L.G. et al., 2013 IDSA clinical practice guideline for vaccination of the immunocompromised 
host. Clin Infect Dis, 2014. 58(3): p. e44-100.  
3. Recommendation of the Ständige Impfkommission (STIKO), Robert Koch-Insitut.  
4. Pourfarziani V. et al., Immunogenicity of pneumococcal vaccination in renal transplant recipients 
and hemodialysis patients: a comparative controlled trial. Ann Transplant, 2008. 13(3): p. 43-7. 
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As part of the emergency vaccines infrastructure in DZIF, we developed a fast and reliable assay to 
qualitatively analyze the immune response to our vaccine candidates. Here, we describe an innovative 
method where we use unpurified antigens from whole-cell lysate to analyse the ability of new vaccine 
candidates to induce immunlogical protection.  
At first we generated an expression plasmid based on pCAGGS, which is known for its strong 
expression qualities, and equipped it both with an expression control (IRES-GFP) and a selection 
resistance (puromycin) cassette. This new vector, termed pCIG-Pu, was used for the overexpression 
of antigens in 293T-cells.  
As proof of concept, we first established the system using transgenic, ovalbumin (OVA)-specific T 
cells of OT II mice and OVA as model antigen. In a next step, we applied this method to detect cellular 
immune responses of mice immunised with an influenza virus-based A/PR8-NA-GFP virus or a 
measles virus-based MERS-CoV vaccine (MV-MERS-S). Isolated splenocytes from transgenic or 
immunized mice were incubated with 293T-cell lysates containing respective antigens (OVA, MERS-S, 
IVA-HA, -NA, -NP, or GFP). Reactivity was measured by IFNγ-ELISA after 48 h of incubation. 
Contribution of CD4+ and CD8+ T cells to the response was determined by antibody-mediated 
depletion of either population. With our innovative technique it is possible to determine the immune 
responses directed against each protein of a vaccine. In addition, this fast and simple method could 
allow the identification of individuals, who are infected or have been in contact with the pathogen of 
interest. We currently attempt to develop a kill-assay to analyze cytotoxicity exerted by CD8+ T and 
CD4+ Th1 cells in response to stimulation with target protein presented in the context of MHC I/II. 
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The HLA class I and II genes play a very important role in the initiation of the adaptive immune 
responses. These molecules are highly polymorphic in order to present a wide array of antigenic 
peptides and different levels of this diversity as well as the expression of specific alleles have been 
associated to improved immune responses to viral infections. Facing the HLA-peptide complex during 
the immunological synapse, the CDR3 sequence in the T cell receptor (TCR) determines antigen 
specificity of the T cell responses. In order to be able to recognize the infinite possibility of peptides 
presented, the TCR display a highly diverse repertoire which can also be correlated to an improved 
capacity of the host to clear viral infections. In this study we genotyped the HLA class I and II alleles 
from fatal cases and survivors in order to evaluate the potential influence of these alleles 
polymorphism in disease outcome. Heterozygosity at the HLA-A locus was significantly associated 
with survival supporting the important role of CD8 T cell responses during EVD disease. We also 
sequenced the TCR of Ebola virus disease (EVD) patients who succumbed or survived the disease 
and evaluated the possible influence of the TCR repertoire diversity in the clearance of Ebola virus 
(EBOV) and in recovery. Our results indicated that survival is significantly associated with an elevated 
TCR diversity as well as with a lower amount of shared TCR sequences between individuals. Our 
findings support the importance of HLA and TCR polymorphisms for the activation of a broad and 
effective adaptive immune response. 
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The activating NK cell receptor KIR3DS1 has been implicated in the outcome of various diseases, 
most prominently in HIV-1 infection. Together with certain HLA-B alleles (HLA-Bw4 I80), possessing 
KIR3DS1 was associated to a delayed progression to AIDS in a multicohort study. KIR3DS1+ NK cells 
displayed enhanced cytotoxic function and expanded in acutely HIV-1 infected subjects. Yet, the 
underlying mechanism of protection remained largely elusive, as the ligand of KIR3DS1 was unknown. 
We recently demonstrated that KIR3DS1 recognizes open conformers of HLA-F. HLA-F is a non-
classical HLA class I molecule and expressed as a marker of cellular stress on activated lymphocytes. 
We demonstrated that HIV-1 infection of CD4+ T cells increased HLA-F transcription while 
simultaneously a reduction in binding of KIR3DS1 IgG fusion constructs to HIV-1 infected cells 
occurred. In order to understand the protective effect of KIR3DS1+ NK cells in HIV, we therefore 
investigated the impact of HIV-1 on HLA-F surface expression. In vitro, surface levels of HLA-F were 
consistently increased on infected HIV-1+ isolated CD4+ -T lymphocytes compared to uninfected cells 
(fold increase ranging from 1,28 to 1,48, N=5). This was in line with the described upregulation of 
HLA-F mRNA in HIV-1 infected T-lymphocytes, but did not explain the observed decrease in binding 
of KIR3DS1 to infected cells. As new data suggests that HLA-F, apart from its state as open 
conformer, is also able to present peptides, we investigated whether peptide presentation by HLA-F 
can explain the reduced KIR3DS1 binding in HIV-1 infection, despite enhanced HLA-F surface 
expression. We tested if HLA-F open conformer or HLA-F peptide bound forms can trigger activation 
via KIR3DS1 binding, employing a KIR3DS1 reporter cell system (JRC). Recognition of HLA-F open 
conformers via KIR3DS1-JRC led to substantial activation as measured by increased expression of 
CD69 (24% CD69+ cells, compared to 0.1% CD69+ cells against negative control beads (Median 
values)). Remarkably, peptide-bound forms of HLA-F completely abrogated binding and activation of 
KIR3DS1+ reporter cells (1% CD69+ cells (Median), N=3). Thus, decreased binding of KIR3DS1 to 
HIV-1 infected cells might be due to a conformational change of HLA-F induced by the presented 
peptides. Alternatively, the peptides presented by HLA-F itself, in a setting of viral infection, might 
reduce binding of KIR3DS1. Given the fact that HLA-F is highly conserved among individuals, it can 
be a potential target for novel HIV-1 immunotherapeutic strategies − provided that we obtain a clearer 
understanding of how HIV-1 impacts HLA-F expression. 
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The fact that an increasing number of patients infected with antibiotic-resistant bacteria can be treated 
only, if at all, with a few, not well tolerated antibiotics of last resort, calls for new efforts on this matter. 
An alternative are vaccination strategies, triggering or supporting the patients’ immune system to cope 
with the deadly infection. Concerning Methicillin-resistant Staphylococcus aureus (MRSA), many 
research groups have developed vaccines, targeting well known virulence factors of this nosocomial 
pathogen but none of them reached the market so far.  
Based on a S. aureus proteome screen with S. aureus specific human antiserum, we have identified 
several anchorless cell wall proteins to be used as novel vaccine candidates. Immunization with the 
proteins Protoporphyrinogen oxidase (pOxi), Triosephosphate isomerase (Triiso) and the hypothetical 
protein 2160 (hp2160) indeed provided increased survival rates in our S. aureus sepsis mouse model. 
Although of cytoplasmic origin with key roles in metabolic pathways, these proteins seem to have 
additional `moonlight´ activities on the bacterial surface, as adhesins, invasins or plasminogen 
receptor and are so far unrecognized, highly conserved, pathogenicity factors.  
We generated monoclonal antibodies (moAbs) against these proteins. Attributed to their epitope-
specific binding, several moAbs demonstrated a protective effect in our mouse infection model. Three 
moAbs were selected to be humanized (humAbs) and retained protectivity. So far, the selected α-pOxi 
humAb-producing cell line is in the process of GMP-production to retrieve humAb for First-in-man 
studies. Achievements and obstacles of GMP-production will be presented.  
The linear epitopes of α-pOxi- and α-hp2160 moAbs as well as the discontinuous epitope of α-Triiso 
moAb were identified and used as recombinant or synthesized peptide vaccines against S. aureus 
infection, leading to protective effects in the sublethal and lethal S. aureus infection model. In 
cooperation with our DZIF-partners AG H. Büning (Hannover) und AG G. Sutter (Munich) we currently 
investigate the potential of our combined polyepitope-peptide by using AAV- and MVA-particles as a 
vaccine delivery system. 
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Introduction: Reactivation of the BK-Polyomavirus (BKPyV) can cause a polyomavirus associated 
nephropathy (PyVAN) in approx. 10% of kidney transplant recipients. As a consequence, PyVAN can 
lead to a gradual functional deterioration and dramatically increases the risk of transplant failure. 
Currently, no direct antiviral therapy to treat BKPyV reactivation is available. Recently, it has been 
shown that mTOR inhibitors can limit BKPyV replication, however, the molecular mechanisms 
underlying this limitation still remains elusive. Thus, in this study we aimed to analyze whether the viral 
promoter which is located in the Non Coding Control Region (NCCR) is affected by mTOR inhibitors.  
 Methods: We isolated DNA from sera obtained from patients after renal transplantation and amplified 
full length NCCRs. The amplicons were cloned into a plasmid encoding tdTomato resulting in a 
reporter system that allows the quantification of NCCR driven early gene expression. To examine the 
effect of mTOR inhibition on NCCR activity HEK293T cells were transfected with the reporter plasmid 
and treated with different concentrations of mTOR-inhibitors and one calcineurin inhibitor. Everolimus 
(EVE) were used to examine the mTOR 1 complex. INK128 were used to examine the dual mTOR 1 
and 2 complex inhibition. In addition the effect of the calcineurin inhibitor Tacrolimus on the NCCR 
activity was examined. 72 h after transfection readout was performed using FACS analysis.  
Results: mTOR complex 1 inhibition (EVE) did not reduce early promoter activity. The calcineurin 
inhibition did not reduce the early promoter activity in relevant concentrations. Treatment with the dual 
mTOR complex 1 and 2 inhibitor INK128 resulted in a strong inhibition of the early BKPyV NCCR 
activity.  
Conclusion: These data indicate that the impact of EVE on the NCCR activity seems not to be the only 
underlining effect of the previously published EVE based inhibition of BKPyV replication. However, 
based on the negative impact on the BKPyV NCCR activity INK128 may have a major inhibitory effect 
on BKPyV replication and thus might be suitable as specific therapeutic agent for treating BKPyV 
reactivation. 
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The DZIF Transplant Cohort e.V. is a large multicenter prospective observational cohort of transplant 
recipients and donors, enabling extensive collection of medical data as well biological samples. 
Infections in transplant recipients have a major impact on the overall therapy success and clinical 
outcome. However, many issues regarding long-term consequences of infections are not well 
understood. How severe is the impact of defined infections on graft survival/function and graft- versus-
host disease (GvHD)? How to assess the individual susceptibility to bacterial, viral and fungal 
colonization under immune suppression? What is the long- term impact of anti-infective therapy on 
graft and patient survival or changes in the physiological microbiome that may be significant for 
colonization with pathogenic and antibiotic-resistant microbes? These are just a few examples of 
important research questions. Worldwide there exist only few and relatively small prospective cohort 
studies on transplant patients with a focus on infectious disease. Therefore, the DZIF Tx Cohort will 
contribute significantly to a more careful epidemiological and experimental analysis of the impact of 
infections on transplant function and survival by using standardized protocols for the collection of 
multiple biosamples and patient data at defined time points before and after transplantation.  
Collection of data and samples takes place in university hospitals and clinics in Hannover, Heidelberg, 
München and Tübingen at time of transplantation, after 3, 6, 9 and 12 months and then yearly 
thereafter; as well as in case of infection. The cohort enables studies to investigate correlations 
between infections and immune alterations with the development of transplant complications in a 
prospective manner. Biosamples are preserved in a quality conform to state-of-the art genomic and 
epigenomic technologies for future analyses. The distribution of data and samples to researchers is 
linked to a detailed review process by the cohort internal scientific steering committee and a pool of 
external international reviewers.  
In collaboration with the TI Biobank, distinct quality controls of biosamples, audits and local trainings 
are performed to ensure the quality of collecting biosamples, procession regarding SOPs and storage. 
Control of quality and quantity of documented data is performed in collaboration with epidemiology 
experts.  
Up to now, there are about 400 patients included in the data base and more than 3300 biosamples 
collected, including PBMCs, RNA-stabilized blood, serum, urine, feces. 
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Introduction: Cytomegalovirus (CMV) reactivation occurs particularly in patients after solid organ 
transplantation (SOT) from seropositive donors. CMV reactivation is associated with a high risk of 
disease and mortality. The nonamer peptide NLVPMVATV derived from CMV phosphoprotein 
65(CMVpp65) is highly immunogenic. Here we report on a clinical phase I peptide vaccination trial 
with this peptide in a water-in-oil emulsion (Montanide™) plus administration of or imiquimod 
(Aldara™) as adjuvant.  
Methods: Four vaccines were administered subcutaneously at a biweekly interval to ten CMV 
seronegative endstage renal disease patients waiting for kidney transplantation. The clinical course, 
CMVpp65 antigenemia and CMV replication were monitored. CMV-specific CD8+ T cells were 
characterized by multi-color flow cytometry and Enzyme Linked Immuno Spot Assay (ELISPOT) and 
correlated it to clinical parameters.  
Results: Peptide vaccination was well tolerated and no drug-related serious adverse events were 
detected except from local skin reactions. In four patients, specific CD8+ T cell responses against 
CMV could be elicited by prophylactic vaccinations. In responders an increase of CMV-tetramer 
positive CD8+ T cells and interferon gamma secretion was detected. Interestingly a shift from 
CCR7+CD45+ naïve T cells towards CCR7-CD45RA+ effector T cells could be observed suggesting 
an effective immune response against the virus.  
Conclusion: In ten CMV seronegative endstage renal disease patients on the waiting-list for kidney 
transplantation we demonstrated that administration of CMVpp65 peptide vaccination was safe, well 
tolerated and clinically encouraging. Imiquimod can serve as an adjuvant with a similar efficacy. 
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Introduction and Background:  
Kidney transplant recipients are at increased risk of pneumococcal infection, especially of  
invasive and often lethal courses of the disease. Vaccination is the most effective preventive  
action. However, due to immunosuppression and decreased kidney function the efficacy of  
vaccination might be reduced. This study assesses the efficacy of the 13-valent  
pneumococcal conjugate vaccine (PCV, Prevenar13©) in kidney transplant recipients.  
  
Methods:  
Serum samples of 49 patients were drawn immediately before, 4 weeks after and of 47 patients 1 year  
after vaccination and were tested for IgG, IgG2, IgM and IgA-antibodies against 23 serotypes of  
pneumococcal capsular polysaccharides (PCP) via ELISA-Method (Vacczyme®). Wilcoxon signed 
rank test was performed with the results.  
  
Results and Conclusion:  
  
IgG-PCP-antibody concentrations 4 weeks after vaccination showed a median 1,2-fold increase 
(Range: 0,14-40,88;p<0,0001). One year after vaccination the median concentration was 1,3-fold 
(Range: 0,04-28,25; p=0,0001) above the level measured before vaccination. 42% showed at least a 
2-fold increase which can be considered as a positive response.  
  
IgG2-PCP-antibody concentrations 4 weeks after vaccination showed a median 1,7-fold increase 
(Range: 0,65-44,81; p<0,0001). One year after vaccination the median concentration was 1,7-fold 
(Range: 0,34-18,56; p< 0,0001) above the level measured before vaccination.  
  
IgM-PCP-antibody concentrations 4 weeks after vaccination showed a median 1,5-fold increase 
(Range: 0,51-18,8; p<0,0001). One year after vaccination the median concentration was equal 
(Range: 0,36-7,88; p< 0,188) to the level measured before vaccination.  
  
  
IgA-PCP-antibody concentrations 4 weeks after vaccination showed a median 1,9-fold increase 
(Range: 0,57-56,46; p<0,0001). One year after vaccination the median concentration was 1,4-fold 
(Range: 0,33-22,09; p=0,0001) above the level measured before vaccination.  
  
Kidney transplant recipients respond to vaccination with the 13-valent PCV with a significant increase 
(p <0,0001) in PCP-antibody concentrations of IgG, IgG2, IgM and IgA subclass and display 
significantly increased concentrations (p≤0,0001) of IgG, IgG2 and IgA PCP-antibodies 1 year after 
vaccination. 
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Improved tools to visualize immune recognition of highly variable antigens, such as the HIV Envelope 
variable region 3 (V3) in the context of their phylogenetic relationship help to better understand the 
parameters influencing antigen variant recognition by IgG and hence contribute to improved design of 
HIV vaccines.  
  
We studied HIV Envelope-specific IgG responses using a peptide array approach that included 36 V3-
tip peptide variants (amino acids 304-319 in reference strain HxB2) using plasma samples from HIV 
vaccine recipients.  
  
The R package GGTREE by Yu et al.(1) provides a general solution for visualization of phylogenetic 
trees and annotation using data of different types and from various sources. We then created a 
supplementary function that assesses the frequency of variant peptides sequences within the >40.000 
global HIV primary isolate sequences deposited in the HIV sequence database (www.hiv.lanl.gov) and 
links this variable to the icon size of a given peptide variant sequence. Additionally, the magnitude of 
IgG recognition for a given peptide variant is visualized by heat map colour coding.  
  
The function hence is a new tool for comprehensive visualization of the immune recognition of variant 
antigens in the context of their phylogenetic relationship and the respective frequency of the variant 
amino acid sequence in the global HIV epidemic in one graph.  
  
1. Yu G, Smith DK, Zhu H, Guan Y, Lam TT-Y. ggtree: an r package for visualization and annotation of 
phylogenetic trees with their covariates and other associated data. Methods in Ecology and Evolution. 
2017;8(1):28-36. 
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Introduction: Lung transplant (LuTX) patients typically receive a triple immunosuppression consisting 
of a calcineurininhibitor, a proliferation inhibitor and steroids. Patients at risk for cytomegalovirus 
(CMV) reactivation are usually being treated with antiviral agents in a prophylactic manner or 
monitored regularly to recognize and treat reactivation. CMV reactivation occurs despite these two 
strategies. CMV replication is dependent on the activity of the mammalian target of rapamycin (mTOR) 
pathway. Therefore, it was studied whether mTOR activity (indicated by the phosphorylation status of 
p70s6 in T-cells) is associated with CMV reactivation in patients.  
Methods: 19 female LuTX patients and 18 male LuTX patients were recruited. The group included 21 
patients with intermediate risk for CMV infection (CMV IgG serostatus donor (D) neg/recipient (R) pos 
or D pos/R pos), 6 patients with low risk (D neg/R neg) and 9 patients with high risk for CMV infection 
(D+/R-). The age of the patients ranged from 22 to 71 years. Peripheral blood was collected and 
phosphorylation of p70S6 kinase in T-cells was determined by flow cytometry.  
Results: Twelve patients had at least one episode of CMV reactivation in the past. Seven of these 
patients belonged to the high risk group and the remaining five patients belonged to the intermediate 
risk group. Comparing high risk patients with history of CMV reactivation versus without reactivation 
revealed no difference regarding p70s6 kinase phosphorylation. However, intermediate risk patients 
with CMV reactivation had significantly increased p70s6 phosphorylation in T-cells as compared to 
intermediate risk patients without CMV reactivation (p70s6 kinase phosphorylation in CD4+ T-cells 
given as MFI: 196.5 ±69.3 vs. 91.5 ±54.5, p=0.006). There was no difference in phosphorylation status 
of p70s6 kinase comparing patients with versus without mTOR inhibitor.  
Conclusion: Phosphorylation of p70s6 kinase may serve as biomarker to further stratify patients at 
risk for CMV reactivation. 
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Ebola virus (EBOV), the causative agent of Ebola virus disease (EVD), leads to severe disease in 
humans and non-human primates characterized by multi-organ failure and high case fatality rates. The 
kinetics and mechanisms of viral dissemination from the initial sites of infection to the rest of the body 
represent an important yet poorly understood aspect of EBOV pathogenesis. Dendritic cells (DCs) are 
key antigen presenting cells that function as a bridge between innate and adaptive immunity. In the 
context of EBOV infection, their migratory properties and strategic peripheral positions in the skin and 
mucosa implicate DCs in the early immunological events that take place during infection, which are 
thought to be critical in determining disease outcome. Conventional animal models used to study 
EBOV infection are often limited to mouse strains with varying degrees of immunosuppression and as 
such are unsuitable tools to study host immune responses to EBOV in vivo. To circumvent these 
limitations, we established a chimeric mouse model that preserves competent hematopoietic 
immunity. Importantly, this model recapitulates many features of human EVD, with survival rates 
around 50%. Using these mice, we observed that at early time points post intranasal inoculation, 
EBOV productively infected resident macrophages and inflammatory monocyte-derived DCs in both 
peripheral tissues and draining lymph nodes. Interestingly, we did not detect infection of Langerin+ 
DCs in vivo. To further investigate whether Langerin+ DCs are in fact resistant to infection, we infected 
human skin-derived Langerin+ Langerhans cells and found that these cells, as opposed to 
inflammatory DCs, were resistant to EBOV infection. These data provide important first steps towards 
identifying the primary targets of EBOV infection after skin or mucosal exposure, and may provide 
clues on how EBOV disseminates to the rest of the body. In addition, our data provides a rationale for 
strategies aimed to harness DC functions for vaccination and post-exposure therapies. 
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Immune checkpoints are molecules that play an important role in immunological processes. The T cell 
surface receptor PD-1 and its ligand PD-L1, which is expressed in cancer cells, for example are 
involved in the down-regulation of the immune system through apoptosis. This interaction is used by 
tumor cells to evade the host immune surveillance. Inhibiting the interaction between PD-1 and PD-L1 
using so called checkpoint inhibitors enhances the T cell modulated antitumor activity. Previous work 
has identified differences in the spontaneous antitumor immunity in mice with different gut microbiota 
signatures. These differences were abrogated after fecal microbiota transplantation or cohousing. The 
increased antitumor efficacy was explained by the presence of certain bacteria of the genus 
Bifidobacterium, which may have led to an activation of dendritic cells and an enhanced CD8(+) T cell 
priming. There is no data on the interaction between gut microbiota, checkpoint inhibition, and 
antitumor response in humans.  
Therefore, we are conducting a prospective study to investigate the associations between individual 
gut microbiota signatures and the activation of an adaptive immune response to anti-PD-L1 
immunotherapy. We are collecting fecal samples, urine, and blood from 40 patients with metastatic 
melanoma, who are treated with PD-L1 specific antibodies. Microbiota composition is determined by 
16S rRNA sequencing and correlated with a functional and phenotypical analysis of the human 
immune response. Sample collection takes place every three months in parallel to cancer staging. The 
samples are used to analyze associations between different gut colonization patterns, the activity of 
the immune system, and the response to the anti-PD-L1 immunotherapy. If our work confirms the 
crucial role of commensal bacteria in the antitumor efficacy of checkpoint inhibitors in humans, a 
bacterial supplementation for these patients could be a future translational possibility to improve the 
outcome of these therapies. 
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Emerging or re-emerging viral infections can cause devastating epidemics. In most cases, 
development times for vaccines or antiviral drugs are not compatible with such an outbreak scenario. 
Strategies for the generation of rapidly available treatment options are therefore urgently needed. The 
recent Ebola virus outbreak has highlighted the therapeutic potential of antisera and renewed interest 
in this treatment approach. While human convalescent sera may not be readily available in the early 
stages of an outbreak, antisera of animal origin can be produced in a short time frame. However, the 
immunization and purification processes for the production of high-titer functional antisera have to be 
established.  
Using Ebola virus as a model target pathogen, we first compared different adjuvants in combination 
with non replication-competent Ebola virus-like-particles (VLP). We found that repeated immunizations 
were required to produce neutralizing antibodies, and that addition of certain adjuvants resulted in an 
up twenty-fold increase. These titers were similar to those obtained after immunization with 
recombinant modified vaccinia virus Ankara (MVA) and vesicular stomatitis virus (VSV) expressing the 
Ebola virus glycoprotein, indicating that de novo antigen expression may not be essential for the 
production of neutralizing antibodies.  
In parallel, we established a high yield IgG purification process. Crude antisera initially undergoes a 
two-step 20/40% ammonium sulfate precipitation to remove undesired serum proteins such albumin. 
IgGs are then isolated from the resuspended precipitate by affinity chromatography using protein A 
columns, yielding an IgG enriched fraction with little loss of functional antibodies. The antigenicity of 
the animal origin IgG is further reduced by removal of its Fc portion via pepsin digestion, which is 
currently being optimized.  
To gain first insights in the therapeutic potential of these purified and modified antisera preparations, 
their stability and tolerability will be evaluated in homologous and heterologous animal models, and 
the efficacy of the most promising preparation will then be assessed in an Ebola virus mouse model.  
By optimizing antigen delivery, immunization schedules, and IgG purification protocols, we will be able 
to develop rapidly customizable processes to produce high-titer antisera as an early therapeutic option 
in outbreak scenarios. 
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In silico algorithms have been developed to predict whether a protein gives rise to peptides binding to 
major histocompatibility complex (MHC) molecules. Therefore, these algorithms became an important 
tool for the identification of mutation-derived tumor neo-epitopes or pathogen-derived epitopes as 
targets for immunotherapies. However, comparing these tools reveals considerable differences in 
prediction accuracy, dependent on the underlying algorithm, MHC-class I type and peptide length. We 
used nine algorithms to predict the binding of 8-, 9-, 10- and 11-mer peptides derived from HPV16 E6 
and E7 proteins to the most prevalent human leukocyte antigen (HLA) types. Peptides from high to 
weak predicted binding affinity were selected for synthesis and subsequent experimental 
determination of binding capacity by in vitro competitive cellular binding assays. According to the 
predicted and experimentally determined binding affinities, peptides were classified into true or false 
predicted binders and non-binders. Based on this data receiver operating characteristic (ROC) curves 
were generated and the area under the curve (AUCROC) was calculated as a measure of prediction 
performance. No algorithm outperformed the others, but different algorithms were found to predict best 
for particular HLA types and peptide lengths. We evaluated different decision thresholds for each 
prediction algorithm and optimized threshold values to increase the corresponding sensitivity and 
specificity. We provide a guide how to optimally use peptide-MHC class I binding prediction tools to 
increase the chances of predicting true ligands. This could improve the selection of potential targets 
for epitope–driven immunotherapy. 
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Background: Allogeneic hematopoietic stem cell transplantation (HSCT) is a curative treatment for 
adult patients with hematologic malignancies, but is limited by severe graft-versus-host disease 
(GvHD) and opportunistic infections. Acute GvHD (aGvHD) strongly influences the incidence of 
subsequent CMV-reactivations due to the increased immunosuppression and is the leading cause of 
non-relapse-mortality (NRM), contributing to about 25% of deaths after allogeneic HSCT. In addition, 
patients with multiple (recurrent) CMV reactivations have an increased risk for NRM and of aGvHD 
development. Here we analysed the bidirectional influence of CMV-reactivation and acute graft-
versus-host disease (GvHD).  
Methods: To improve the understanding of the bidirectional relationship between CMV-reactivation 
and aGvHD we analyzed CMV-seropositive patients (R+) transplanted from CMV-seropositive donors 
(D+; n=143). The patients were transplanted for acute leukemia (n=99), chronic leukemia (n=37), 
lymphomas (n=3) or non-maligne transplant indications (n=4). These patients were subdivided into 5 
different groups, based on the incidence of CMV-reactivation and onset and severity of aGvHD. We 
analysed the reconstitution of CD3+/CD8+, /CD4+ T cells, CMV-cytotoxic T-lymphocytes (CMV-CTLs) 
and plasma levels of cytokines, chemokine and growth factors on days +30, +60 and +90 (±15) post-
HSCT. The inflammatory environment (cytokine storm) caused by the conditioning regimen may 
influence both, CMV-reactivation and development of aGvHD. The clinical outcomes such as overall 
survival (OS) and non-relapse mortality (NRM) were analysed and correlated in all 5 subgroups.  
Results:  
We observed a significant increase of CD3/CD8+ T cells, higher levels of cytokines and chemokines in 
patients with CMV-R prior to aGvHD grade II-IV. CMV-R prior to aGvHD grade II-IV lead to improved 
OS and decreased NRM when compared to patients with aGvHD grade II-IV prior to CMV-R or 
aGvHD II-IV alone. We found that this was dependent on the immune reconstitution and the presence 
or absence of at least 1 CMV-CTL in the peripheral blood of the patients.  
Conclusion: We found that a better overall survival and decreased NRM correlated significantly to the 
presence of at least 1 CMV-CTL upon CMV-reactivation. The rapid expansion of T cells as well as 
CMV CTLs after CMV-reactivation indicates the faster immune reconstitution of these patients and 
may be responsible for the beneficial effect on OS, if CMV-reactivation precedes aGvHD-
development. 
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Introduction: Cytomegalovirus (CMV) infections occur frequently in renal transplant patients due to 
immunosuppressive therapy inhibiting CMV-specific T-cell immunity. Prophylaxis with antiviral agents 
or pre-emptive strategies to monitor viral load and then treat do not prevent infections sufficiently. It 
was the aim of this study to investigate if the expression of inhibitory molecules on CMV specific T-
cells is associated with the clinical course of renal transplant patients.  
Methods: 30 renal transplant patients were recruited. Peripheral blood was sampled and stimulated 
with CMV lysate, SEB or control serum in presence of anti-CD28/CD49d. After six hours of 
stimulation, CD154 expression was determined by flow cytometry on CD3+ T-cells. The coinhibitors 
PD-1 and BTLA were determined on CD154+CD3+ T-cells. Clinical data was collected retrospectively 
from patient files. Symptomatic CMV infection was defined as CMV syndrome or tissue invasive 
disease. Asymptomatic CMV infection was defined as detectable CMV replication in peripheral blood 
and absence of signs indicating CMV syndrome/tissue invasive disease.  
Results: Two renal transplant patients were at low risk for CMV infection according to donor /recipient 
CMV IgG sero-status at the time of transplantation (D neg / R neg). Seven patients had a high risk 
according to sero-status (D pos /R neg) and the remaining 21 patients were confined to the 
intermediate risk group (D pos /R pos or D neg / R pos). Patients with low risk were excluded for 
further analysis. PD-1 expression was significantly enhanced on CMV-specific CD3+ T-cells in patients 
with a history of symptomatic CMV infection (n=6) as compared to patients with asymptomatic CMV 
(n=14) infection (CD3+CD154+: % of PD-1+ 63.8 ±16.0% vs. 37.2 ±19.4%, p=0.006). Likewise, 
expression of BTLA on CMV-specific T-cells was significantly increased in patients with symptomatic 
versus asymptomatic CMV infection (CD3+CD154+: % of BTLA+ 89.3 ±9.5% vs. 66.0 ±22.0%, 
p=0.003).  
Conclusion: Patients with symptomatic CMV infection had enhanced expression of PD-1/BTLA on 
virus-specific T-cells. The coinhibitors PD-1/BTLA usually promote T-cell suppression. Therefore, 
increased expression of PD-1/BTLA on CMV-specific T-cells may compromise viral control and could 
serve as biomarker to stratify patients at risk. 
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Newly emerging and re-emerging viruses, as Ebola virus (EBOV), constitute a global threat and 
require fast countermeasures. Therefore, the availability of effective and well-tolerated vaccines in 
large scale in exceptional short time frame is necessary. Synthetic self-replicating RNAs based on a 
non-infectious alphavirus (replicons) seemingly have all such properties. Replicons are safe, strong 
immune-stimulators and can be produced cost-effective in large quantities, cell-free and GMP grade.  
A cooperation of DZIF TTU Emerging Infections with the company BioNTech RNA Pharmaceuticals 
GmbH (BRP) and its close non-profit cooperation partner TRON gGmbH was established to 
implement and improve a vaccine platform based on replicons (BRPs A.I.R© vaccines) in March 2016.  
The highly pathogenic EBOV was chosen as prime target, partially due to the large outbreak in West 
Africa in 2014-2016. Replicons expressing the EBOV matrix protein VP40, the surface glycoprotein 
GP or the nucleoprotein NP were generated and characterized in cell culture. Animal experiments 
followed to monitor immune responses against the EBOV proteins expressed by the replicon vaccines. 
Vaccine dose, immunization scheme and the suitable mouse model were determined for each EBOV 
replicon.  
EBOV-specific antibodies that showed neutralizing capacity against EBOV were found in mice, 
vaccinated with the GP replicon. Vaccination with VP40 or NP replicon induced specific antibodies 
without neutralizing capacity. Strong CD4 T-cell response against NP and GP and CD8 response 
against NP were detected by ELISPOT assays. In addition, GP replicon was combined with either NP 
or VP40 replicon or both to vaccinate mice. Those animals showed a diminished GP-specific immune 
response.  
Overall, replicons expressing foreign antigens represent a promising vaccine platform and can be 
rapidly produced in vitro as made-to-measure product for vaccination against current and upcoming 
public health concerns. The tested replicons expressing EBOV proteins induced a robust immune 
response in mice. Challenge experiments to test efficacy of the vaccine candidates are underway. 
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Infectious diseases of the lower respiratory tract rank among the top five causes of death with 3.2 
million cases in 2015 (world health organization, WHO). Especially, the increasing numbers of 
infections with drug-resistant pathogens that are refractory to standard or reserve antibiotic therapy, 
represent a major concern and highlight the need of alternative treatment strategies. Since alveolar 
macrophages represent the first line of cellular pulmonary immunity, we here propose to develop a 
novel, cause-directed cell based therapy for life threatening, pulmonary infections. While the large-
scale and on demand generation of target cells from peripheral blood or other sources is hardly 
feasible, we envision to use the unlimited proliferation and differentiation potential of induced 
pluripotent stem cells (iPSCs) as an alternative cell source.  
As a first step, we have established a hematopoietic differentiation protocol allowing for the scalable 
and continuous generation of iPSC-derived macrophages. We have generated so-called “myeloid cell 
forming complexes (MCFCs)” in the presence of human interleukin-3 (hIL-3) and human macrophage 
colony-stimulating factor (hM-CSF) from human iPSC, which produced macrophages (iPSC-MAC) 
with a purity of >90% from day 14 onwards over a period of 3-5 months at a quantity of 0.5-1.5 x 106 
cells/week per 3.5 cm well. Detailed characterization of iPSC-MAC revealed typical morphology as 
well as expression of classical surface markers, such as CD45, CD11b, CD14, and CD163, whereas 
the pluripotency marker TRA-1-60 was absent. Moreover, iPSC-MAC were able to phagocytose latex-
beads in a time-dependent manner.  
iPSC-MAC were also evaluated for their antimicrobial properties against Pseudomonas aeruginosa (P. 
aeruginosa) and Staphylococcus aureus (S. aureus). In vitro experiments showed efficient 
phagocytosis of fluorescently labeled P. aeruginosa by iPSC-MAC in comparable efficiency to 
peripheral blood mononuclear cell derived macrophages (PBMC-MAC). Additionally, whole 
transcriptome analysis of iPSC-MAC before and after contact with P. aeruginosa revealed marked 
upregulation of defined gene sets associated with activated innate immunity and pathogen clearance.  
Thereafter we sought to investigate the antimicrobial activity or iPSC-MAC also against S. aureus. 
Similar to P. aeruginosa, iPSC-MAC also showed rapid and efficient phagocytosis of S. aureus bio-
particles labeled with the lysosomal tracker pHrodo. Moreover, iPSC-MAC successfully killed viable S. 
aureus similar as PBMC-MAC, further underlining their use as a cellular therapeutic.  
In summary, we here demonstrate the scalable generation of functional macrophages from human 
iPSC, with strong antimicrobial activity against the clinically relevant pathogens P. aeruginosa and S. 
aureus. Prospectively paving the way for an innovative cell-based and antibiotic-independent 
treatment strategy for severe pulmonary infections. 
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Einleitung: Die Therapie mit dem Komplementinhibitor Eculizumab ist aufgrund des Wirkmechanismus 
mit einem erhöhten Risiko für Meningokokkeninfektionen (Neisseria meningitidis) assoziiert. Die 
Durchführung einer entsprechenden Impfung wird daher empfohlen. Eine Impftiterbestimmung nach 
Impfung mit proteinbasierten Serogruppe B-Impfstoffen ist aufgrund der Verwendung von humanem 
Komplement unter Therapie mit Eculizumab aktuell nicht möglich. Die Wirksamkeit der quadrivalenten 
Meningokokken-Impfung (Serogruppen A, C, Y, W135) wurde bei Patienten mit atypischem 
hämolytisch-urämischen Syndrom (aHUS) und Therapie mit Eculizumab bislang nicht untersucht.  
  
Material und Methoden: 18 Patienten mit aHUS (7 männlich/11 weiblich; 41 ± 14 Jahre) erhielten 
unmittelbar vor Beginn der Behandlung mit dem Komplementinhibitor Eculizumab entsprechend der 
regulatorischen Richtlinien einen quadrivalenten Impfstoff gegen Meningokokken. Bei 9 Patienten lag 
zum Zeitpunkt der Impfung ein aHUS mit akutem Nierenversagen vor, 9 Patienten entwickelten das 
aHUS nach Nierentransplantation. Bei der Mehrzahl der Patienten wurden vor Therapiebeginn mit 
Eculizumab Plasmapheresen und Kortikosteroidgaben durchgeführt. Bei allen Nierentransplantierten 
bestand eine immunsuppressive Kombinationstherapie. Der Nachweis von bakteriziden Antikörpern 
erfolgte mittels Serumbakterizidietest unter Verwendung von Kaninchen-Komplement im Nationalen 
Referenzlabor für Meningokokken und Hämophilus influenzae.  
  
Ergebnis: Nur bei 2 Patienten mit akutem Nierenversagen und bei keinem Patienten nach 
Nierentransplantation konnten protektive Impftiter gegen alle getesteten Serogruppen nachgewiesen 
werden. Bei 5 Patienten konnten protektive Impftiter gegen die Serogruppen A und W135 
nachgewiesen werden, jeweils 11 Patienten zeigten protektive Titer gegen die Serogruppen C und Y. 
Das Impfansprechen schien bei Patienten mit akutem Nierenversagen und solchen nach 
Nierentransplantation nicht signifikant unterschiedlich zu sein.  
  
Schlussfolgerung: Die einmalige quadrivalente Meningokokkenimpfung gegen die Serogruppen A, C, 
Y und W135 zeigt kein ausreichendes Ansprechen bei Patienten mit aHUS. Daher sollte eine 
geeignete antiobiotische Prophylaxe zur Vermeidung lebensbedrohlicher Meningokokkeninfektionen 
bei diesen Patienten durchgeführt werden. 
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rVSV-ZEBOV represents a replication-competent vesicular stomatitis virus-vectored Ebola vaccine 
expressing the surface glycoprotein of Ebola virus. We performed a Phase I trial in thirty healthy adults 
with three ascending doses (3x105 plaque forming units (PFU), 3x106 PFU, 2x107 PFU) as part of the 
WHO-led VSV-Ebola consortium. Beyond our study which revealed induction of adaptive immune 
responses, the Phase III study Ebola ça suffit showed a high level of vaccine efficacy. Based on these 
results, rVSV-ZEBOV is currently undergoing advanced stages of licensing, which makes it imperative 
to better understand the underlying molecular mechanisms leading to vaccine response.  
microRNAs (miRNAs) are small non-coding RNAs that suppress protein levels by binding target 
sequences on their cognate mRNA. Since several studies revealed an important role of miRNAs in 
modulating signaling pathways during the immune response, it is highly conceivable that these 
molecules also have an important impact on vaccine efficacy.  
  
Our approach implied a high-throughput-screening to comprehensively investigate the network of 
miRNA and mRNA induced by rVSV-ZEBOV. We evaluated expression profiles of circulating and 
intracellular miRNAs at four different timepoints (day 0, 1, 3 and 14 p.v.) following rVSV-ZEBOV 
immunization. For this approach, we isolated RNA from plasma and PBMCs to perform qPCR and 
NGS, respectively. To correlate the miRNome of PBMCs with the transcriptome induced upon 
immunization, we additionally performed RNA Seq. To evaluate the relevance of the identified 
miRNAs, we applied gene ontology analysis.  
  
We identified dose-dependent profiles of circulating and intracellular miRNAs at day 1 and 3 post 
vaccination, predominantly observing miRNA downregulation. Significantly downregulated miRNAs, 
such as miR-146a-5p and miR-199a-3p, are associated with pathways of immune modulatory 
response, like the Toll-like receptor-, IL-2R β-chain in T cell activation- or B cell survival-pathway.  
In addition, the transcriptome analysis underscored a strong dose-dependent response to the vaccine 
similar to the miRNA profile. Currently, evaluations are ongoing to investigate the miRNA:mRNA 
dynamics induced by rVSV-ZEBOV.  
The biological relevance of the miRNAs in response to rVSV-ZEBOV immunization was underscored 
by identifying significant correlations with cytokines (IL-2, TNFα and IFNγ).  
  
Our study provides a unique opportunity to evaluate the immunological network of complex events and 
interactions following vaccination. We observed a distinct miRNA and mRNA profile in vaccinees 
immunized with rVSV-ZEBOV. This approach might help to accelerate strategic vaccine design by 
identifying predictors of immunogenicity and potentially unravels unknown mechanisms that underlie 
protective immune responses. 
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Non-plaque-forming virions of Modified Vaccinia virus Ankara express viral genes 

 
A. Volz, A. Freudenstein, L. Marr, G. Sutter 
Institut für Infektionsmedizin und Zoonosen, LMU München,, München, Germany 
 
In cell culture infections with vaccinia virus the number of counted virus particles is substantially higher 
than the number of plaques obtained by titration. We found that standard vaccine preparations of 
recombinant Modified Vaccinia virus Ankara produce only about 20-30% plaque-forming virions in fully 
permissive cell cultures. To evaluate the biological activity of the non-plaque-forming particles, we 
generated recombinant viruses expressing fluorescent reporter proteins under transcriptional control 
of specific viral early and late promoters. Live cell imaging and automated counting by fluorescent 
microscopy indicated that virtually all virus particles can enter cells and switch on viral gene 
expression. Although most of the non-plaque-forming infections are arrested at the level of viral early 
gene expression, we detected activation of late viral transcription in 10-20% of single infected cells. 
Thus, non-plaque-forming particles are biologically active, and likely contribute to the immunogenicity 
of vaccinia virus vaccines. 
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Dominant low avidity clonotypes arise from reverse TCR repertoire evolution during 
chronic CMV infection 
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During infections, the composition of the T cell receptor (TCR) repertoire of antigen-specific CD8+ T 
cells changes over time. For acute infections, TCR avidity maturation is thought to occur by 
preferential expansion of high avidity TCRs. At late time points of chronic infections TCR repertoire 
evolution often leads to dominant T cell clones, but it is incompletely understood whether the TCRs of 
these oligoclonal T cell populations are selected based on avidity. Cytomegalovirus (CMV) transcripts 
expressed during latency elicit a large-sized T cell response, a process known as ‘memory inflation’. 
We here report that during chronic CMV infection, inflationary T cell populations are characterized by 
low structural TCR avidity. We identified several TCRs of different avidity against the same epitope, 
which allows us to study clonal selection based on avidity in a prospective manner, tracking multiple T 
cell clones of different avidity simultaneously in a common host. Our results are in accordance with a 
model of clonal succession, where high avidity clones are succeeded by lower avidity clones after 
proliferation associated senescence. This not only adds to our understanding of immune control during 
chronic infections, but also has profound translational implications, as the presence or absence of high 
avidity TCRs markedly influences the choice of immunotherapeutic strategies. 
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Immune regulatory mechanisms in acute HIV-1 infection 
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Objectives: Chronic HIV-1 infection causes functional T cell exhaustion. Recent data indicate that 
myeloid-derived suppressor cells (MDSC), as well as immune checkpoints on T cells are involved in 
this inhibition of T cell function. Existence and levels of MDSC during primary HIV-1 infection and their 
impact on T cell exhaustion and clinical outcome have not been studied yet. In this study, we aim to 
characterize the dynamics of MDSC and their relationship with immune checkpoint expression on HIV-
specific T cells in acutely infected individuals in the TopHIV cohort. Additionally, we are investigating 
the impact of combined antiretroviral therapy (cART) on these systems.  
  
Methods: We measure MDSC frequencies (both subgroups PMN-MDSC and M-MDSC) in PBMCs 
and expression of the immune checkpoints PD-1, CTLA-4, LAG-3 and TIM-3 on T cells using two 
multicolour flow-cytometry panels for surface and intracellular staining. To identify HIV-specific T cells, 
we stimulate PBMCs with the HIV-peptides Gag, Nef, Rev and Tat. We compare patients from the 
TopHIV cohort with chronically infected HIV-patients and healthy controls. The project is a subproject 
of the translational platform HIV of the German Center for Infection Research (DZIF).  
  
Results: Our data shows that the frequency of PMN-MDSC was markedly elevated and statistically 
significantly higher during primary HIV-1 infection as compared to treated chronic infection (p=0.036) 
and healthy controls (p=0.007). 12 weeks after starting cART, PMN-MDSC levels had decreased 
significantly (p=0.009). In line with published data, we observed higher expression of PD-1, CTLA-4, 
LAG-3 and TIM-3 on CD4+ and CD8+ T cells during HIV-infection compared to healthy controls.  
  
Conclusion: PMN-MDSC frequencies are significantly elevated during primary HIV-infection. cART 
reduces them to the level of healthy controls after 12 weeks of treatment. Currently, we are 
correlateing these results with immune checkpoint expression on T cells and HIV-1 specific T cell 
responses. 
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Development of a new strategy to target intracellular infections with Leishmania 
major: from a natural compound to synthetic derivates 
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The protozoan parasite Leishmania major (L. major) is a causative agent of cutaneous leishmaniasis, 
a neglected tropical disease afflicting millions of people worldwide. Since present therapeutic options 
are limited, new treatment strategies are urgently required.  
The parasite, transmitted by the bite of sandflies, infects and subverts the killing machinery of 
macrophages and dendritic cells (DCs), thereby enabling its multiplication and transmission. 
Molecules that stimulate or reactivate the immune response of infected cells represent promising 
molecules for the treatment of the disease. We recently isolated a glycolipid from the membrane of the 
protozoan parasite Entamoeba histolytica, the lipopeptidephosphoglycan (EhLPPG). This molecule, 
especially the glycophosphatidylinositol (GPI) anchor, exhibits immune stimulatory properties through 
engagement of Toll-like receptors and production of IL-12p70 from macrophages and DCs.  
In the present project, the native EhLPPG molecule as well as synthetic analogs derived from the GPI 
anchor were analyzed for their ability to stimulate macrophages to control intracellular L. major 
infections in vitro and in a mouse model for cutaneous leishmaniasis. Bone marrow-derived 
macrophages (BMDMs) as well as a human macrophage cell line (THP1) were infected with L. major 
metacyclic promastigotes and treated with EhLPPG and synthetic EhLPPG analogs. Intracellular 
Leishmania infection was determined by microscopy and TaqMan PCR, qPCR was employed to 
assess cytokine mRNA-expression following treatment in BMDMs. The influence of local EhLPPG 
administration on the outcome and spreading of L. major infection was investigated in the BALB/c 
mouse model for cutaneous leishmaniasis.  
Treatment with EhLPPG as well as two synthetic analogs was found to significantly reduce the L. 
major load in infected BMDMs and THP1 cells and resulted in an increase in the mRNA expression of 
IL-1ß, IL-12p35 and NOS2 in infected BMDMs. Local injections with EhLPPG decreased the L. major-
dependent footpad swelling, increased the ulceration free time and decreased the L. major spreading 
to the draining lymph nodes.  
Together we conclude that administration of immune stimulatory molecules represents a new 
therapeutic strategy that may support existing anti-leishmanial drug therapies for the local treatment of 
cutaneous leishmaniasis. 
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Humanized mice reconstituted with mature T and B cells for testing novel immune 
modulatory strategies against Epstein-Barr-Virus infection and lymphoma 
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Introduction: Immunocompromised hosts after stem cell transplantation or after solid organ 
transplantation are highly susceptible to Epstein-Barr-Virus (EBV) infections and reactivations. 
Besides the EBV impinged complications of a post-transplant lympho proliferative disease (PTLD), 
EBV is associated with lymphoma development. Until now, no vaccines and EBV-specific monoclonal 
antibodies have been marketed. Due to the fact that EBV has a tropism only for humans and for some 
monkeys, in vivo testing of these immune modulators is difficult. Thus, we seek to establish 
humanized mouse models with adaptive immune responses to model control of EBV infection.  
  
Methods: Nod.Rag.Gamma (NRG) mice transplanted with CD34+ cord blood hematopoietic stem cells 
were used for direct EBV (B95.8/EGFP) challenge. This model will be used to evaluate viral-like 
particles (VLPs), monoclonal antibodies, engineered dendritic cells (iDCs) and T cells engineered with 
chimeric antigen receptors (CARs). VLPs developed in the Hammerschmidt group are being adapted 
for GMP production. Highly neutralizing antibodies targeted against gp350 were developed and 
validated in vitro in the Zeidler laboratory. Induced DCs co-expressing GM-CSF, IFN- α and gp350 
were produced in the Stripecke laboratory.  
  
Results: 15-17 weeks after HSCT, mice were challenged with EBV (103-105 GRU, i.v.). Mice were 
monitored for body weight, viral blood load, for the composition of immune cells and tumor formation. 
Starting at 5 weeks post-infection, mice start to lose CD19+ B cells in peripheral blood, followed by a 
sharp increase in the frequencies of CD8+ T cells a few weeks later. After sacrificing the mice 10 
weeks post EBV infection, we observed that the majority of mice showed tumor formation. The 
distribution of the tumors was diverse, affecting mainly spleen, liver, kidney and the pancreas. 
Analysis of splenocytes revealed that transitional B cells were nearly absent, indicating that EBV 
infection affected B cell development and maturation. On the other hand, numbers of CD8+ cytotoxic T 
cells increased in spleen, but the cells showed high expression of the check-point PD-1. Once the 
animal model is further established (testing other strains for bioluminescence optical imaging 
analyses) we will assess the therapeutic effects of the above mentioned immunomodulatory strategies 
in vivo. 
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The urgent need for a vaccine against Ebola virus (EBOV) was underscored by the large outbreak in 
West Africa in 2014 with more than 28,000 cases and 11,000 fatalities. If untreated, the case fatality 
rate of Ebola virus disease can reach 90% and until today no causal therapy is available. Although 
several promising vaccine candidates have been tested successfully in animal models and in recent 
clinical trials in humans, none of those is licensed yet.  
Based on the recombinant Modified Vaccinia virus Ankara (MVA), new vaccine candidates comprising 
the EBOV glycoprotein (MVA-GP) or nucleoprotein (MVA-NP) were developed and tested for efficacy 
in a mouse model. Another objective was to assess the correlates of protection of both vaccine 
candidates which include neutralizing antibodies and/or CD8+ T cells.  
Type I interferon receptor knockout (IFNAR -/-) mice were immunized with the different vaccine 
candidates in a prime-boost regimen and mock-vaccinated mice served as controls. Vaccinated mice 
were infected intranasally with EBOV and monitored for clinical signs. Serum and organ samples were 
taken at different time points p.i. and evaluated for viral load by quantitative real time RT-PCR and 
immunoplaque assay. Sera were used for clinical chemistry and organ samples were examined by 
H&E staining, immunohistochemistry and in situ hybridization. Antibody-based depletion of CD 8+ T 
cells in MVA-NP vaccinated mice was performed to evaluate the role of these cells for protective 
immunity.  
Mice vaccinated with MVA-GP and MVA-NP developed high titers of EBOV-specific antibodies which 
were in parts virus-neutralizing. In contrast to the mock-vaccinated mice which succumbed to EBOV 
infection, all mice vaccinated with MVA-GP and MVA-NP survived and showed decreased viral loads 
in serum and organs. Furthermore, protected mice showed reduced organ pathology including liver 
necrosis and clinical chemistry was within physiological range. Depletion of CD 8+ T cells of the MVA-
NP vaccinated mice resulted in susceptibility of the otherwise protected mice indicating the importance 
of these cells for the protective immune response against EBOV.  
The MVA-based vaccines against EBOV GP and NP induced a protective immunity in mice. While for 
MVA-GP the virus-neutralizing antibodies seem to be the most important correlate of protection, the 
cytotoxic CD 8+ T cells seem to play the major role in the protective immune response for the MVA-
NP vaccine candidate. Both vaccines are therefore efficient in the tested mouse model and promising 
candidates for further analyses. 
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anatomical sites of reactivation by optical imaging analyses and modulation of T and 
B cell maturation in lymphatic tissues 
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Introduction: Human cytomegalovirus (HCMV) reactivation after hematopoietic stem cell 
transplantation leads to high morbidity and mortality. Although monocytes are the primary 
hematopoietic reservoirs of viral latency, the anatomical sites where viral lytic reactivations 
preferentially occur have not been described in an experimental in vivo model. Here, we explored an 
engineered HCMV strain expressing the Gaussia luciferase (gLUC) downstream of the EI1 promoter 
to characterize the bio-distribution of viral reactivation by bioluminescence optical imaging (BOI) 
analyses. NOD.Cg-Rag1tm1Mom Il2rgtm1Wjl/SzJ) (NRG) mice transplanted with CD34+ cord blood 
hematopoietic stem cells (CB-HSCs) were used as surrogate immune compromised hosts for 
infection. Viral reactivation was stimulated with recombinant granulocyte colony stimulating factor (G-
CSF).  
Methods: MRC-5 lung fibroblast cells were infected with HCMV (TB40-IE1-gLUC1 ), cultured for 3 days 
and cryopreserved. Thawed infected MRC-5 initiating the viral lytic phase were characterized by viable 
cell counts, expression of gB and IE1 by flow cytometry and secretion of gLUC by luminometry. 
HCMV-carrying MRC-5 cells were thawed and administered i.p. (106 per mouse) into G-CSF-treated 
mice at 15-17 weeks post HSCT (controls n=4 and infected n=12). A sub-cohort of infected mice was 
re-treated with G-CSF a week prior to the endpoint analyses at 23 weeks post HSCT. Prior to BOI 
analyses, coelenterazine was injected i.v., and the total flux (p/s) and the average radiance 
(p/s/cm²/sr) was measured. After sacrifice, mouse tissues were collected for flow cytometry, RT-q-
PCR and histopathological analyses.  
Results: Frontal imaging analyses demonstrated that luminescence signal was brighter in G-CSF-
treated infected mice and diffused more intensively in the abdominal areas of liver/spleen/ gut and in 
discrete areas of inguinal lymph nodes and in salivary glands. Viral genomic copies were detected in 
spleen, liver, bone marrow, lymph nodes and salivary glands. Presence of apoptotic cells were 
confirmed in salivary glands. Whereas infected mice showed higher frequencies and numbers of 
mature T and B cells in several primary and secondary lymphatic tissues, G-CSF reactivation showed 
a shortfall in these cell populations.  
Conclusion: Optical imaging analyses combined with multicolor flow cytometry can be used in this 
model to study the effects of drugs, vaccines and monoclonal antibodies in a non-invasive manner in 
the reactivation of HCMV in human hematopoietic cells.  
1Falk, Sinzger et al., 2016, Journal of Virological Methods, 182–189 
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Introduction  
Reactivated infection with human cytomegalovirus (HCMV) is associated with poor outcome in 
immune compromising conditions, such as stem cell transplantation (SCT). Adoptive transfer of 
HCMV-reactive T cells in a SCT-setting has proven efficacious, but the approach is problematic when 
seropositive donors are not available. Hence, we propose to generate T cells expressing HCMV-
specific chimeric antigen receptors (CARs) from HCMV seronegative donors to control viral lytic 
reactivation. As a target, we chose the highly conserved surface-bound HCMV-glycoprotein B (gB) 
that is abundantly expressed on cells hosting lytic replication. We hypothesize that interaction of CAR 
T cells with antigens in the presence of a professional antigen presenting cell would provide optimal 
homeostatic and antigenic stimuli. Here, we explored the combination of gB-CAR T cells with 
engineered dendritic cells expressing gB to combat HCMV.  
Methods  
gB-CARs were constructed by fusion of single-chain variable fragments of a highly affine gB-specific 
human mAB (SM5-1) to CAR-backbones comprising CD28/CD3ζ domains. Transduction of human T 
cells with γ-retroviral vectors yielded >95% CAR-expression. Co-transduction of human monocytes 
with lentiviral vectors encoding GM-CSF/IFNα and gB directed self-differentiation into induced 
dendritic cells with high levels of gB-surface expression (iDCgB).  
Results  
Mesenchymal stem cells (MSCs) were chosen as target cells because they are permissive to HCMV-
infection albeit poor stimulators of allogeneic responses. We used the HCMV-strain TB40 expressing 
a secretable Gaussia luciferase to report viral replication (HCMV-gLuc). gB-CAR T cells effectively 
killed infected MSCs (MOI 10-2), assessed by lower detection of gLuc-luminescence and death of 
target cells by flow cytometry. gB-CAR T cells co-cultured with HCMV-infected MSCs proliferated and 
secreted IFNγ. Neither CD19-CAR T cells nor uninfected MSCs reproduced these effects. Notably, 
iDCgB boosted gB-CAR T cell expansion (6-fold increase in cell counts) and stimulated the CAR 
expression levels (2-fold increase in MFI). Using Nod.Rag mice transplanted with human 
hematopoietic stem cells as surrogate hosts for HCMV-gLuc reactivation, we could follow bio-
distribution of the infection by optical imaging and RT-PCR. We are currently utilizing this model to 
evaluate effects of gB-CAR T cells alone and in combination with iDCgB in vivo to control or ultimately 
clear HCMV.  
Conclusions  
gB-CAR T cells can kill HCMV-infected cells in vitro. Their activation can be heightened in combination 
with iDCgB. Optimal surface gB expression by activated DCs highly secreting IFNα are likely to result 
into more persistent gB-CAR T cell functions along with antiviral activities. Additive or synergistic 
effects of gB CAR T-iDCgB to control HCMV infection are currently being further investigated in vitro 
and in vivo. 
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embryos 
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The Modified Vaccinia virus Ankara (MVA) is a replication deficient, highly attenuated vaccinia virus 
serving as a promising viral vector platform for the development of vaccines against infectious 
diseases and cancer. The objective of our research is to deepen the understanding of the MVA 
infection in different host systems to further improve our knowledge on the biodistribution of MVA-
based vaccines and the in vivo cell tropism of the virus.  
In this study we used wildtype MVA and a recombinant MVA expressing fluorescent reporter proteins 
GFP and mCherry under transcriptional control of specific viral early and late promoters. The 
chorioallantoic membrane (CAM) of embryonated chicken eggs was inoculated with 1000 plaque-
forming units of wildtype and recombinant MVA. PBS was used as inoculation control. The infection 
was analyzed by fluorescence microscopy, accompanied by histology, immunohistochemistry, and 
virus titration of several parenchymatous organs.  
MVA infection resulted in small to medium-sized proliferative pocks at the inoculation site. Wildtype 
and recombinant MVA displayed generalized spread beyond the inoculation site at the CAM. Target 
tissues in this avian in vivo model were CAM, liver, and hematopoietic tissues, which displayed viral 
gene expression suggesting productive MVA replication.  
Our analyses revealed new insights of the course of MVA infection in the embryonated chicken egg 
and provides a good model to further elucidate the MVA-avian host interactions. 
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Nipah Virus (NiV), a highly pathogenic zoonotic paramyxovirus (BSL4), is transmitted from fruit bats 
via pigs (as intermediate hosts) to humans. In humans, NiV infection results in severe acute 
respiratory syndrome and fatal encephalitis. Due to their presence in wildlife hosts, their capacity to 
infect a wide range of animals and due to their relative ease of propagation, NiV is considered as an 
emerging agent of particular concern by health authorities. Thus, safe and efficacious vaccines are 
sought for NiV prophylaxis in humans and animals. Modified Vaccinia virus Ankara (MVA), a highly 
attenuated strain of vaccinia virus originating from growth selection on chicken embryo fibroblasts 
serves as one of the most advanced recombinant poxvirus vectors in preclinical research and human 
clinical trials for developing new vaccines against infectious disease and cancer. Our objective was to 
use recombinant MVA compatible with clinical evaluation to express the NiV antigens G and F and 
fulfilling the requirements to undergo clinical testing in humans. The NiV tetrameric attachment protein 
G and the trimeric fusion protein F are important candidate immunogens for the development of 
vaccines. The cDNA containing the entire gene sequence encoding the NiV G and F antigen was 
obtained by DNA synthesis and modified by introducing silent mutations that remove three termination 
signals for vaccinia virus transcription. The target genes were cloned into MVA vector plasmids and 
introduced by homologous recombination into the MVA genome. MVA-NiV-G and MVA-NiV-F were 
genetically stable and replicated efficiently in CEF but not in human HeLa or HaCat cells. The latter 
findings confirmed that the recombinant viruses could be handled under biosafety level 1 conditions. 
Infections of human cell cultures with recombinant MVA demonstrated efficient synthesis and 
secretion of NiV proteins in mammalian cells non-permissive for MVA replication. Thus, further testing 
of the recombinant MVA-NiV as candidate vaccines is warranted to evaluate immunogenicity and 
efficacy in NiV animal models. 
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Over ninety percent of the human population worldwide is estimated to be seropositive for the Epstein-
Barr virus (EBV). Most infected individuals remain asymptomatic latent virus carriers owing to virus-
specific T cell-mediated immunity. In agreement with this, immunodeficiency can lead to virus-driven 
diseases, including lymphoproliferative syndromes that have been successfully prevented and treated 
by adoptive T cell therapy (ACT). Such therapy with EBV-specific T cells, however, is currently 
applicable only to a limited set of patients. Improving the applicability and efficacy of ACT depends on 
the rapid availability of T cell preparations that not only contain virus-specific effector cells but fit with 
the HLA type of the individual patient and with the disease-associated EBV antigen expression 
pattern. A further level of complexity is afforded by the observation that individual EBV strains of 
patients can differ significantly from the few laboratory strains that have been used until now for 
studying antiviral immunity.  
In this project, we are aiming at a complex EBV epitope data bank that summarizes important results 
from basic research and clinical studies and finally will guide the clinician in selecting the appropriate 
individual T cell preparation. Until now we have collected around 300 EBV epitopes recognized by 
CD4+ and CD8+ T cells from literature and from our own work. These epitope peptide sequences are 
systematically being analyzed for polymorphisms and their impact on T cell recognition is being 
investigated. To test whether the epitopes are presented from endogenous proteins, B cell lines are 
generated with different EBV strains and investigated for recognition by established EBV-specific T 
cell clones. To search for novel EBV epitopes we are generating T cell clones from donors with 
different HLA types focusing on HLA molecules rare in Caucasians but common in other ethnic 
groups. This approach is expected to shed light on the EBV epitope repertoire that can be used to 
generate protective T cell responses in a given HLA context. The ongoing collection and 
characterization of published as well as novel EBV epitopes identified in our group is expected to 
provide the basis for a comprehensive scoring matrix that will guide clinicians and researchers in 
selecting epitopes and T cells for EBV-specific ACT in each patient. 
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The Ebola virus (EBOV) is amongst the most virulent pathogens to humans. Since its discovery 
numerous outbreaks have been reported with case fatality rates between 40 and 90%. Currently there 
is neither a causal therapy nor an approved vaccine available. Thus, it is extremely important to 
establish a broad spectrum of tools to further study the tropism and pathogenicity of the virus as well 
as its replication and transcription strategies. This will help to facilitate the development and the 
evaluation of effective and safe vaccine candidates and antiviral therapeutics.  
In the present study, histological cross-sections from organs of type I interferon receptor knockout 
(IFNAR -/-) mice, immunized with a newly developed Modified Vaccinia virus Ankara (MVA)-based 
vaccine targeting the EBOV nucleoprotein (NP) and glycoprotein (GP) prior to infection with the EBOV 
strain Mayinga, were used to test vaccine efficacy. Non- or mock-vaccinated IFNAR (-/-) mice served 
as negative controls. RNA probes for in situ hybridization in genomic or anti-genomic orientation 
directed against the EBOV NP, GP and the matrixprotein (VP 40) genes were developed to detect 
viral genomic RNA and viral mRNA, respectively. The same tissues stained with hematoxylin and 
eosin were analyzed for virus-induced histopathologic alterations. Moreover, organ homogenates of 
vaccinated and subsequently challenged mice were used to correlate the histological findings with 
results of a quantitative real time RT-PCR (qPCR).  
The RNA probes for in situ hybridization were successfully established for detection of viral genomic 
RNA and mRNA coding for the EBOV GP, NP and VP 40. In non- or mock-vaccinated mice EBOV-
specific RNAs were found especially in liver, spleen and thymus, in which abundant cells were stained 
by in situ hybridization and high copy numbers were detected by qPCR. Lymph nodes, lungs, ovaries 
and uteri were also tested positive, even though to a lesser extent. In other organs viral genomic or 
viral mRNA was rarely detectable. Among the MVA-vaccinated mice, both groups, either vaccinated 
with MVA-EBOV-GP or MVA-EBOV-NP revealed a reduction of both viral genomic RNA and mRNA in 
lung, liver and spleen. Likewise significant reduction of the pathology, mainly comprising liver necrosis, 
was determined.  
In conclusion, in situ hybridization is an effective method to screen for the presence of virus RNA in 
diverse tissues and allows to study replication and transcription within heterogeneous cell types. The 
reduction of genomic viral RNA and viral mRNA in MVA-EBOV-GP and MVA-EBOV-NP vaccinated 
mice underscores that these vaccines are promising candidates for further evaluation. 
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Introduction: Cytomegalovirus (CMV) infections occur frequently in renal transplant patients due to 
immunosuppressive therapy inhibiting CMV-specific T-cell immunity. Prophylaxis with antiviral agents 
or pre-emptive strategies to monitor viral load and then treat do not prevent infections sufficiently. It 
was the aim of this study to investigate if the expression of inhibitory molecules on CMV specific T-
cells is associated with the clinical course of renal transplant patients.  
Methods: 30 renal transplant patients were recruited. Peripheral blood was sampled and stimulated 
with CMV lysate, SEB or control serum in presence of anti-CD28/CD49d. After six hours of 
stimulation, CD154 expression was determined by flow cytometry on CD3+ T-cells. The coinhibitors 
PD-1 and BTLA were determined on CD154+CD3+ T-cells. Clinical data was collected retrospectively 
from patient files. Symptomatic CMV infection was defined as CMV syndrome or tissue invasive 
disease. Asymptomatic CMV infection was defined as detectable CMV replication in peripheral blood 
and absence of signs indicating CMV syndrome/tissue invasive disease.  
Results: Two renal transplant patients were at low risk for CMV infection according to donor /recipient 
CMV IgG sero-status at the time of transplantation (D neg / R neg). Seven patients had a high risk 
according to sero-status (D pos /R neg) and the remaining 21 patients were confined to the 
intermediate risk group (D pos /R pos or D neg / R pos). Patients with low risk were excluded for 
further analysis. PD-1 expression was significantly enhanced on CMV-specific CD3+ T-cells in 
patients with a history of symptomatic CMV infection (n=6) as compared to patients with asymptomatic 
CMV (n=14) infection (CD3+CD154+: % of PD-1+ 63.8 ±16.0% vs. 37.2 ±19.4%, p=0.006). Likewise, 
expression of BTLA on CMV-specific T-cells was significantly increased in patients with symptomatic 
versus asymptomatic CMV infection (CD3+CD154+: % of BTLA+ 89.3 ±9.5% vs. 66.0 ±22.0%, 
p=0.003).  
Conclusion: Patients with symptomatic CMV infection had enhanced expression of PD-1/BTLA on 
virus-specific T-cells. The coinhibitors PD-1/BTLA usually promote T-cell suppression. Therefore, 
increased expression of PD-1/BTLA on CMV-specific T-cells may compromise viral control and could 
serve as biomarker to stratify patients at risk. 
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Zika virus (ZIKV) is a mosquito-borne flavivirus which causes considerable problems in South 
America. Although most ZIKV infections are usually asymptomatic or mild, it can cause severe birth 
defects, such as microcephaly in case of transplacental transmission to the fetus. Unfortunately, there 
are no licensed ZIKV vaccines yet. Recombinant measles virus (MV) constitutes a promising vaccine 
vector platform to induce immunity against foreign pathogens by additional expression of respective 
antigens. Thereby, a recombinant MV encoding a ZIKV antigen has been generated. We aimed to 
analyze the efficacy of this vaccine by measuring humoral and cellular immune responses. In addition, 
we are currently examining the efficacy of this ZIKV vaccine in an in vivo challenge model of pregnant 
mice.  
  
We acquired a recombinant Schwarz-strain MV that additionally encodes the ZIKV prM and the 
soluble domain of the E protein (MV-ZIKV-sE). Vero cells infected with MV-ZIKV-sE revealed 
expression of the sE antigen, and MV-ZIKV-sE replicated with vaccine-strain characteristics. To 
determine its immunogenicity, IFNAR-/--CD46Ge mice were immunized with MV-ZIKV-sE or respective 
controls in a prime-boost regimen. ZIKV-specific humoral responses were analyzed by ELISA, and 
neutralizing antibodies were quantified by plaque reduction neutralizing titers (PRNT). While no prM-
specific antibodies were detectable, MV-ZIKV-sE induced anti-E antibodies in the range of 1,000 to 
5,000 U/ml 21 days after boosting, with PRNT50 values reaching up to 1,280. Our data furthermore 
indicated effective boosting of humoral anti-ZIKV immunity. Cellular immunity was assayed by IFN- ϒ 
ELISpot and T cell proliferation assay after re-stimulation of splenocytes with overlapping peptides, 
recombinant proteins, or MV bulk antigen. ELISpot analysis revealed about 200 ZIKV-reactive IFN- ϒ 
secreting cells per 106 splenocytes, while stimulation with recombinant ZIKV E protein yielded 40% of 
proliferating T cells.  
  
We are currently investigating the efficacy of MV-ZIKV-sE in a challenge model of pregnant mice. 
Female IFNAR-/--CD46Ge mice were vaccinated in a prime-boost regimen with MV-ZIKV-sE, mated at 
least 21 days after the boost, and were challenged s.c. with ZIKV on E7.5. Organs and fetuses of 
pregnant dams were harvested on E15.5. In the ZIKV-sE-vaccinated mice, Zika RNA was 
undetectable via quantitative real time PCR on days 7 and 8 post infection, while in the control-
vaccinated animals the viremia lasted until 8 days p.i. at the time of organ harvest. In addition, all 
tested organs from the MV-sE-vaccinated group were negative for ZIKV RNA, while mean ZIKV titers 
from control vaccinated animals were least 1.5 log10 levels higher.  
  
Based on the safe and immunogenic replicating vaccine platform MV-Schwarz, a prototypic ZIKV 
vaccine has been generated that triggers significant humoral and cellular anti-ZIKV immune responses 
and shows first promising results in the pregnant mouse challenge model. 
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Background  
Type1 interferons (IFNs), including IFNα, upregulate cellular innate sensors with some acting as host 
restriction factors in CD4+ T cells to suppress HIV-1 replication. HIV-1 strains can differ in their 
sensitivity to IFNα-mediated restriction. HLA-B27+ “Elite Controllers” have been suggested to control 
HIV-1 through specific cytotoxic T-cells (CTL), which exert immune selection pressure on HIV resulting 
in CTL-escape mutations. Our aim was to determine whether the HLA-B27-restricted CTL escape 
mutation R264K (RK) in p24 Gag and the compensatory mutations R264K+L268M (RK+LM) and 
S173A+L268M+R264K (SA+RK+LM) influence the sensitivity of HIV-1 to IFNα-induced restriction.  
Methods  
Site-directed mutagenesis of an HIV1 NL4-3Δenv strain expressing GFP was performed to introduce 
the respective p24 Gag mutations. Infection was assessed in Jurkat T-cells and Jurkat T-cells with a 
CypA knockout (Jurkat CypA-/-). For IFNα-sensitivity assays, HIV-1 GFP-infected Jurkats and Jurkat 
CypA-/- T-cells were pre-incubated with increasing doses of IFNα. Infectivity of Jurkat cells was 
measured using flow cytometry.  
Results  
Wild-type HIV-1 NL4-3 (WT) infection rates of Jurkat cells were significantly higher than those of 
Jurkat CypA-/- cells, suggesting dependence of WT replication on CypA. In IFNα-stimulated Jurkat 
cells, WT infection rates were reduced by 19%, while WT infection rates were reduced by 50% in 
IFNα-stimulated Jurkat CypA -/-, indicating that CypA/capsid interactions enable WT virus to evade 
IFNα-induced restriction factors. In contrast, HIV-1 containing the RK and RK+LM mutations showed 
higher infection rates of Jurkat CypA-/- cells compared to Jurkat cells, and viral replication in Jurkat 
cells was strongly inhibited by IFNα-exposure (RK: 41%; RK+LM: 35%). Addition of the compensatory 
SA mutation (SA+RK+LM) reconstituted infection rates to levels similar as WT, including increased 
susceptibility to IFNα-mediated inhibition in Jurkats CypA -/- cells.  
Conclusion  
Our data suggest that HIV containing the RK and RK+LM mutation are less dependent on CypA than 
WT. However, weak CypA/capsid interactions might expose these mutated strains to IFNα-induced 
restriction factors that compete with CypA for their binding site, thereby rendering these strains more 
sensitive to IFNa in Jurkats. This highlights the role of CypA/capsid interactions in protecting HIV-1 
from antiviral restriction factors, and provide a mechanism by which HLA-B27-restricted CTL escape 
mutations in capsid can result in a loss of viral fitness. 
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Community Acquired Pneumonia (CAP) is one of the leading causes of death worldwide and 
Streptococcus pneumoniae (S. pn.) is the most prevalent causative pathogen. Despite antibiotic 
therapy and comorbidity management, mortality has remained about 12-13 % since the 1950s. The 
differences in survival of CAP patients receiving antibiotic therapy could originate from various host-, 
pathogen- or drug-associated factors. This study provides detailed analysis of host factors putatively 
involved in therapy failure.  
As a first step towards understanding different disease outcomes of bacterial pneumonia despite 
adequate antibiotic therapy, S. pn.-infected mice were treated with ampicillin starting at different times 
post infection (p.i.). At the start of early antibiotic intervention (24 h p.i.), pneumonia was already 
established, evident by increased levels of inflammatory cytokines, recruitment of PMNs as well as 
clinical scores, e.g. decreased body temperature and weight.  
Early antibiotic intervention (24 h p.i.) rescued mice, limited clinical symptoms and restored fitness, 
whereas delayed therapy (48 h p.i.) resulted in high mortality rates. Obviously, general residence time 
of streptococci in alveolar space and blood was prolonged with delayed treatment, resulting in an 
extended exposure period. However, following antibiotic therapy, eradication of bacteria occurred at a 
similar rate in early and late intervention groups, indicating that antibiotic treatment failure was not 
responsible for different outcomes in survival. Likewise, recruitment of innate immune cells, including 
neutrophils and inflammatory monocytes remained unaffected by antibiotic therapy. Furthermore, both 
early and late antibiotic intervention dampened local levels of cytokines and chemokines in the 
alveolar spaces, e.g. IL-6, TNF-α and CXCL1. At 24 h p.i., the alveolar-capillary barrier was still intact. 
Early treatment protected from barrier breakdown and reduced levels of VEGF, a growth factor 
promoting endothelial destabilization. Contrary, at 48 h p.i., increased pulmonary leakage was 
apparent and not reversed by late antibiotic therapy. In line, levels of VEGF remained high despite 
therapy. Moreover, early but not late treatment protected mice from ensuing liver damage and a vast 
systemic inflammatory response which was manifested 48 h p.i..  
Our study suggests that an intact alveolar-capillary barrier and controlled systemic response are 
critical for the outcome of pneumonia. Future studies will analyze whether barrier-stabilizing 
substances, alone or in combination with immunomodulatory agents, can avert host-related therapy 
failure and might aid in the management of severe pneumonia.  
  
*authors contributed equally 
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Backgrounds  
  
Antibiotic resistance of bacteria is a serious emerging threat and hence the search for new antibiotics 
is of high priority. A novel class of antibacterial compounds that block infection instead of killing 
bacteria is thought to exhibit a lower potential for the development of resistance because of a reduced 
selection pressure compared to conventional antibiotics. These antiinfectives target virulence 
mechanisms of pathogenic bacteria such as adhesion determinants or toxin delivery systems.  
  
Type III secretion systems (T3SS) of Gram negative bacteria, often enteropathogens, enable the 
injection of bacterial effector proteins into eukaryotic target cells to promote infection and colonization. 
Type III secretion systems are not only excellent targets for antiinfectives because the virulence of 
many pathogens depends on these systems but also because they are highly conserved and hence a 
single drug has the potential to act against a broad spectrum of enteropathogens.  
  
Using a luciferase-based assay, we screened multiple proprietary as well as commercially available 
compound libraries for small molecule inhibitors of T3SS in our Salmonella model system. In this 
screen we could identify C26 - a novel selective inhibitor of Salmonella T3SS.  
  
Objectives  
We want to identify the molecular target of C26 and elucidate the mode of action of the compound 
against the T3SS  
  
Methods  
Luciferase-based screening of small molecule inhibitors; mRNA sequencing; cytotoxicity assay;  
  
Conclusions  
We have identified C26, a strong inhibitor of the Salmonella type III secretion system 1.  
  
The molecular target and mode of action of C26 are currently under investigation. 
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Background: Quality control of biosamples is highly mandatory for large multicenter cohort studies 
with biosample collection. The transplant (Tx) cohort within the thematical unit „Infections of the 
Immunocompromised Host“collects since start of the main phase in October 2014 biosamples like 
serum, plasma, urine, feces, RNA, PBMCs and special biosamples in case of an infectious event at 
several time-points at and after transplantation. Collection is conducted according to SOPs at four 
different partner sites and includes patients transplanted with different solid organs and stem cells. 
The usage of standardized and harmonized operation procedures helps to maintain an equal 
biosample quality at all partner sites. However, different procedures in different study centers as well 
as different technical staff and other local parameters may lead to deviations in biosample quality 
although the same standards were used as reference.  
  
Methods: To assure the best quality of the collected biosamples and to evaluate eventual differences 
between the participating partner sites, the Infrastructure Biobanking within DZIF which is responsible 
for the quality management system of the Tx cohort, conducts site-visits (internal audits) in June/July 
2017 to review conformity to or deviation from SOPs. We revise the whole process chain from 
“needle-to-freezer”, like sample retrieval (at time-points of follow-ups), sample processing, transport 
within the clinic or to the processing laboratory as well as short- and long-term storage. Additionally, 
quality control of biosamples (plasma, serum) using metabolomics techniques and miRNA 
experiments are planned.  
  
Aim: The aim of the internal audits is to find deviations from the SOPs at the four partner sites in 
biosample collection, processing, storage and documentation. We focus on harmonization between 
the partner sites and the correction of deviations to achieve high and comparable biosample quality at 
an early stage of the Tx cohort for reproducible and reliable analyses, since the future use and 
analytical techniques of the biosamples are not yet known. Thus we plan with quality control measures 
like metabolomics and miRNA detection for our approach since both are excellent techniques to 
screen the quality of biosamples [ [1] [2] [3] ].  
  
Investigating the biosample quality at an early stage of biosample collection will enable the 
improvement of procedures to prevent the occurrence of artefacts and thereby contribute to a higher 
biosample quality throughout the different partner sites of the Tx-cohort. 
 
References: 
[1] Anton, (2015), http://dx.doi.org/10.1371/journal.pone.0121495 
[2] Illig, (2010), doi: 10.1371/journal.pone.0013953 
[3] Blondal, (2013), https://doi.org/10.1016/j.ymeth.2012.09.015 
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The Culex Y virus (CYV) belongs to the genus Entomobirnavirus, is believed to be insect-specific and 
has been detected in wild-caught mosquitoes. Evidence suggests that they interact and inhibit the 
antiviral defense mechanism: RNA interference.  
Here we describe the detection of CYV in different mosquito cell lines, some originally infected with 
the virus and others later infected, possibly by cross contaminations. Successful transfer of CYV via 
infected cell supernatant to non-infected cells and the establishment of a persistent CYV infection 
could be observed. Interestingly, the magnitude of PCR-positivity (in U4.4 (naturally CYV positive) and 
CYV-infected Aag2 cells) is variable among cell passages and does not always coincide with the 
detection of viral particles via electron microscopy.  
Small RNA sequencing shows the production of CYV-specific small RNAs, mostly 21 nucleotides in 
length, in all of these cell lines (naturally and artificially infected). These 21 nucleotides siRNAs map to 
both strands and along both segments as hot and cold spots. To further investigate the ability of the 
RNAi response to inhibit and target CYV, dsRNA based knockdown experiment of key proteins of the 
different RNAi pathways were performed in Aedes aegypti-derived Aag2 cells and their effect on CYV 
infection determined.  
Gaining insights into the infection dynamics of these insect-specific viruses and interactions with the 
immune system is a crucial first step to judge potential effects on vector competence of (infected) 
mosquitoes for medically important arboviruses such as Chikungunya and Dengue virus. 
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Interaction of inhibitory receptors with their respective HLA-class-I ligands confers functional 
competence (licensing) to NK cells whereas NK cells lacking self-inhibitory receptors are rendered 
hyporesponsive. Licensed NK cells may sense HIV-1-mediated alterations of HLA-class-I expression 
through poor binding of self-inhibitory receptors, thus potentially influencing control of HIV-1 
replication. We show that HIV-1-mediated downmodulation of HLA-C was associated with reduced 
binding to its respective inhibitory receptors. Despite this, HLA-C-licensed NK cells displayed reduced 
antiviral activity compared to their unlicensed counterparts, potentially due to residual inhibitory KIR 
binding. Nevertheless, NK cells were able to sense alterations of HLA-C expression demonstrated by 
increased antiviral activity when exposed to viral strains with differential abilities to downmodulate 
HLA-C. These results suggest that the capability of HLA-C-licensed NK cells to control HIV-1 
replication is determined by the strength of KIR/HLA-C interactions and is thus dependent on both 
host genetics and the extent of virus-mediated HLA-C downregulation. 
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Understanding the interaction between arboviruses and their vectors is important to be able to provide 
possible control strategies as well as characterising the medical risk of these viruses. Zika virus (ZIKV) 
is an emerging mosquito-borne virus that can cause several medical conditions including Guillain-
Barré syndrome as well as microcephaly; however little is known about the interaction of ZIKV with the 
immune response of its vector mosquito. Mosquitoes are known to restrict arbovirus infection by 
innate immune mechanisms including RNA interference (RNAi). Especially the exogenous siRNA 
pathway and the piRNA pathway have been shown to be induced by arbovirus infection in 
mosquitoes. Small RNA sequencing of Aedes aegypti-derived Aag2 cells infected with ZIKV 
demonstrates the production of 21 nts long siRNAs that are bound by Ago2 (key protein of the 
exogenous siRNA pathway). In addition, ZIKV specific small RNAs in the size of piRNAs (25-29 nts) 
were observed; however these RNAs do not show the piRNA specific ping pong signature and are 
only bound by Ago3 and not Piwi5 and/ or Piwi6. Silencing of PIWI proteins in Aag2 cells indicated 
that knockdown of Ago3, Piwi5 or Piwi6 did not enhance ZIKV replication; in contrast to Piwi4 that 
displayed antiviral activity. Surprisingly, knockdown of the known antiviral protein, Ago2, had no effect 
on ZIKV replication; however enhanced ZIKV replication was observed in a Dcr2 knockout cell line 
suggesting that the exogenous siRNA pathway is still involved in the antiviral response.  
 Moreover, expression of ZIKV capsid protein amplified the replication of a reporter alphavirus; 
suggesting an interaction/ inhibition of ZIKV capsid protein with the mosquito immune response. Our 
findings elucidate ZIKV-mosquito RNAi interactions which may be important to understand its rapid 
spread. 
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Background: During the last decade, associations between the intestinal microbiome and various 
diseases have been studied. Stool samples are commonly employed for intestinal microbiome 
analysis in clinical studies. However, these specimens entail a major disadvantage: the timing of 
repeated acquisition cannot be predefined. Rectal swabs, on the contrary, have the potential to 
overcome this drawback, being easy and fast to acquire. In this study we investigated the practical 
feasibility and sample quality of rectal swabs for longitudinal microbiome sampling and analysis in 
hematological and oncological patients.  
Methods: Patients scheduled for intensive cytotoxic treatment for at least 3 weeks were eligible for 
inclusion in the longitudinal cohort. Deep rectal swabs (FecalSwabTM, COPAN) were obtained at 
baseline, weekly and additionally after initiation of antibiotic treatment or neutropenic diarrhea or 
constipation. After homogenization of the swab medium, 800 µl were used for cultural detection of 
multi-resistant bacteria, while the remaining 1200 µl were frozen at 80°C for subsequent microbiome 
analysis. Genomic DNA was extracted using a phenol-chloroform technique with mechanical 
disruption. 16S rRNA amplicon sequencing of the V3-V4 regions was performed with a dual-index 
strategy on the MiSeq Illumina platform.  
Results: From 07/14 to 03/15, 42 patients were included in the study. Overall, 418 rectal swabs were 
collected. There were no adverse events related to sampling despite low platelet levels and presence 
of mucositis in some patients. Only 13 samples (3.1%) were omitted from the analysis due to failed 
sequencing or insufficient number of sequences. Control samples (DNA extraction buffers, PCR 
reagents and swab-media) were also included, resulting in a maximum of 298 reads per sample. Due 
to their relatively low proportion, the identified contaminants unlikely affect the analysis of patient 
microbiome profiles.  
Alpha-diversity metrics were analyzed with average Shannon index of 2.23±1.11, inverse Simpson 
index of 7.93±8.14 and phylogenetic diversity of 11.7±6.4, respectively. Further analyses revealed a 
decrease in Shannon index and phylogenetic diversity in samples obtained during the course of 
chemotherapy as compared to baseline (p=0.01 and p<0.001, respectively). All three alpha-diversity 
metrics were decreased in samples with antibiotic exposure (=taken during or maximum 2 days after 
ongoing antibiotic treatment of at least 3 days) as compared to those witout (p<0.001 for all three).  
Conclusion: In this longitudinal cohort study deep rectal swabs were shown to be easy to implement 
and reliable to be used for microbiome sampling and analysis. The presented results confirm previous 
findings of decreased diversity scores during chemotherapy or antibiotic exposure. With a very low 
rate of omitted samples, the organizational advantages of deep rectal swabs may prompt further 
application of this sampling technique for clinical studies. 
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Tuberculosis (Tb) remains the leading cause of death from infectious disease worldwide. Pulmonary 
Tb is commonly diagnosed through analysis of sputum samples. However, sputum sampling of 
children and cachectic patients may be challenging [1] . A few studies showed that Mycobacterium 
tuberculosis (Mtb) is detectable in saliva [2] , but the development of diagnostic tests on saliva 
samples has been discouraged due to the low bacterial numbers and the poor sensitivity. This 
triggered our hypothesis that bacterial enrichment could improve the sensitivity of saliva-based tests.  
Here we present a novel approach to enrich and detect Mtb in fluids employing magnetic PEG-COOH-
beads coated with Lipobiotin (LB). LB is a synthetic triacylated lipid which has been previously shown 
to intercalate into the mycobacterial cell wall [3] . In a first series of experiments, various amounts of 
GFP-expressing Mtb bacteria were added to phosphate buffered saline and subsequently incubated 
with LB-beads for 60 min. Beads were isolated and washed using a magnet and analyzed for the 
presence of bacteria by flow cytometry. Compared to non-functionalized beads we observed an 
enhanced binding of GFP-Mtb. Heat treatment of bacteria-containing beads, followed by isolation and 
precipitation of DNA and subsequent RT-PCR with mycobacterial specific primers showed Mtb DNA in 
a concentration-dependent manner. It was also possible to enrich Mtb DNA when compared to non-
treated control samples. For 104 bacteria a 16-fold enrichment could be shown. Next, we 
demonstrated that this method can be successfully used to enrich Mtb and its DNA from 5ml spiked 
saliva samples, which were processed to reduce the viscosity. The ct-values suggested up to 147-fold 
enrichment for 105 bacteria and the detection limit leveled between 103-102 bacteria. Based on these 
findings, we validated this method in a blinded fashion evaluating 10 samples from patients with 
pulmonary Tb and 10 from healthy subjects. In 5 out of 10 patient samples, Mtb DNA could be reliably 
detected when employing the new assay, whereas 95% of the control samples were negative. We are 
currently optimizing this method by amending the binding conditions and addressing binding and 
enrichment of Mtb by independent methods. In a long-term perspective, we aim to develop a 
diagnostic tool which allows the detection of Mtb in patients’ saliva. 
 
References: 
[1] B. J. Marais, M. Pai, (2006), Specimen collection methods in the diagnosis of childhood tuberculosis, Indian Journal of 
Medical Microbiology 24, Nr. 4, 249, http://www.ijmm.org/article.asp?issn=0255-
0857;year=2006;volume=24;issue=4;spage=249;epage=251;aulast=Marais;type=0, 2017-06-06 
[2] González Mediero, (2015), Evaluation of two commercial nucleic acid amplification kits for detecting Mycobacterium 
tuberculosis in saliva samples, Oral Diseases, 21, Nr. 4, 451-455, http://doi.wiley.com/10.1111/odi.12302, 2017-06-06 
[3] Christine Steinhäuser, (2013), Lipid-Labeling Facilitates a Novel Magnetic Isolation Procedure to Characterize Pathogen-
Containing Phagosomes, Traffic, 14, Nr. 3, 321-336, http://onlinelibrary.wiley.com/doi/10.1111/tra.12031/abstract, 2017-06-06 
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Shiga toxin (Stx)-producing E. coli (STEC) cause life-threatening diseases like the hemolytic uremic 
syndrome (HUS) in humans and edema disease in pigs. The initial step in cell damage by Stxs is their 
attachment to the glycosphingolipid receptors on the cell surface where globotriaosylceramide 
(Gb3Cer) is the preferential Stx receptor for Stx1a and Stx2a subtypes. In the course of the present 
project we were able to demonstrate that liposomal pectin-derived neoglycolipids (neoGLs) as well as 
neoglycoproteins (neoGPs) obtained by coupling the Gb3 oligosaccharide to myoglobin (MYG) and 
bovine serum albumin (BSA) substantially decreased Stx-mediated cellular damage of Vero-B4 cells. 
An additional attempt for producing multivalent Stx inhibitors was made by preparing neoglycopeptides 
(neoGPeps). For a feasibility study Gb3 oligosaccharide was coupled to the amino group of lysine 
residues (K) in the tailored peptides GGKGGKGGKGGKGGKGGKGGKGGKGGKGGKGG (GGK10) 
and  
GDGKGDGKGDGKGDGKGDGKGDGKGDGKGDGKG (GDGK8), respectively. The products 
(abbreviated Gb3-GGK10 and Gb3-GDGK8) were purified by size exclusion chromatography. 
Subsequent analysis by nanoelectrospray ionization mass spectrometry (nanoESI MS) revealed that 
the main products of the Gb3-GGK10 preparation contained 10 and 11 oligosaccharide residues. This 
result indicates that each lysine and in addition the N-terminal amino group carried a glycan moiety. 
Similarly Gb3-GDGK8 was shown to bear 7 to 9 Gb3 oligosaccharides. When the neoGPeps were 
probed for Stx binding in ELISAs Gb3-GGK10 showed a concentration-dependent response while 
Gb3-GDGK8 exhibited only a weak signal. This may be due to poor adsorption of the very polar latter 
neoGPep to the routinely used microtiter plates and will be clarified by testing “high-bond” and amino 
phase-coated plates. Currently, probing of Gb3-GGK10 and Gb3-GDGK8 as Stx inhibitors in Vero-B4 
cell cultures is ongoing. Thus, the neoGPeps might increase our arsenal of potential Stx blockers. 
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Human Cytomegalovirus (CMV) infection is still a major risk factor for immunocompromised patients, 
e.g. after kidney transplantation. CMV reactivation or primary infection can lead to severe end-organ 
diseases and acute or chronic transplant rejection. Based on the CMV serostatus of donor (D) and 
recipient (R) several risk groups were defined: low risk (D-/R-), intermediate risk (D+/R+ or D-/R+), 
and high risk (D+/R-) patients. We have now found that cold ischemia time (CIT) is associated with 
primary infection in CMV-seronegative recipients of kidneys from CMV-seropositive donors enabling a 
further subdivision of the previously homogenous D+/R- high risk group.  
  

This was originally observed by analyzing 8 high risk kidney transplanted patients which were enrolled 
as part of a larger observational study (n=30) at the Technical University Munich (TUM). 4 out of 8 
patients developed relevant CMV-replication leading to CMV-associated disease in three of these 
patients. On the contrary, the remaining 4 patients stayed aviremic and showed no seroconversion in 
the median follow-up time of 861 days (165-1155 days). CIT of patients with primary CMV-infection 
(median=1020 min; 720-1080 min) and aviremic patients (median=335 min; 120-660 min) differed 
significantly (p = 0.0286).  
  

Katsirntaki K. and Falk C. from the DZIF partner site at Hannover Medical School (MHH) confirmed 
these results retrospectively in an independent observational study enrolling kidney transplant 
recipients (n=124). Here, the CMV D+/R- high risk group (n=21) was also analyzed for CMV 
infection/seroconversion and the coherence with CIT. Kidney transplantation was performed from 10 
living donors with short CIT (median=145 min; 60-185 min) and from 11 deceased donors with 
extended CIT (median=565 min; 198-1435 min). Thus, CIT differed significantly between living and 
deceased donors (p<0.0001). Importantly, by analyzing this independent patient population the 
correlation between CIT and CMV-infection was verified. Patients without CMV 
infection/seroconversion (n=15) had significantly shorter CIT (median=177 min; 60-635 min) than the 6 
patients with primary CMV infection and protracted CIT (median=755 min; 423-1435 min; p=0.001). Of 
note, all patients with living donor organs and, thus, short CIT, stayed inconspicuously. Furthermore, 
none of the 10 recipients of living donor kidneys developed CMV infection/seroconversion while 6 of 
11 recipients of deceased donor kidneys displayed CMV positivity after at least 6 months post Tx (p= 
0.001).  
  

Taken together, with an independent cohort of kidney recipients at MHH, Katsirntaki K. and Falk C. 
could confirm the finding of Schlott F. and Neuenhahn M. that protracted CIT is associated with an 
increased risk for primary CMV infection in D+/R- high risk recipients. This observation may have 
clinical relevance for the antiviral treatment of this high risk group, especially in deceased donor 
kidney transplantations with naturally prolonged CIT. 
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Enterohaemorrhagic Escherichia coli (EHEC) is the food-borne pathogen that causes acute watery 
and potentially bloody diarrhea. The infection can develop into a life-threatening disease, such as 
haemolytic-uraemic syndrome (HUS), which is characterised by acute renal failure and 
thrombocytopenia.  
  
The progression of the disease can be attributed to the production of a potent cytotoxin, the Shiga 
toxin. Although expressed at the site of infection, the toxin spreads throughout the body and has been 
shown to induce cell death of kidney cells, which express the host toxin receptor, Gb3, on their 
surface.  
  
Many mouse models have been developed in recent years in an attempt to study EHEC- and Shiga 
toxin-mediated pathogenesis in-vivo1. Most models, however, lack certain aspects that are essential 
during an infection with Shiga toxin-producing Escherichia coli (STEC). In 2012, Mallick et al2 
developed a mouse model based on the mouse-specific attaching and effacing (A/E) pathogen 
Citrobacter rodentium. C. rodentium belongs to the same family as enteropathogenic E. coli (EPEC) 
and EHEC and shares large homologies with the two human pathogens. It adheres well to the mouse 
intestinal epithelium, resulting in the formation of the characteristic A/E lesions, a feature that is 
lacking when infecting mice with EHEC. Mallick et al2 introduced the lysogenic phage encoding Shiga 
toxin 2 from EHEC into C. rodentium, resulting in a strain (C. rodentium Φstx2dact) that mimics a 
human STEC infection in mice.  
  
Here, we describe the adaptation and optimisation of the published mouse model which will allow us 
to evaluate potential anti-infective and anti-toxin therapies and the role of the microbiota in Shiga-toxin 
mediated disease. in-vivo.  
  
1 Mohawk KL and O'Brien AD (2011). Mouse models of Escherichia coli O157:H7 infection and shiga 
toxin injection. J Biomed Biotechnol. 2011.  
2 Mallick EM et al. (2012). A novel murine infection model for Shiga toxin-producing Escherichia coli. J 
Clin Invest. 2012 Nov;122(11). 
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The Gram-positive, strict anaerobic bacterium Clostridium difficile is a human pathogen which causes 
the death of several hundreds if not thousands patients per year. C. diffficile infections (CDI) come 
along with antibiotic-associated diarrhea, pseudomembranous colitis, and sepsis. In contrast to its 
clinical importance, less is known about the gene regulatory, protein and metabolic networks 
employed by the bacterium during host colonization and infection. Our work originally aimed at the 
determination of the gene regulatory networks in response to iron limitation, starvation, peroxide and 
osmotic stress. For that purpose we use a combined genetic and molecular systems biology 
approach. In order to elucidate the iron homeostasis of C. difficile the potential gene for the ferric 
uptake regulator Fur was mutated using a group II intron based technology. Subsequently, 
comparative growth experiments of the wild type and the fur mutant displayed a clear growth 
deficiency of the fur mutant. To define C. difficile Fur-dependent iron regulon, a transcriptomic, 
proteomic and metabolic approach was applied. Results displayed, that besides many other genes 
iron transporters are highly upregulated in the fur mutant strain compared to wild type. Interestingly, 
the butanoate metabolism was strictly downregulated, whereas the flagella formation was upregulated 
and therefore Fur-repressed.  
To determine the gene regulatory networks in response to peroxide stress a perR mutant was 
constructed. The peroxide repressor PerR from Bacillus subtilis is a member of the Fur family and acts 
as a transcriptional repressor that senses H2O2 by metal-catalyzed histidine oxidation [1]. In 
comparative growth experiments no growth deficiency of the perR mutant was observed. 
Subsequently, the perR mutant was tested for its response to different stresses (e.g. H2O2, heat, 
acidic stress, starvation). The mutant showed no growth phenotype in response to H2O2 stress, but 
exhibited a growth deficiency under starvation stress conditions. DNA microarray and metabolome 
analyses indicate that PerR is a starvation regulator which is responsible for the survival under nutrient 
deficient conditions in C. difficile.  
  
[1] Lee, J.-W. & Helmann, J. D. Biochemical characterization of the structural Zn2+ site in the Bacillus 
subtilis peroxide sensor PerR. J. Biol. Chem. 281, 23567–78 (2006). 
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The intracellular pathogen R. equi manages to survive the phagosome maturation by arresting 
phagosomes in a prephagolysosomal state. The rhodococcal virulence-associated protein A (VapA) is 
known to contribute to this process [1]. We propose a pore forming activity for VapA.  
  
Based on experiments with model membranes mimicking the phagosome membrane we suggest a 
five-step mode of action for VapA. Biosensor experiments indicated a pronounced binding of VapA to 
the bilayers (1) being accompanied by a modulation of the mechanical membrane properties. In 
contrast to common pore-forming molecules only a weak intercalation dependent on the lateral 
membrane pressure occured (2). AFM analysis revealed a strong aggregation of VapA on cholesterol-
poor lipid domains (3). This induced a reorganization of the domain structure of the bilayer. Defined 
and undefined lesions increasing the permeability of the reconstituted membranes (4) and finally the 
induction of membrane disintegration by VapA (5) were observed using electrophysiological 
measurements on freestanding membranes.  
  
We assume two different interaction mechanisms for VapA that can be distinguished by different 
protein conformations depending on lipid composition and pH value. This was confirmed with SR-CD 
and -OCD experiments. The potential relevance of these observations for understanding of R. equi 
virulence and the advantage of our multi-methodical approach will be discussed.  
  
References  
[1] von Bargen, C. and Haas, A., 2009, FEMS Microbiol Rev 33: 870-891. 
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Host defense peptides (HDPs) are small effector molecules of the innate immune system building up 
the first defense barrier when it comes to bacterial infections. Infectious diseases are commonly 
treated with antibiotics leading to an increase in antibiotic resistances among clinically relevant 
pathogens. Therefore, understanding the mode of action of alternative agents with antibiotic function is 
undeniable for the successful development of novel drugs extending the current treatment options. To 
understand the underlying recognition-, recruiting- and permeabilization-processes on membrane 
surfaces a set of structurally diverse peptides is investigated regarding their membrane active 
function. The focus is set on two main lipid bilayer compositions: One unitary with a neutral net surface 
charge (pure DOPC) and a second binary model membrane system with an overall negative surface 
charge (POPE/POPG).  
Membranes reconstituted from the unitary lipid system mimic uncharged membranes whereas the lipid 
bilayers of the binary system mimic the inner leaflet of the bactericidal cell envelope. Permeabilization 
events induced by the antimicrobial peptides (AMPs) LL-32, arenicin-1 and hBD-3-l as well as the 
ionophore nonactin and α-hemolysin of Staphylococcus aureus are investigated with respect to the 
aforementioned membrane systems. Parameters such as peptide concentration, buffer composition 
(high-salt vs. low-salt), membrane curvature, lipid composition, and temperature conditions tune the 
interaction between peptides and membranes. Therefore, a combination of a complex array of 
biophysical techniques is taken into account for studying permeabilization events with nearly no 
limitations – MONTAL-MUELLER-setup for planar lipid bilayers, tethered membrane technology for 
supported bilayers, liposome-based assays, thereunder calcein release, potassium iodide quenching, 
FRET-based intercalation assay and a chip-based pore spanning dye release assay. These methods 
allow to investigate the whole spectrum ranging from single pore characterization to the statistical 
analysis of either large membrane areas or a huge number of single membranes. 
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Background: Febrile illness is one of the major contributions of hospital admissions and death in Sub-
Saharan Africa. We present results from a study on febrile disease etiology, socio-economic and 
environmental covariates in a rural location in South-Western Tanzania, that is jointly conducted by 
the German Partnership Program for Excellence in Biological and Health Security, and by DZIF.  
  
Methods: Individuals with >37.5°C fever, and aged > 1 year, were enrolled into the study. All patients 
received clinical assessment, rapid HIV and Malaria testing, urinalysis, blood culture. Positive blood 
cultures were differentiated by bacterial morphology and biochemical reactions.  
  
Results: 1151 participants were enrolled in the study with a median age of 9 years. The median body 
temperature was 38.2°C with the median duration of the fever being 3 days.  
  
The main diagnoses included rapid test confirmed malaria (n=321), tonsillitis/pharyngitis (n=243), 
lower respiratory tract infection (n=211), urinary tract infection (n= 112), upper respiratory tract 
infection (n=95), diarrhea (n=68), abdominal infection (n=32), otitis media (n=18). 12.8% of all patients 
tested positive for HIV. 28% of patients tested positive for Malaria, of which 15% were P. falciparum, 
13% other malaria forms and less than 1% mixed infections according to the rapid test. Data indicates 
that malaria is more endemic in Matema with 42% of patients tested positive by rapid test and only 
3.5% in Mbeya.  
  
Participants at Matema site were additionally tested for arthropod-borne infections other than malaria. 
9 Rift Valley Fever cases were detected by IgM of which 1 case was also tested positive by RPA. For 
Chikungunya 4 cases were identified by PCR testing and 3 cases by IgM, 5 cases tested positive for 
West Nile Virus by IgM. Rift Valley Fever and West Nile Virus infections occurred during malaria 
season whereas Chikungunya cases after malaria season. Living in dense vegetation also seems to 
be associated with acquiring arbovirus infections with a risk ratio of 1.5 x 106 (p=<0.001;CI=(0.77-
3.09) x 106 ) compared to a risk ratio of 1 for participants living in areas with less dense vegetation.  
  
Preliminary identification of gram-negative bacteria suggests a high number of Salmonella typhi and 
staphylococcus aureus. The majority of detected bacteria were gram positive (82%), with members of 
Staphyloccus spp. and Bacillus spp., respectively. 0.95% of the participants showed lab confirmed 
typhoid fever with a median age of 8 years. More cases were identified in Matema with 1.5% 
compared to 0.2% in Mbeya. One risk factor seems to be drinking lake water with the risk ratio being 
8.5 (p < 0.001) compared to a risk ratio of 0.19 (p=0.009) for pipe/tap water as drinking source.  
  
Conclusion: The analyzed cohort shows a surprisingly high positivity in malaria diagnostic tests. Of 
concern are also the identified typhoid cases. More detailed investigations are ongoing. 
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Obese patients exhibit metabolic malfunction like disregulation of leptin signaling and they often suffer 
from infections indicating a clinically evident dysregulated immune response. Macrophages of the 
innate immune system are engineered to clear pathogens through phagolysosomal degradation and 
mount adequate inflammatory response. However, it is poorly understood if metabolic hormones such 
as leptin play a significant role in tuning the ability of macrophages to attenuate pathogens and to 
generate appropriate inflammatory response.  
Our investigations revealed that leptin-receptor expression is markedly enhanced in macrophages 
upon Salmonella Typhimurium (S.T.) infection. Furthermore, loss of leptin-receptor significantly 
improved the ability of macrophages to kill S. Typhimurium, which correlated with improved 
phagosome maturation. Also, inflammatory response was found to be dampened in leptin receptor-
deficient macrophages upon infection with S. Typhimurium as inferred from cytokine estimation and 
analysis of NFκB and p38 activation. Mechanistically we show that leptin-signaling regulates 
inflammatory response by co-ordinating AKT-mTORC2-FOXO1 signaling pathway.  
Taken together, we conclude that increased leptin signaling negatively regulates macrophage defense 
mechanisms against invading pathogens resulting in increased inflammation. 
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Introduction  
The performance of novel surveillance systems need to be assessed in regards to selected quality 
criteria [1]. Not all surveillance systems meet data quality (DQ) standards or are designed for user and 
stakeholder purposes in outbreak situations [2]. In the aftermath of the West African Ebola Outbreak, 
the mHealth tool SORMAS (Surveillance Outbreak Response Management System) was developed 
for the detection of early disease outbreaks in Western Africa. To test data capture, case scenarios 
were entered into data repository during piloting of SORMAS. Here we present the evaluation of data 
accuracy (DA).  
  
Methods  
We define DA as the percentage of non-missing items correctly entered in the SORMAS database 
according to the given Ebola -like illness (ELI) scenarios. DA was assessed on demographical 
information (age, gender, 6 lasts digits of the phone number) and symptoms (maculopapular rash, 
fever, muscle pain, headache, diarrhea, unexpected bleeding and vomiting). Age was retrieved 
automatically from birthday, phone number was entered as free text, gender and symptoms were 
multiple choice lists (male/female or yes/no/unknown). The demographical information was captured 
from the final database regardless of the entering user, whereas symptoms were captured from the 
information contact officers entered during contact visits among persons potentially exposed to ELI.  
  
Results  
Altogether 237 entered person records were analyzed regarding demographics compared to 40 
contact visit records. A 95% DA was exceeded in age (96.9%), sex (97.3%) and maculopapular rash 
(96.4%). Items with the lowest DA were phone number (37.2%) and diarrhea (35.7%) (Fig. 1).  
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Fig. 1. Data accuracy of analyzed items 
 
.  
  
Discussion  
DA varied largely between the analyzed items. Demographics were more often correctly entered than 
contact symptoms except for phone number which was a free-text field. For case detection, correctly 
entered symptom information is crucial. Data processes need to be driven by DQ, to identify critical 
data items as soon as possible and subsequently to plan training and educational needs of users. 
Ongoing DQ monitoring is essential to support early outbreak identification and to fulfil the user needs. 
To improve data collection and adapt SORMAS to the user needs, a new version of SORMAS was 
released in April 2017 and will go live in West Africa in 2017. This version uses smartphones and 
tablet PCs with an improved user interface and simplified electronic data processes to increase DQ.  
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Hintergrund: Angesichts der globalen Resistenzentwicklung setzt sich das Konzept von Antibiotic 
Stewardship (ABS) zunehmend durch. Mehrere Publikationen haben die Effektivität von ABS in Bezug 
auf Rückgang von Verbrauch, Kosten und Resistenzen belegt [1], [2], bisher aber v.a. an universitären 
Häusern und Häusern der Maximalversorgung. Diese Untersuchung beschreibt die Implementierung 
von ABS an einem Haus der Grund- und Regelversorgung mit ca. 400 Betten.  
Methodik: Beobachtet wurde der Zeitraum zwischen 01/2016 und 12/2016. Mit Beginn des Jahres 
wurde ein ABS-Team gegründet und ein Maßnahmenbündel begonnen, angelehnt an die S3-Leitlinie 
„Strategien zur Sicherung rationaler Antibiotika-Anwendung im Krankenhaus“ [3] . Als Indikatoren für 
den Erfolg des Programmes wurde der Verbrauch von Antibiotika und Blutkultursets, sowie die 
Entwicklung von Resistenzen, Infektionen mit Clostridium difficile (CDI), Kosten, Mortalität und 
Verweildauer bestimmt.  
Ergebnisse: Die eingeführten Maßnahmen führten zu einem signifikanten, kontinuierlichen Rückgang 
des Gesamtverbrauchs im Beobachtungszeitraum: von initial 43 RDD/100 Patiententage (PTT) im 
3./4. Quartal 2015 auf 31 RDD/100 PTT im 4. Quartal 2016 (p < 0,05). Der größte Rückgang war bei 
2-G-Cephalosporinen (-67,5%) zu verzeichnen, gefolgt von 3-G-Cephalosporinen (-52,7%), 
Carbapenemen (-42,0%) und Fluorchinolonen (-38,5%). Gleichzeitig kam es zu einem Anstieg des 
Verbrauchs von Schmalspektrumpenicillinen (+71,4%) und Aminopenicillin/BLI-Kombinationen 
(+34,1%).  
 

 
Antibiotikaverbrauch 3./4. Quartal 2015 - 4. Quartal 2016 
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Die Kosten für Antibiotika reduzierten sich von 104€/100 PTT auf 77€/ 100 PTT (-26%). Die 
Abnahmedichte von Blutkulturen erhöhte sich von 1,8 Sets/100 PTT in 2015 auf 3,2 Sets/100 PTT im 
4. Quartal 2016 (+77%, p= 0,03) mit einem proportionalen Antieg der Erregernachweise. Die 3G-
Cephalosporinresistenz von E.coli in Blutkulturen war rückläufig (p < 0,05).  
 

 
Ceftriaxonresistenz von E.coli in Blutkulturen 2008 - 2016 im Vergleich zu Daten zu Häusern der Grund- und Regelversorgung 
vom Robert-Koch-Institut: ARS, https://ars.rki.de, Datenstand 05/2017 
 
Die präinterventionell niedrige CDI-Inzidenz nahm nicht signifikant ab. ABS hatte keinen Einfluss auf 
die Gesamtmortalität und der mittleren Verweildauer.  
Schlussfolgerung: Durch Implementierung des ABS-Programms gelang es nicht nur, Verbrauch und 
Kosten von Antibiotika deutlich zu reduzieren, sondern auch eine Umverteilung zu bewirken 
zugunsten von Antibiotika, die mit einer geringeren Resistenzselektion einhergehen. Dies spiegelte 
sich in einem Rückgang der 3G-Cephalosporinresistenz wieder. Die Optimierung der Präanalytik 
führte zu einer Zunahme von Blutkulturabnahmen. Das Programm war erfolgreich trotz 
eingeschränkter technischer und personeller Ressourcen (keine Klinik für Infektiologie, Labor und 
Apotheke als externe Dienstleister). Die überschaubare Größe des Hauses ermöglichte einen engen, 
persönliche Kontakt und eine kontinuierliche Präsenz, mit denen sich Vorbehalte gegen die 
fachfremde Einmischung in die Therapie abbauen ließen. Häuser der Grund- und Regelversorgung 
sind vermutlich durch ihre Struktur besonders geeignet für klinikübergreifende Gesamtkonzepte. 
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Einleitung  
Auf Initiative der Apotheke des Klinikums und des Institutes für Medizinische Mikrobiologie wurde 
2010 begonnen, Antibiotic Stewardship (ABS) an der Universitätsmedizin in Göttingen aufzubauen. 
Von 2013 bis 2015 wurde die Umsetzung verschiedener ABS-Strategien als Projekt zusätzlich durch 
den Vorstand unterstützt. Mittlerweile besteht das interdisziplinäre ABS-Team aus Vertretern der 
Apotheke des Klinikums, des Institutes für Medizinische Mikrobiologie und der Zentralabteilung 
Krankenhaushygiene und Infektiologie. Wöchentliche Antiinfektiva-Visiten werden auf allen 
Intensivstationen durchgeführt. Die neurologische Intensivstation wird seit 2014 von einer Apothekerin 
und einem klinischen Infektiologen/Mikrobiologen des ABS-Teams betreut.  
  
Material und Methoden  
Die Diskussion der Patienten findet vor Ort auf der Station mit den diensthabenden Ärzten und dem 
zuständigen Oberarzt statt. Das Spektrum der infektiologischen Probleme umfasst Infektionen der 
Atemwege und des Zentralnervensystems, Harnwegsinfektionen, Bakteriämien, Fungämien und 
Endokarditis.  
  
Ergebnisse  
Im Zeitraum von 2010 bis 2013 wurde der Gesamtantibiotikaverbrauch, gemessen in RDD/100 
Patiententage, um mehr als ein Viertel gesenkt. Die Antiinfektiva-Visiten auf Station ab 2014 führten 
zur abnehmenden Anwendung von Breitspektrum-Antiinfektiva und einem vermehrten Einsatz von 
Schmalspektrum-Antiinfektiva. Insbesondere der Verbrauch von Cephalosporinen der 3. Generation, 
Fluorchinolonen und Makroliden konnte gesenkt werden. Die Verfügbarkeit des therapeutischen 
Drugmonitorings (TDM) hat zur zunehmenden Verabreichung der ß-Laktamantibiotika (Meropenem, 
Cefotaxim, Piperacillin/Tazobactam, Flucloxacillin) als kontinuierliche Infusion über 24 Stunden 
geführt. Dadurch ist der Gesamtantibiotikaverbrauch seit 2015 um knapp ein Fünftel angestiegen. 
Dieser Anstieg ist durch die höhere individuelle Tagesdosis der genannten ß-Laktame bedingt.  
  
Schlussfolgerung  
Die schrittweise Umsetzung von ABS-Maßnahmen auf der neurologischen Intensivstation hat über 
einen Zeitraum von 6 Jahren zu einer verbesserten Antibiotikaanwendung geführt. Der häufige 
Wechsel im ärztlichen Personal sowie der Berufsstart von jungen ärztlichen Kollegen erfordert die 
kontinuierliche Betreuung durch Vertreter des ABS-Teams, um erzielte Erfolge in der 
Antibiotikaanwendung nachhaltig zu sichern. 
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Cystobactamids are a novel compound class isolated from Cystobacter spp. that display very 
pronounced activity on Gram-positive and Gram-negative bacteria, including enterobacteriaceae, non-
fermenters, and multidrug resistant isolates that are the causative agents of some hard-to-treat 
nosocomial infections. Recent structure-activity relationship (SAR) studies showed that full spectrum 
coverage in terms of antimicrobial activity (e.g. cUTI, cIAI and HAP/VAP pathogens) can be achieved 
by derivatization of the scaffold. Analysis of the biosynthetic gene cluster in Cystobacter sp. revealed a 
resistance gene that encodes a pentapeptide repeat protein – a known resistance factor against 
topoisomerase poisons. The bacterial gyrase and topoisomerase IV were confirmed as molecular 
targets of the cystobactamids (IC50 in sub-µM range) and the compounds stabilize the topo II 
cleavage complex which results in DNA double strand breaks. Although the mode of action (MoA) of 
cystobactamids is similar to that of fluoroquinolones we only observed minor cross-resistance and 
further structural studies with gyrase are currently pursued [1][1] . Based on the MoA of 
cystobactamids a very low frequency of resistance (FoR) for the target pathogens (10-10 to 10-11) 
was expected. Surprisingly, FoR values are in the range of 10-8 for both, Escherichia coli and 
Pseudomonas aeruginosa. Intriguingly, resistance mutations rarely occurred in gyrA or parC genes 
(target mutations) and instead, all mutants bear disruption mutations in a largely uncharacterized two-
component regulatory system (TCS). The mode of resistance (MoR) and the role of the TCS is 
currently under investigation. As its disruption is described to attenuate virulence mainly due to motility 
reduction the relatively high FoR might be less important with respect to potential application as 
antibiotic.  

 
Chemical structure of cystobactamid 919-2 
 
 
References: 
[1] S. Baumann et al., (2014), Cystobactamids: Myxobacterial Topoisomerase Inhibitors Exhibiting Potent Antibacterial Activity, 
Angewandte Chemie International Edition, 14605 –14609 



Symposium V: Resistance in Nosocomial Infections 
 

 174 

 

P 110 
 
Mechanism-of-Action of the Cyclic Depsipeptide Antibiotic Telomycin 
 
F. Hennessen1, 2, J. Herrmann1, 2, A. Abou Fayad1, 2, K. Cirnski1, 2, H.-P. Prochnow2, 3, A. Bauer4, J. 
Pippel2, 3, W. Blankenfeldt2, 3, M. Brönstrup2, 3, R. Müller2, 3 

1Helmholtz Institute for Pharmaceutical Research Saarland, Saarbrücken, Germany, 2German Centre 
for Infection Research (DZIF), Hannover-Braunschweig, Germany, 3Helmholtz Center for Infection 
Research, Braunschweig, Germany, 4R&D LGCR, Sanofi-Aventis Deutschland GmbH, Frankfurt am 
Main, Germany 
 
The persistent increase of multidrug resistant (MDR) bacteria and the concurrent decrease in effective 
drugs demonstrates the urgent need of new antibiotics with novel modes-of-action and even new 
targets [1]. Natural products depict a major source within the discovery and development of new 
antibacterial drugs [2]. These include the cyclic depsipeptide telomycin (TM) which has been first 
described by Bristol-Myers company in the 1950s [3]. TM is produced by Streptomyces canus and 
acts bactericidal on a broad range of Gram-positive pathogens including MDR strains [4]. The target 
molecule itself has not been identified but our studies point towards a novel mechanism-of-action 
through interaction with membrane structures. Genome analysis of TM-resistant S. aureus revealed 
inactivating mutations in cardiolipin synthase (Cls2), which has also been described by Margavey and 
co-workers [5]. TM binds to cardiolipin (CL) and induces downstream effects that lead to bacterial 
killing. However, studies with semisynthetic derivatives reveal that there might be other direct cellular 
targets addressed by the TM family of compounds. Some direct binding partners were identified by 
pull-down experiments and these putative protein targets are currently investigated by means of 
biophysical interaction studies (SPR) and co-crystallization with the inhibitor.  

 
Telomycin accumulates in CL-rich regions of Gram-positive bacteria. 
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Aims:  
We study the spread of nosocomial infections through computer simulations on two layers of contact 
networks: organizational and empirical. The aim is to integrate a wide range of networks in which 
physical contact is a crucial factor. We currently collect time-varying structure of contacts 
reconstructed from Polish hospitals. Contact networks in hospitals can be obtained with many 
methods and most of them can be classified into hierarchical organization studies or 
cohabiting/empirical (sensor) studies. Both organizational and empirical interactions were successfully 
modelled, however, an integrative framework combining these approaches in order to study the spatial 
and temporal dynamics of disease spread is missing.  
Methods:  
We propose Multilevel Approach to heuristic analysis of many layers of hospital by agent-based 
modeling. The organizational structure is mapped by set of questioners, CAD maps integration, 
functional paths annotation and local vison. It is done mostly by surveys within medical staff through 
an interactive web application. The empirical layer processes data from the register of patient 
admissions and discharges from each hospital unit (wards, clinics, etc.), microbiological laboratory test 
results and medical staff register. The patients’ and staff’ structure of contacts are reconstructed 
(persons who had visited the same care facility, the same time). Epidemiological models are 
implemented on a temporary network of contacts (where each link can provide a path for the pathogen 
transmission). We apply theory of spatial-temporal networks to improve computer-assisted hospital 
infection analyses. With simulated infection paths, we were able to compute system resilience for an 
outbreak.  
Effects of simulations:  
Within proposed framework, we study possible scenarios of organizational change as dedicating staff 
to patients, transport paths rerouting, shift distributions, geo-localizing isolated/cohorted patients, etc. 
Built model will describe the possible spread of pathogens and could indicate an effective strategy in 
the fight against infectious diseases. That would help in effective decision making by epidemiological 
surveillance.  
Preliminary conclusions:  
We are currently monitoring few alarm pathogens characteristic in Polish hospitals participating in our 
study as: Klebsiella Pneumoniae – NDM, MRSA and Clostridium difficile. By interviewing staff to 
obtain organizational habits, technical knowledge of infection control team have increased. Some 
possible intervention, which can decrease systematic susceptibility of outbreaks in hospital 
environment, must be further investigated from cost-effectiveness perspective.  
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Objectives  
Fluoroquinolone resistance (FQR) in 3rd generation cephalosporin-resistant Enterobacteriaceae 
(3GCREB) pose a serious limitation for antibiotic therapy. Already fluoroquinolone non-susceptibility 
oftentimes prompt clinicians to prefer alternative antibiotics classes such as carbapenems for 
treatment. The aim of this secondary analysis is to generate data on FQR in 3GCREB and suggest 
options for action to contain the development of multi-drug resistant bacteria.  
Methods  
From January 2014 to December 2015 the longitudinal observational study ATHOS (Antibiotic 
Therapy Optimization Study) monitored the first occurrence of 3GCREB in hospitalized patients in six 
German university hospitals. 3GCREB diagnosed during the first three days of hospitalization were 
regarded as community-acquired (CA), later as hospital-acquired (HA). Due to the therapeutic 
implications mentioned above, all fluoroquinolone non-susceptible isolates counted as FQR in this 
analysis. Differences in FQR distribution were tested with χ2-test or Fishers exact test when 
applicable. Uni- and multivariable analyses were performed.  
Results  
The dataset contains 5721 3GCREB observations, 45.0% of those were observed in women, 52.9% 
were acquired in hospital and the total FQR rate was 52.7%. The most important result of this study is 
the enhanced FQR rate in CA-3GCREB (60.1% vs. 46.2% in HA-3GCREB). Multivariable analysis 
showed a lower risk for FQR in HA-3GCREB (aRR 0.75, 95% CI 0.66 0.86). The Enterobacteriaceae 
species showed the strongest effect on FQR: detection of E. coli and Klebsiella spp. were independent 
risk factors (aRR 8.14, 95% CI 6.86-9.65 and aRR 7.62 with 95% CI 6.74-8.61).  
Conclusion  
FQR selection in the community seems to be highly relevant for its detection in hospitals. The 
enhanced antibiotic consumption in ambulatory care suggests that antibiotic prescription and 
resistance surveillance as well as antibiotic stewardship programmes in ambulatory care may have a 
beneficial effect on the containment of multi-drug resistant bacteria. 
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For a long time the placenta was thought to be a sterile environment and that the first microbial 
colonization of the newborn occurred at birth. Recent studies have shown that the placenta harbors its 
own microbiome (Aagaard et al. 2014) and that the infant is already colonized with bacteria when it is 
born (Lal et al. 2016, Koleva et al. 2015). In a pilot study, we investigated the acquisition of the 
microbiome as well as its antibiotic resistance genes (ARGs) by newborns. Moreover, we pursued the 
development of these two aspects after three days of life.  
  
Methods: Swab samples of twelve mother-child pairs were taken from three different body sites 
(Mother: vagina, pharynx, anal; Child: axilla, pharynx, anal) at 3 different time points (Mother: before 
birth; Child: 5 min and 72 h after birth). The mother-child pairs were compared regarding birth mode 
(via naturalis versus caesarean birth) and ancestry of the mother (German versus immigration to 
Germany). After DNA extraction, the V4 region of the bacterial 16S rDNA was sequenced with the Ion 
Torrent PGM (Thermo-Fisher Scientific) and ARGs were detected via qPCR (Qiagen).  
  
Results: The microbiome analysis showed no differences between mother-child pairs of different 
ancestry. However, differences between birth modes were observed. The children born via caesarean 
section had a significantly lower colonization with the phylum Bacteroidetes, but more Firmicutes. 
Moreover, the bacterial alpha diversity within all three sample sites decreased significantly from birth 
to 72 h of life with no differences between the birth modes.  
Furthermore, the mother-child pair samples were screened for ARGs conveying resistance to 
antibiotics of different classes via various mechanisms. Ten of these genes were detected in at least 
one sample. In general, we could observe an intrinsic and specific likelihood of transmission of each 
ARG via the microbiome from the mother. Most frequently detected were ARGs conferring resistance 
to macrolides: mefA, ermB, and ermC were present in most samples, suggesting a transmission of 
bacteria with these ARGs at birth. Importantly, mecA, the ARG conferring beta-lactam resistance to 
MRSA, was found in 75 % of the children at 72 h, regardless of birth mode and if the gene was 
detected in a sample of their mother. 
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Introduction: Carbapenem resistance in Klebsiella pneumoniae is of significant public health concern 
and recently increased in several European countries. We investigated the extent of Carbapenem 
non-susceptibility in K. pneumoniae isolates in Germany.  
  
Methods: We analysed data from the German Antimicrobial Resistance Surveillance (ARS) System, 
which contains routine data of antimicrobial susceptibility testing from voluntarily participating German 
laboratories. The first clinical K. pneumoniae isolate per quarter per hospital patient from 2009 to 2016 
was included. Data from 2016 are preliminary. Isolates tested resistant or intermediate were classified 
as non-susceptible.  
  
Results: 174,253 isolates from 619 hospitals were included. The median age of the patients was 74 
years (IQR: 61-82). 44.0% of the isolates were from women, 35.7% from men, and for 20.4% the sex 
was not specified. Most isolates were from patients in internal medicine wards (52.0%) and 16.4% 
from surgical wards. 12.9% of the isolates were from patients in intensive care. Most isolates were 
from urine (57.3%), swabs (14.9%), respiratory tract (11.1%), wounds (8.9%), or blood cultures 
(4.5%).  
99.9% of the isolates were tested against ≥1 carbapenem and predominantly evaluated according to 
EUCAST guidelines (68.2%). Susceptibility testing against meropenem, imipenem, and ertapenem 
was performed in 95.6%, 97.7%, and 35.6% of the isolates, respectively.  
Overall, 963 of 174,094 isolates (0.55%) were tested non-susceptible to ≥1 carbapenem. Non-
susceptibility increased over time from 0.19% in 2009 to 0.74% in 2016. An analysis in hospitals 
continuously participating over the whole time period indicated an increasing linear trend (p<0.001). 
Non-susceptibility was highest in men aged 20-39 years and men were affected more than women 
across most age groups (Table 1).  
  
Conclusion: Non-susceptibility of K. pneumoniae isolates against carbapenems in Germany is still 
uncommon but appears to be increasing. These results emphasize the need for public health 
measures to control further spread of carbapenem-resistance and preserve treatment options for 
patients.  
  
  

Age Overall Male Female 
<1 0.23% (0.12; 0.46) 0.20% (0.06; 0.61) 0.32% (0.12; 0.85) 

1-19 1.01% (0.72; 1.41) 1.69% (1.10; 2.61) 0.55% (0.29; 1.05) 
20-39 0.97% (0.80; 1.19) 2.85% (2.26; 3.59) 0.30% (0.18; 0.48) 
40-49 0.75% (0.58; 0.98) 1.22% (0.88; 1.69) 0.35% (0.20; 0.64) 
50-59 0.81% (0.68; 0.96) 0.99% (0.79; 1.25) 0.69% (0.51; 0.94) 
60-69 0.69% (0.60; 0.80) 0.79% (0.65; 0.97) 0.64% (0.50; 0.82) 
70-79 0.55% (0.49; 0.62) 0.76% (0.65; 0.89) 0.41% (0.33; 0.50) 
80+ 0.30% (0.26; 0.35) 0.44% (0.35; 0.56) 0.28% (0.22; 0.35) 

Non-susceptibility of K. pneumoniae isolates against ≥1 carbapenem % (95%CI) by age and sex 
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Resistance Surveillance (ARS) 
 
U. Koppe, A. von Laer, I. Noll, M. Feig, M. Abu Sin, T. Eckmanns 
Robert Koch Institut, Berlin, Germany 
 
Introduction: Carbapenem resistance in Klebsiella pneumoniae is of significant public health concern 
and treatment is challenging as only few treatment options remain. Combination therapies are 
commonly used to treat these difficult-to-treat infections. We investigated antibiotic resistance patterns 
of carbapenem non-susceptible K. pneumoniae isolates to determine remaining treatment options.  
  
Methods: We analysed data from the German Antimicrobial Resistance Surveillance (ARS) System, 
which contains routine data of antimicrobial susceptibility testing from voluntarily participating German 
laboratories. The first clinical K. pneumoniae isolate per quarter per hospital patient from 2009 to 2016 
was included. Data from 2016 are preliminary. Isolates tested resistant or intermediate were classified 
as non-susceptible. To investigate selective testing, an additional analysis was conducted for those 
antibiotics against which fewer than 90% of the carbapenem non-susceptible isolates were tested.  
  
Results: 963 of 174,253 isolates were tested non-susceptible to at least one carbapenem (0.55%, 
95% CI 0.52; 0.59). Of the 499 isolates non-susceptible against both imipenem and meropenem, 132 
(26.5%) were tested as “intermediate” against one or both drugs, which would make these 
components eligible to be used in combination therapy. Carbapenem non-susceptible isolates were 
also found to be non-susceptible to ceftazidime (833/946, 88.1%), polymyxins(colistin) (62/439, 
14.1%), tigecycline (471/859, 54.8%), fosfomycin (280/621, 45.1%), gentamicin (533/957, 55.7%), co-
trimoxazole (609/957, 63.6%), and ciprofloxacin (776/955, 81.2%). Of the 354 isolates tested against 
all the antibiotics mentioned above, 7 isolates (2.0%) were tested non-susceptible to all of them.  
The frequency of testing varied: while testing against ceftazidime, gentamicin, co-trimoxazole, and 
ciprofloxacin occurred in >90% of the isolates, susceptibility against polymyxins(colistin), tigecycline, 
and fosfomycin was tested less frequently. In a subanalysis with laboratories that test >90% of all 
isolates against these three antibiotics, the frequency of non-susceptibility was comparable to the 
results above: polymyxins(colistin) (34/190, 17.9%), tigecycline (379/712, 53.2%), fosfomycin 
(145/317, 45.7%).  
  
Conclusion: Non-susceptibility of K. pneumoniae against carbapenems in Germany is rare, but 
frequently associated with non-susceptibility to other classes of antibiotics making treatment 
challenging. Frequency of susceptibility testing did not appear to affect our results – no sign of 
selective testing. These results emphasize the need for public health measures to control further 
spread of carbapenem resistance and preserve treatment options for multidrug-resistant infections. 
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Inzidenz and Risikofaktoren für Blutstrominfektionen bei Intensivpatienten mit 
großflächigen Verbrennungen: eine monozentrische retrospektive Kohortenstudie 
 
A. Fochtmann-Frana1, C. Freystätter1, V. Vorstandlechner1, A. Barth1, M. Bolliger1, E. Presterl2, G. 
Ihra3, G. Muschitz1, M. Mittlböck4, A. Makristathis5, T. Rath1, C. Radtke1, C. Forstner6, 7 

1Universitätsklinik für Chirurgie, Medizinische Universität Wien, Wien, Austria, 2Universitätsklinik für 
Krankenhaushygiene und Infektionskontrolle, Medizinische Universität Wien, Wien, Austria, 
3Universitätsklinik für Anästhesie, Allgemeine Intensivtherapie und Schmerztherapie, Medizinische 
Universität Wien, Wien, Austria, 4Institut für Klinische Biometrie, Medizinische Universität Wien, Wien, 
Austria, 5Klinische Abteilung für Klinische Mikrobiologie, Medizinische Universität Wien, Wien, Austria, 
6Zentrum für Infektionsmedizin und Krankenhaushygiene, Universitätsklinikum Jena, Jena, Germany, 
7Universitätsklinik für Innere Medizin I, Klinische Abteilung für Infektionen, Medizinische Universität 
Wien, Wien, Austria 
 
Hintergrund: Verbessertes Überleben nach Brandverletzungen führt zu verlängerten 
Intensivaufenthalten und als weitere Konsequenz zu einem erhöhtem Risiko für schwere Infektionen.  
Methoden: Eine retrospektiven monozentrischen Kohortenstudie wurde bei 472 
Verbrennungspatienten mit einem Abbreviated Burn Severity Index (ABSI) >=3, einer betroffenen 
Gesamtkörperoberfläche (TBSA) >=10% und einem Intensivaufenthalt von mindestens 24 Stunden 
durchgeführt.  
Inzidenz, Zeitpunkt und Outcome von Blutstrominfektionen (BSI) wurden untersucht. Risikofaktoren für 
unterschiedliche BSI-Erreger wurden mittels des Regressionsmodell für konkurrierende Ereignisse 
nach Fine und Gray analysiert.  
Ergebnisse: 114 Patienten entwickelten 171 Episoden von Blutstrominfektionen durch gram-negative 
Bakterien (n=78; 46%), gram-positive Bakterien (n=69; 40%) und Pilze (n=24; 14%) nach median 14 
Tagen (Bereich, 1-164 Tage), median 16 Tagen (Bereich, 1-170 Tage) und median 16 Tagen (Bereich 
0-89 Tage). Insgesamt verstarben 24 von 114 Patienten (21%). Die Isolierung der häufigsten BSI-
Erreger Enterococcus sp. (n=26), gefolgt von Candida sp. und Pseudomonas sp. (n=22 für beide) war 
signifikant mit einem erhöhten TBSA (p<=0,006) und ABSI (p<0,0001) und der Notwendigkeit einer 
Fasziotomie (p<0,01) assoziiert. Trotz einer niedrigen Inzidienz von multiresistenten BSI-Erregern 
(n=12), war das Mortalitätsrisiko von Patienten mit multiresistenter gram-negativer Bakteriämie 
signifikant mit einer Hazard Ratio von 12,6 (95% Konfidenzintervall 4,8-32,8; p<0,0001) erhöht.  
Schlußfolgerung: Ein höherer TBSA und ABSI waren mit einer signifikant höheren Inzidenz von 
Blutstrominfektionen durch Enterococcus sp., Pseudomonas sp. und Candida sp. assoziiert. Trotz 
einer hohen Überlebensrate von Verbrennungspatienten mit Blutstrominfektionen auf der 
Intensivstation, stellt eine Bakteriämie durch multiresistente gram-negative Erreger eine wachsende 
Bedrohung dar. 
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Nitroxoline in geriatric patients with lower urinary tract infection fails to achieve 
microbiological eradication despite clinical improvement: a non-comparative, 
prospective observational study 
 
C. Forstner1, 2, A. Kwetkat3, O. Makarewicz1, A. Hartung1, W. Pfister4, H. Stefan1, N. Harrison2, U. 
Schumacher5, M. Pletz1 
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Clinical Studies, Jena University Hospital, Jena, Germany 
 
Objective: The aim of the present study was to evaluate the microbiological success of oral nitroxoline 
in geriatric patients with lower urinary tract infection (UTI).  
Methods: In a prospective single-centre study, 30 hospitalized geriatric patients with lower UTI were 
recruited to receive nitroxoline 250 mg three times daily for seven days. The primary outcome was the 
proportion of patients with microbiological success on day 12. Secondary outcomes were safety, 
clinical success and microbiological success at other than test of cure visit.  
Results: Twenty-nine of the 30 patients had a microbiologically confirmed UTI. On day 12, 20 (66.7%) 
patients of the intention-to-treat population and 12 (85.7%) patients of the per-protocol population 
were free of all clinical symptoms of UTI, but microbiological success on day 12 with a reduction of 
bacterial count to < 10000 cfu/mL was only detected in a single patient (3.3% of the intention-to-treat 
and 7.1% of the per-protocol population). In 4 patients, an at least four-fold increase in the minimum 
inhibitory concentration to nitroxoline in Enterobacteriaceae was observed under treatment. The 
random amplification of polymorphic DNA analysis revealed that those isolates were clonal within 
each patient, but differed between patients. Nitroxoline was discontinued prematurely in 2 patients 
because of nausea. Urinary concentrations of nitroxoline and a nitroxoline-metabolite (sulphate) were 
0.1-9.2 mg/L (mean 1.8 mg/L) and 0.7-284.8 mg/L (mean 56.4 mg/L) on day 3.  
Conclusion: Nitroxoline treatment was associated with clinical success but failed to achieve 
microbiological efficacy in >90% of hospitalized geriatric patients with lower UTI. 
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Stellen die zunehmenden Nachweise von MRSA CC398 als Hospitalkeim bei Pferden 
ein Risiko für deren Kontaktpersonen dar? 
 
C. Cuny1, W. Witte2, M. Abdelbary3, F. Layer2, G. Werner2 
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Mittlerweile sind LA-MRSA CC398 in der konventionellen Nutztierhaltung und bei beruflich 
exponierten Menschen weltweit verbreitet. Sie treten im zunehmenden Maße als Infektionserreger bei 
Menschen mit und ohne Exposition zum Nutztiersektor auf. Evolutionär betrachtet gehen sie auf bei 
Menschen vorkommende Methicillin-sensible S. aureus des gleichen klonalen Komplexes (MSSA 
CC398) zurück, zeigen eine erweiterte Wirtsadaptation und sind darüber hinaus in der Lage, ihr 
Repertoire an Resistenz-und Virulenzgenen situationsabhängig anzupassen. Weiterhin werden LA-
MRSA CC398 als Erreger von Haut-Weichgewebeinfektionen bei Pferden zunehmend beobachtet. 
Zur möglichen Bedeutung der in Pferdekliniken verbreiten MRSA als „Hospitalkeime“ und dem damit 
verbundenen Risiko für die Kontaktpersonen gibt es bisher kaum Daten für Deutschland. Der 
Nachweis von S.aureus/MRSA erfolgte durch Abstriche aus dem Vestibulum nasi und 
Wundabstrichen bei Pferden sowie deren Kontaktpersonen. Die Proben wurden parallel auf 
Schafblutagar und ein für MRSA spezifisches Selektionsmedium angelegt. Die Typisierung erfolgt 
durch spa-Gen-Sequenzierung, MLST sowie SCCmec-Gruppierung. Der Nachweis bestimmter 
Virulenzgene, des Immunevasions-Genclusters (IEC) und die Abgrenzung zu der in Pferdekliniken 
verbreiteten Subpopulation erfolgten PCR basiert. Von 2011-2015 wurden 206 MRSA-Isolate von 
Pferden untersucht. Mit 84,5% ist LA-MRSA CC398 prädominant, 12.4% der Isolate wurden ST254 
(früher häufig in Pferdekliniken) zugeordnet, andere klonale Komplexe sind bisher selten. Der in 
Pferdekliniken weit verbreitete MRSA ST398, spa-Typ t011, SCCmecVIa kann von LA-MRSA CC398 
durch Einzelnukleotid-Polymorphismen in zwei Genen des core-Genoms unterschieden werden und 
stellt innerhalb dieses klonalen Komplexes eine eigene Subpopulation dar (Clade C), welche offenbar 
als „Hospitalstamm“ vergleichbar mit den HA-MRSA -Epidemiestämmen der Krankenhäuser innerhalb 
und zwischen Pferdekliniken verbreitet wird. Mit diesen Charakteristika wurde er zeitgleich bei 8 von 
252 (3,2%) exponierten Personen detektiert. Die offenbar geringe Ausbreitung bei Menschen wird 
insbesondere deutlich aus der niedrigen Prävalenz unter eingesandten MRSA aus dem Krankenhaus-
Aufnahmescreening mit einem Nachweis von 0,19% unter allen Einsendungen an das NRZ für 
Staphylokokken und Enterokokken in Wernigerode. Als Infektionserreger beim Menschen ist dieser 
Stamm bisher sehr selten aufgetreten: insgesamt unter 11370 MRSA-Isolaten aus Haut-und 
Weichgewebeinfektionen lediglich zweimal (0.0176%). Dass eine „Rückübertragung“ vom Menschen 
auf Pferde erfolgt, wird durch den Nachweis des Immunevasions-Genclusters (IEC) bei mehreren 
Isolaten aus Infektionen bei Pferden deutlich. Ursprünglich ist IEC nicht bei MRSA-Klonen vorhanden, 
die ihr Reservoir beim Tier haben. Dies weist darauf hin, dass eine Readaptation an den Menschen 
und der Wiedererwerb von Mechanismen der Immunevasion erfolgen kann. 
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Two-tier approach combining molecular and culture-based techniques for optimized 
detection of vancomycin-resistant enterococci 
 
A. Both, G. Franke, N. Miwald, M. Christner, M. Lütgehetmann, E.-M. Klupp, C. Belmar Campos, H. 
Büttner, M. Aepfelbacher, H. Rohde 
Institut für Med. Mikrobiologie, Virologie und Hygiene, Universitätsklinikum Hamburg-Eppendorf, 
Hamburg, Germany 
 
Vancomycin resistant enterococci (VRE) are of growing world-wide importance. Timely detection of 
VRE from rectal screening specimens obtained from high-risk patient populations is of evident clinical 
importance. In this study, a two-tier approach of molecular detection of the vanA/vanB-determinant 
and cultural confirmation is compared to the conventional culture-based approach. The two-tier 
strategy was highly consistent with the conventional approach, and was found to possess high 
sensitivity and specificity (93.1 % and 100 %, respectively). The introduction two-tier VRE screening 
approach significantly reduced median overall time to result by 44.3 hours. The introduction of the two-
tier approach, combining the speediness of PCR with the accuracy of phenotypic testing, proofed to 
be reliable and time saving, especially in a setting of low VRE prevalence and predominance of the 
vanA-determinant in positive strains. 
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Limiting spread of vancomycin-resistant enterococci (VRE) by applying probiotics to 
patients receiving antibiotics 
 
S. Borgmann1, B. Rieß1, B. Jürgens2, R. Siegmund1, G. Werner3, I. Klare3 
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Koch-Institute, Wernigerode, Germany 
 
Increasing numbers of VRE colonized patients were observed in various German hospitals within the 
past years. Here we report the epidemiology of VRE in a tertiary care hospital in the center of Bavaria 
comprising 1,200 beds. For this, documents of each VRE colonized patient were studied in detail. 
Starting in May 2014 VRE isolated at that hospital underwent molecular analyses, e.g. determining the 
mechanism of glycopeptide resistance, at the German Reference Centre for Staphylococci and 
Enterococci. In the hospital no general screening for VRE had been implied. By contrast, at the early 
rehabilitation ward (ERW) between May 2014 and December 2016 each patient was examined for 
VRE carriage at admission and also once per week since ERW exhibited an over-proportional burden 
of VRE. VRE colonized patients underwent isolation in a single room.  
Number of VRE colonized patients increased from 2010 to 2015 within the hospital and also at the 
ERW. In 2015 77.4% of all VRE colonized patients had been treated at the ERW (Tab. 1/Figure).  
  
  

 
vanA and vanB Enterococcus faecium VRE in Ingolstadt 
 
This high proportion resulted from nosocomial spread of vanB VRE. Starting in September 2015 each 
patient at the ERW received two probiotics (Saccharomyces cervisiae, E. coli Nissle) when treated 
with antibiotics for the duration of that treatment plus two days. This measure not only limited spread 
of vanB VRE at the ERW but also let to a marked decrease of vanB VRE at the other wards of the 
hospital.  
In contrast to isolation of VRE colonized patients, application of probiotics in antibiotic treated patients 
prevented of vanB VRE at an ERW. 
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Electronic medication systems simplify antimicrobial prescription review by clinical 
pharmacists and facilitate complex antimicrobial stewardship interventions 
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Introduction  
Several studies have shown the efficacy of pharmacist-driven antimicrobial stewardship (AMS) 
interventions, especially for optimization of antibiotic prescriptions1. Using intravenous(iv)-to-oral 
conversion as an example, we explored the benefits of an electronic medication system (EMS) in 
combination with prescription review by clinical pharmacists for a University hospital AMS initiative.  
Methods  
During a 3-month intervention phase (July 1st until September 30th 2016), clinical pharmacists were 
instructed to evaluate all antimicrobial prescriptions for patients from 13 departments (except ICU) 
entered into a compulsory EMS (id medics, ID, Berlin). In case of iv administration of at least one 
compound with good oral bioavailability (ciprofloxacin, moxifloxacin, levofloxacin, clindamycin, co-
trimoxazole, doxycycline, linezolid, metronidazole, rifampicin, and fluconazole) for more than 24 hours, 
pharmacists were instructed to discuss the case based on a predefined algorithm and offered 
immediate iv-to-oral conversion in case of approval by the prescriber. 
 

 
Predefined algorithm. 
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All disapproved cases were retrospectively reviewed by an AMS team member. Antimicrobial 
consumption (in recommended daily doses per 100 patient days, RDD/100 PD) was analysed for the 
intervention period and for the same period in the preceding year.  
Results  
During the study period, 181 interventions were performed. In 107 cases (59%), iv-to-oral conversion 
was successfully implemented. In 25 cases (14%), conversion was not possible due to 
contraindications. In 49 cases (27%), conversion was disapproved by prescribers without obvious 
contraindications upon case review by the AMS team. A significant decrease of iv preparations was 
observed for eight out of ten antimicrobials. Conversion rates were highest for oral levofloxacin (+ 
27.6%), rifampicin (+ 25.6%), and linezolid (+ 16.7%). Adherence was highest in 
cardiology/cardiosurgery (oral rifampicin + 57%), trauma surgery (ciprofloxacin + 44%), and general 
surgery (clindamycin + 50%). No significant increase of oral prescriptions was observed for 
doxycycline (low total consumption of 0.3 RDD / 100 PD) and clindamycin (high iv consumption in 
single departments). We estimated that the intervention saved 15.208 € resulting in an annual cost 
reduction of approximately 60.000 €.  
Conclusion  
Iv-to-oral conversion is a feasible AMS intervention generating substantial cost-savings2. EMS 
facilitate close monitoring of antimicrobial prescriptions by clinical pharmacists and provide the basis 
for complex AMS interventions in large hospital environments. Clinical pharmacists with training in 
AMS present important multipliers for often understaffed AMS teams.  
1. The increasing role of pharmacists in antimicrobial stewardship in English hospitals.Wickens HJ et 
al. JAC. 2013 Nov;68(11):2675-81.  
2. Early switch from intravenous to oral antibiotics: guidelines and implementation in a large teaching 
hospital.Sevinç F,et al.. JAC. 1999 Apr;43(4):601-6. 
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Preclinical development of HY-133, a recombinant phage lysin for rapid decolonization 
of Staphylococcus aureus from nasal habitats 
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Current strategies to eradicate antibiotic-resistant pathogens from the microbiomes of risk patients are 
scant. Available approaches rely on broad-spectrum antibiotics e.g. for eradication of Staphylococcus 
aureus from human noses with the antibiotic mupirocin. Because general inhibition of the microbiota 
bears severe risks of resistance development, outgrowth of other pathogens, or rapid recolonization 
by the same pathogen, highly selective, yet efficient and rapid eradication strategies are urgently 
needed. Along this line, bacteriolytical proteins derived from bacteriophages are discussed as 
alternative antiinfective strategies. They combine very fast bactericidal properties, stability and activity 
at various environmental conditions, and high selectivity to a particular bacterial target species. 
Specific lytic phage proteins could enable new, highly effective eradication strategies to overcome 
increasing mupirocin resistance (MupR) and simplify the complicated and lengthy mupirocin treatment 
regimen. We developed engineered lytic proteins derived from the S. aureus phage K and the 
bacteriocin lysostaphin, which were found to act very efficiently against S. aureus including diverse 
methicillin-resistant S. aureus (MRSA) lineages while clinical strains of coagulase-negative 
staphylococci were not affected. Our optimized product candidate HY-133 was engineered to 
specifically address unmet medical needs for a decolonization agent that is (i) highly efficient, acting 
fast in a bactericidal fashion, ideally within a few hours prior to or subsequent to hospital admission, (ii) 
resistance-breaking to MupR isolates and itself subject to low rates of resistance formation, and (iii) 
highly species-specific for S. aureus, both methicillin-susceptible S. aureus (MSSA) and MRSA, 
without influence on the co-colonizing nasal microbiome as a possible contributory factor for rapid re- 
colonization by S. aureus. HY-133 is currently produced at high amount in GMP quality. Formulation 
as a hydrogel in an application-friendly and stable dosage form is currently optimized and 
pharmacodynamics and pharmacokinetic evaluation is on the way. We envisage evaluating HY-133 in 
a clinical phase I/IIa study and developing it into a therapeutic alternative to mupirocin. Selective 
pathogen decolonization by specific lytic phage proteins could become an important strategy against 
several other antibiotic-resistant endogenous pathogens. 
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Diversity of porin loss and ß-lactamase presence in carbapenem resistant Klebsiella 
pneumoniae 
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Klebsiella pneumoniae is a serious nosocomial pathogen. Increasing antibiotic resistance in this 
species, especially against carbapenems, elicit major concern. Carbapenem resistance is mediated 
through the presence of carbapenemases or loss of outer membrane channels (porins) linked with the 
presence of beta-lactamases. Data from the National Reference Center for Multidrug-resistant Gram-
negative Bacteria shows that approximately 50% of carbapenem resistant K. pneumoniae strains do 
not have a carbapenemase. The aim of this study was to investigate the mechanism of carbapenem 
resistance in carbapenemase-negative K. pneumoniae.  
  
Thirty-three carbapenemase negative K. pneumoniae isolates recovered between 2011 and 2015 in 
Germany were investigated. The carbapenem susceptible reference strain K. pneumoniae ATCC 
700603 was used for comparison. Antimicrobial susceptibility to ertapenem, imipenem, meropenem 
and 1st-4th generation cephalosporins was determined by agar dilution using EUCAST breakpoints for 
interpretation. Whole genome sequencing was performed by MiSeq. Assembled genomes were 
analyzed using Resfinder to determine the resistome. Alterations in porin encoding genes were 
investigated by comparison to the reference strain.  
  
All strains were tested non-susceptible to ertapenem and the cephalosporins. Twenty-six isolates were 
non-susceptible to imipenem and twenty-nine isolates to meropenem. All isolates had at least one and 
up to six acquired beta-lactamases. Beta-lactamase types detected and their prevalence is shown in 
Figure 1. DHA-1 and OXA-9 were found to be associated with higher MICs of all carbapenems, and 
LEN beta-lactamases with higher ertapenem and meropenem MICs.  
  
The amino acid sequence of OMP-K35 differed in 17 isolates from ATCC 700603, whereas the amino 
acid sequence of OMP-K36 was different in all isolates. The reading frame of OMP-K35 was disrupted 
by premature stop-codons (n=14) or Insertion-Sequence (IS) -elements (n=1). The reading frame of 
OMP-K36 was also disrupted by premature stop-codons (n=12), IS-elements (n=13) and a missing 
start-codon (n=1). The 14 IS-elements belonged to 5 different IS families (IS1, IS4, IS5, IS6 and 
IS1380).  
  
We did not find a common fundamental mechanism leading to porin disruption. A wide spectrum of 
different point mutations, deletions or insertions was found, resulting in premature stop-codons. 
Diverse IS-elements disrupting the porin encoding genes were identified. Disruption of the porin genes 
by an IS-element was mainly observed for OMP-K36 and seems to be a common mechanism for loss 
of this porin. A diverse range of ß-lactamases was found to be present and combined with porin loss 
found to be associated with resistance against carbapenems.  
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Figure 1 
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Bloodstream Infection due to Multidrug-Resistant Organisms – Multicenter Study on 
Determinants of Clinical Outcomes (BLOOMY.COM) 
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Background: Bloodstream infection (BSI) and sepsis are associated with major morbidity and 
mortality. Of even greater concern is the impact of antimicrobial resistances on infection outcome. 
Recent data showed that the consequences of sepsis extend well beyond short-term follow-up; 
evaluation limited to the hospital stay underestimates mortality and long-term impact. However, 
current evidence of BSI-burden is limited due to retrospective designs, small sample sizes and lack of 
adjustment for confounding.  
Objectives: The BLOOMY.COM project aims to prospectively define major short- and long-term 
determinants of sepsis outcomes in a large cohort of ICU and non-ICU patients, correlating 
clinical/epidemiological data with molecular analyses.  
Methods: BLOOMY.COM is a multicenter prospective cohort study in 6 German university hospitals 
(Charité-Universitätsmedizin Berlin, Universitätsklinikum Freiburg, Justus-Liebig-Universität Gießen, 
Universität zu Köln, Universität zu Lübeck, Universitätsklinikum Tübingen). BSI target organisms are 
Staphylococcus aureus, Enterococcus spp., Escherichia coli, Klebsiella spp., Enterobacter spp., 
Pseudomonas aeruginosa and Acinetobacter baumanni. Major outcomes are: Mortality and morbidity 
up to discharge/after 6 months; incidence of target and multidrug-resistant organisms (MROs). 
Secondary outcomes are therapy modifications, length of hospital/ICU stay (LOS), discharge facilities, 
rate of relapses/readmissions, and functional health status/quality of life (at month 6). Patients' clinical 
information are periodically reviewed by trained physicians. Strains will be analyzed with molecular 
methods, including whole genome sequencing (selected patients with high mortality risk).  
Results (preliminary): Patient inclusion started 02/2017. A total of 173 patients (117 males (67.6%); 
mean age of 67, range 29-94) agreed to participate. The majority of BSIs (59.5%) were due to Gram-
negative bacteria (E. coli 41.0%; Klebsiella spp. 10.4%; Enterobacter spp. 4.0% and P. aeruginosa 
4.0%); the most common Gram-positive germ was S. aureus 23.1%; Enterococcus spp. 17.3%). 
MROs were detected in 10 patients (6.0%): 3MRGNs in 5/167 patients (3.0%), MRSAs in 3/167 
(1.7%), VREs in 2/167 (1.2%). Overall mortality rate was 16.0% (17/106); 23.5% associated with 
MROs (4/17). The most important etiologies for mortality were abdominal infections 23.5% (4/17); the 
most frequent comorbidities were malignancies 64.7% (11/17). Mean LOS was 14 days from sampling 
of the first positive blood culture. The long-term follow-up period starts in 08/2017 with the telephone 
interview of the first patient.  
Conclusions: In a multicenter German cohort E. coli is the most common cause of BSI. Mortality 
(16.0%) was mainly associated with abdominal infections and underlying malignancies. Sepsis in 
Germany still correlates with high morbidity and mortality. Knowledge of epidemiological, clinical, and 
microbiological drivers of outcome is essential to reduce the burden. 
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Background: Antibiotic stewardship programmes have been shown to reduce antibiotic use and 
hospital costs. We aimed to evaluate evidence of the effect of antibiotic stewardship on the incidence 
of infections and colonisation with antibiotic-resistant bacteria.  
Methods: For this systematic review and meta-analysis, we searched PubMed, the Cochrane 
Database of Systematic Reviews, the Cochrane Central Register of Controlled Trials, and Web of 
Science for studies published from Jan 1, 1960, to May 31, 2016, that analysed the effect of antibiotic 
stewardship programmes on the incidence of infection and colonisation with antibiotic-resistant 
bacteria and Clostridium difficile infections in hospital inpatients. Two authors independently assessed 
the eligibility of trials and extracted data. Studies involving long-term care facilities were excluded. The 
main outcomes were incidence ratios (IRs) of target infections and colonisation per 1000 patient-days 
before and after implementation of antibiotic stewardship. Meta-analyses were done with random-
effect models and heterogeneity was calculated with the I² method.  
Findings: We included 32 studies in the meta-analysis, comprising 9 056 241 patient-days and 159 
estimates of IRs. Antibiotic stewardship programmes reduced the incidence of infections and 
colonisation with multidrug-resistant gram-negative bacteria (51% reduction; IR 0·49, 95% CI 0·35–
0·68; p<0·0001), extended-spectrum β-lactamase-producing gram-negative bacteria (48%; 0·52, 
0·27–0·98; p=0·0428), and methicillin-resistant Staphylococcus aureus (37%; 0·63, 0·45–0·88; 
p=0·0065), as well as the incidence of C difficile infections (32%; 0·68, 0·53–0·88; p=0·0029). 
Antibiotic stewardship programmes were more effective when implemented with infection control 
measures (IR 0·69, 0·54–0·88; p=0·0030) especially hand hygiene interventions (66%; 0·34, 0·21–
0·54; p<0·0001) than when implemented alone. Antibiotic stewardship did not affect the IRs of 
vancomycin-resistant Enterococci and quinolone-resistant and aminoglycoside-resistant gram-
negative bacteria. Significant heterogeneity between studies was detected, which was partly explained 
by the type of interventions and co-resistance patterns of the target bacteria.  
Interpretation: Antibiotic stewardship programmes significantly reduce the incidence of infections and 
colonisation with antibiotic-resistant bacteria and C difficile infections in hospital inpatients. These 
results provide stakeholders and policy makers with evidence for implementation of antibiotic 
stewardship interventions to reduce the burden of infections from antibiotic-resistant bacteria. 
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Novel clone of Serratia marcescens associated with neonatal outbreaks in Germany: A 
novel subspecies? 
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Serratia marcescens is an important nosocomial pathogen that is associated with a wide range of 
infections. Since 2010, increasing incidences of S. marcescens have been associated with pediatric 
infections.  
We sequenced and analyzed 186 S. marcescens isolates comprising of 117 from neonatal outbreaks, 
59 from sporadic cases and 10 non-human sources, throughout Germany. We investigated the 
population structure of these S. marcescens isolates together with publicly available genomes (n=46) 
as references.  
A core genome phylogenomic analysis clustered 80% of the S. marcescens isolates from Germany in 
a unified but a separate clade. This clade comprised mainly of isolates from neonatal outbreaks 
(89%). In contrast, isolates from the sporadic cases distributed randomly across the phylogeny. While 
clones within an outbreak differed by a few SNPs, isolates from different outbreak exhibited up to 100 
SNPs. Nevertheless, compared to reference strains these isolates from outbreaks differed by several 
thousand SNPs signifying close relatedness and recent emergence. These isolates lacked typical red 
pigmentation, as prodigiosin biosynthesis gene cluster was absent. Initial analysis suggests these 
isolates comprises a novel subspecies distinct from S. marcescens subsp. marcescens or S. 
marcescens subsp. sakuensis.  
In conclusion, this preliminary study shows a predominant clone of a novel yet unidentified subspecies 
of S. marcescens associated with nosocomial neonatal outbreaks in Germany. An extended study is 
warranted to understand the incidences of this clone by including more national and international 
isolates. 
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Trypanosoma cruzi escapes elimination through the induction of co-inhibitory 
receptors on T cells 
 
R.I. Grote-Gálvez, T. Jacobs 
Bernhard Nocht Institut for Tropical medicine, Hamburg, Germany 
 
Trypanosoma cruzi is an obligate intracellular protozoan parasite that escapes immune response, 
persists for decades in the human host and leads to Chagas disease. Although a robust Th1 response 
controls parasite replication during the acute phase, a complete parasite clearance fails. We showed 
that during the acute infection in mouse models T. cruzi modulated the T cell compartment and 
induced a transient upregulation of co-inhibitory receptors on CD4+ and on CD8+ T cells. T-cell 
immunoglobulin and mucin-domain containing-3 (TIM-3) expression was significantly increased on 
CD8+ T cells and this expression correlated with a significantly reduced TNF α production capacity 
after in vitro stimulation. Importantly, we showed that TIM-3 ligand Galectin-9 was strongly 
upregulated in vivo on splenic inflammatory CD3-CD19-CD11b+Ly6C+ monocytes. Furthermore plasma 
cytokine levels as well as the parasitic load in the tissue were measured and confirmed our findings. 
Accordingly to our preliminary data, we think that the upregulation of co-inhibitory receptors, in context 
of acute infection, is a natural mechanism to avoid immunopathology. T. cruzi exploits this pathway to 
alter parasite specific T cell responses and circumvent elimination. A blockade of co-inhibitory 
molecules might improve immunity and clearance of parasitic reservoirs. This is an important 
contribution towards the understanding of the immune evasion strategies of T. cruzi and identification 
of potential targets of immunotherapy. Chagas disease remains the most important neglected vector-
borne disease in Latin America. 
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and growth after phagocytosis by macrophages 
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With multi drug-resistant M. tuberculosis variants on the rise, novel approaches to tackle the global 
tuberculosis epidemic are needed. Neutrophils represent the main infected cell population in lungs of 
patients with active tuberculosis. Here we show that M. tuberculosis induces necrosis of human 
neutrophils in an ESX-1-dependent manner. Necrosis was a prerequisite for mycobacterial growth in 
human macrophages after subsequent removal of infected, necrotic neutrophils. After identification of 
reactive oxygen species (ROS) as drivers of necrosis, we were able to prevent necrosis by 
pharmacological inhibition of myeloperoxidase. Thereby, we restored the capability of efferocytic 
macrophages to control mycobacterial growth, highlighting ROS and ROS-producing enzymes as 
putative targets for host-directed therapy. Taken together, host cell necrosis represents the starting 
point for a vicious circle leading to subsequent uptake of infected necrotic cells by other phagocytes, 
mycobacterial growth therein and, again, induction of host cell necrosis, a scenario that is very likely to 
take place in patients. Interruption of this vicious circle by inhibition of necrosis and subsequent 
restoration of the anti-mycobacterial functions represent an intriguing approach for host-directed 
therapy. 
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Introduction: Tuberculosis (TB) is a global health emergency with little known about the long-term 
sequelae. Accumulating evidence indicates that pulmonary function is already markedly impaired at 
the time of TB diagnosis and permanent lung injury due to TB is frequent and substantial. There is 
however very limited data on the full spectrum of these complications, especially in 
resource‐constrained settings. To fill the existing knowledge gap, the TB Sequel Network was 
established, which represents a consortium of eight partners in Africa and Europe. TB Sequel Network 
is currently performing a robust epidemiological longitudinal study to describe the magnitude and 
spectrum of adverse outcomes and risk factors of pulmonary TB.  
  
Aim: The current TB Sequel project aims to systematically assess and describe lung outcomes in 
African patients; understand clinical, microbiologic and host-immune factors affecting the long-term 
sequelae of pulmonary TB; determine occurrence of reversible and irreversible costs and 
socioeconomic consequences for patients; and facilitate novel interventions to restore and preserve 
overall health, quality of life and well-being in patients with pulmonary TB.  
  
Methods: This project includes three work packages: Research, Capacity Development and 
Networking. The core of the Research package is a prospective cohort of up to 1600 patients across 4 
participating countries (Mozambique, South Africa, Tanzania and The Gambia) enrolled at the time of 
TB diagnosis and followed up for at least two years. The overall goal of the cohort is to describe and 
analyse the basis of the long‐term clinical consequences of pulmonary TB, with a particular focus on 
lung injury. The data and samples collected from this cohort will support and enable other research 
activities within the TB Sequel Network and further research collaborations. Networking and Capacity 
Development packages are designed to ensure effective translation of research findings into policies 
as well as improve infrastructure and training of medical and research staff at the participating African 
institutions.  
  
*On behalf of consortium members: Ivanova O., Sutherland J., Jani I., Charalambous S., Schaible 
U.E., von Both U., Khosa C., Evans D., Rassool M., Sabi I., Geldmacher C., Chachage M., Mekota 
A.M., Velen K., Sathar F., Merker M., Rieß F., Zekoll F., Sitoe N., Owolabi O., Nhassengo P., 
Hoffmann V., Abdou S., Uamusse E., and other clinical and research staff involved. 
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Wuchereria bancrofti infection is linked to systemic activation of CD4 and CD8 T cells 
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Background: We have recently shown that infection with W. bancrofti (WB), the causative agent for 
lymphatic filariasis (LF) increases the risk of HIV infection. While the underlying mechanism for this 
phenomenon remains unclear, it can be hypothesized that helminth-associated systemic activation of 
CD4 T cells facilitates early systemic viral dissemination after initial HIV transmission. Indeed, recent 
data from a large HIV efficacy vaccine trial conducted in a high-risk MSM setting, demonstrated an 
increased HIV infection risk in subjects with higher systemic T cell activation and in particular higher 
frequencies of circulating HLA-DR+ CD4 T cells. Here we have studied systemic T cell activation and 
HIV co-receptor expression in relation to most frequent helminth infections, including WB, in South-
West Tanzania.  
Methods: Two-hundred and fifty HIV negative adults from the Worm HIV Interaction study (WHIS) 
were included in the analysis. Helminth infection was determined using Trop Bio ELISA (LF), Kato 
Katz and a multiplexed real time PCR for detection of soil transmitted helminths and Schistosoma 
species, followed by grouping of subjects according to their helminth status. Since particularly 
Trichuris trichiura (TT) infection was linked to increased systemic T cell activation in previous 
analyses, we allocated helminth-infected subjects into groups containing either TT or LF infection to 
separately assess the influence of both helminths. Markers for T cell activation (HLADR, CD38), 
differentiation (CD45, CD27), regulatory CD4+ T cells (FoxP3, CD25) and expression of the HIV co-
receptor CCR5 were assessed in fresh, whole blood using polychromatic flow cytometry. Results were 
analyzed in univariate and multivariate regression models including age, gender and fever.  
Findings: Forty-six individuals were free of helminths, 20 individuals were infected with LF, 27 with TT 
and 146 participants with other helminths excluding LF and TT. We noticed a significant higher 
percentage of HLADR positive cells among CD4+ T cells in patients with LF (11.1% ) and TT (10.1%) 
infection compared to helminth free individuals (8.0%) or participants infected with other helminths 
(8.1%) (LF versus helminth free; p=0.001). A higher percentages of CD4+ effector memory T cells 
(CD45RO+/CD27 -) were found in blood of LF patients (27.7%) compared to the group of other 
helminths (19.0%, p>0.001) or helminth free individuals (21.5%, p= 0.002). Additionally, the 
percentage of CCR5 positive cells among regulatory CD4+ T cells was significantly higher for LF, 
compared with helminth free individuals (61.2% versus 53.2%, p=0.04) and all other helminth groups.  
Interpretation: These data demonstrate that Wuchereria bancrofti infection is linked to systemic T cell 
activation independent from other helminth infections and support the hypothesis that helminth-
associated T cell activation can contribute to increased HIV transmission risk. 
 



Symposium VI: Drug Resistance and Control of Tuberculosis and Parasitic Infections 
 

 197 

 

P 131 
 

Concurrent helminth infection interferes with vaccine-induced protection against 
influenza virus infection 
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Parasitic helminths infect 2 billion people worldwide thereby dampening the immune system of their 
hosts. Accordingly, several studies report a negative correlation between pre-existing helminth 
infection and response to vaccination in the human population. We have reiterated these findings in 
mice by showing that concurrent infection with the parasitic nematode Litomosoides sigmodontis 
suppressed the antibody (Ab) response to model antigen vaccination (DNP-KLH). Reduced Ab 
response to DNP-KLH vaccination was observed during acute L. sigmodontis infection, but also if 
mice were vaccinated several months after termination of infection. In order to asses the clinical 
relevance of these findings, we are currently analyzing the impact of concurrent helminth infection on 
vaccine-induced protection against influenza. Seasonal influenza is predominantly elicted by 
circulating influenza virus A (presently H1N1 and H3N2) and causes up to 500.000 fatal casualties 
each year. Disease can be prevented by a vaccination that induces a neutralizing Ab response 
specific for the variable epitopes of the haemagglutinin (HA) head. Vaccination of C57BL/6 mice with 
the commercially available seasonal (2014/15) trivalent subunit anti-influenza vaccine Begripal 
(Novartis), that is licensed for humans, elicits a neutralizing HA-specific Ab response. Vaccinated mice 
are protected against challenge infections with the human pathogenic influenza strain A H1N1 (H1N1 
A/Hamburg/NY1580/09). Mice that were infected with L. sigmodontis for 4 weeks at the moment of 
vaccination displayed reduced titres of HA-specific IgG as well as a reduced neutralizing capacity 
quantified by haemagglutinin inhibition assay. Reduced Ab response in vaccinated, L. sigmodontis-
infected mice was refleted by increased weight loss and increased influenza virus burden during 
challenge infection compared to vaccinanted, non-helminth-infected mice. As our results suggest that 
anti-influenza vaccinations with non-adjuvanted vaccines may be less protective in helminth-infected 
humans, we are currently comparing the protective efficacy of alternative vaccination regimens using 
adjuvanted influenza vaccines in L. sigmodontis-infected mice. 
 



Symposium VI: Drug Resistance and Control of Tuberculosis and Parasitic Infections 
 

 198 

 

P 132 
 

Distribution of the Usutu virus and its impact on bird populations in Germany 
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The Usutu virus (USUV) is a mosquito-borne virus, circulating in an enzootic transmission cycle with 
birds as amplifying hosts and ornithophilic mosquitoes as vectors. In humans, USUV is generally 
expected to cause a mild arboviral disease, but also meningoencephalitis was observed in 
immunocompromised patients. USUV outbreaks with massive bird die-offs were recorded in several 
European countries (e.g. Italy, Austria). However, the population-level impacts of USUV in wild birds 
are largely unknown.  
Data on dead bird surveillance in combination with bioclimatic data were used to predict the potential 
distribution of USUV in Germany. Population data of 11 widespread bird species (e.g. Common 
blackbird, House sparrow) were compared between areas suitable and unsuitable for USUV.  
The highest probability of USUV occurrence was identified for south-west Germany covering 
approximately 5% of the entire country. In the comparison between the areas suitable and unsuitable 
for USUV, only the Common blackbird showed significant differences in the breeding bird population 
trends. The population of the species significantly declined in the USUV suitable areas with a total 
population reduction of approximately 25% between 2010 and 2013.  
The analyses of the potential distribution of USUV indicated the highest risk for USUV transmission in 
the south-west of Germany, representing a risk for animal and public health. 
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Novel drugs are needed to eliminate poverty related diseases like lymphatic filariasis and 
onchocerciasis. Drugs that kill microfilariae must be administered >10 years, the reproductive life-time 
of adult worms. Despite reductions in infected populations, >100 Mio people are infected. To meet 
London Declaration 2012 goals to eliminate these infections within a decade, the WHO recommends 
developing and implementing macrofilaricides. Depleting the essential Wolbachia endobacteria of 
filarial nematodes with antibiotics is macrofilaricidal. Corallopyronin A (CorA) from Corallococcus 
coralloides inhibits bacterial DNA dependent RNA polymerase (RNAP), depleting Wolbachia >10-fold 
better than the doxycycline benchmark. This allows shorter treatment times in animal filarial infections, 
a prerequisite to implement this therapeutic principle. Having demonstrated superiority of CorA over 
current macrofilaricides, the next steps are improving production and preclinical development. We 
have conducted non-GLP ADME and in vitro toxicity studies with technical grade CorA showing that 
CorA: has similar oral and intraperitoneal bioavailability, is non-toxic in vitro and in vivo, and does not 
inhibit host cell proliferation. CorA does not alter the expression CYP450s and CYP450 3A4 activity is 
minimally induced, minimizing drug-drug interactions seen with rifampicin, which also inhibits RNAP. 
CorA is lipophilic and is more stable in a fed state compared to a fasted state. Collaborating with the 
HKI, we developed CorA production from laboratory- to large-scale (220 L) fermentation. However, 
production needs improvement and up-scaling to achieve cost-effective, high purity production at an 
industrial-scale. We are following two methods to increase the economical production of CorA. 1) In 
cooperation with Acies Bio, Slovenia, strain optimisation by classical mutagenesis of the current 
heterogeneous strain to select a high yield producer. 2) Our partners from the HZI are developing 
heterologous expression of the CorA biosynthetic gene cluster in Myxococcus xanthus. After 12 
months the most promising route will be continued. In addition, the consortium is developing a more 
efficient downstream processing protocol to yield CorA at >95% purity. The purity of CorA is being 
guided by quantitative NMR and HPLC that will also be used for pre-clinical studies, e.g. identification 
of isomers and metabolites. Highly pure CorA (95%-98%) has been achieved by multiple purification 
rounds and has demonstrated that CorA of high purity will lower our current minimal effective dose in 
vivo. The final production protocol will provide CorA at >95% purity for final non-GLP pre-clinical 
studies, Ames, hERG and non-GLP toxicity tests in 2018. We will engage with BfArM in 2018 for 
advice on CorA specification for GMP production by a CMO. With this material GLP-tox studies will be 
performed in 2019 and, with continued advice from BfArM, phase 1 trials will be planned for 2020. 
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Towards a structural and functional model of the PfEMP1 mediated host-pathogen 
interactions for the development of novel treatment options against malaria 
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Malaria, a life-threatening disease that is caused by parasites of the genus Plasmodium, is burdening 
almost half of the world population. The most prevalent malaria pathogen Plasmodium falciparum (Pf) 
is responsible for the vast majority of malaria-related deaths globally. Following human infection, Pf 
multiplies first in liver cells and then in red blood cells. Sequestration of infected red blood cells (iRBC) 
is the key triggering event in the pathogenesis of severe malaria. The clonally highly variant var/Pf 
erythrocyte membrane protein 1 (PfEMP1) family appears to be the most important factor implicated in 
this process. PfEMP1 mediates a variety of interactions with host cell receptors leading to e.g. 
cytoadhesion. Evidence is emerging that severe malaria is caused by parasites expressing a distinct 
subset of PfEMP1 (1,2). PfEMP1 are high-molecular weight proteins, with extracellular ectodomains 
consisting of Duffy-binding like (DBL) and cysteine-rich interdomain region (CIDR) adhesion domains. 
Distinct domain combinations, so called domain cassettes (DCs), occur significantly more frequent 
than others and are thought to be of functional importance (3). As our knowledge of the mechanism 
underlying the PfEMP1 mediated host-pathogen interactions is still incomplete we want to study the 
binding of PfEMP1 to host cell receptors by a combinatorial structural and functional approach. A set 
of DCs and full-length PfEMP1 were chosen to represent the binding capabilities of the entire PfEMP1 
family of a given Pf strain. The selected var genes were cloned into vectors suitable for cell-free 
expression in eukaryotic lysate systems. The cell-free production of suitably tagged PfEMP1 and 
receptor molecules allows protein-protein interaction studies based on co-purification or co-
immunoprecipitation in a fast and efficient way. Analysis of the binding of a panel of PfMEP1s and 
their mutants to a panel of host receptors will provide an in-depth understanding of PfEMP1 mediated 
interactions and may allow predictions of an atlas of interactions between the malaria parasite and the 
human host depending on the DC content of Pf strains. Moreover, the binding assay reported here will 
allow testing human sera for its potential to inhibit PfEMP1 mediated parasite-host interactions to 
provide immunological protection. Involved PfEMP1 molecules will be subjected to structural analysis 
by X-ray crystallography. Collectively, these approaches will provide new information that may lead to 
the development of novel treatment options against malaria. Here we present the established assay 
and first results for the binding of a panel of PfEMP1 molecules to selected receptors. 
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Background: The extent to which drug-resistant(DR) strains cause infection and progression to TB 
disease compared to drug-sensitive (DS) strains is unknown. We performed a systematic review and 
meta-analysis to assess whether transmission and progression to active TB disease differ between 
DR- and DS-TB.  
  
Methods: Nine databases were searched. Eligible studies compared contacts of index cases with DS- 
and DR-TB and reported on prevalent and/or incident Mycobacterium tuberculosis (Mtb) infection or 
secondary cases of TB disease.  
  
Results: 7/5316 identified studies from Brazil(n=2), Peru(n=1), Argentina(n=1), Mexico(n=1), 
Canada(n=1) and USA(n=1) from 1975 to 2013 were included. The prevalence of Mtb infection ranged 
from 17.5% to 76.0% in contacts of DR-TB index cases, and 12.1% to 83.1% in contacts of the DS-TB 
index cases. Fixed-effects meta-analysis of the relative risk ratio for Mtb infection in contacts of 
multidrug-resistant (MDR)TB compared to DS-TB index cases revealed a pooled relative risk ratio(RR) 
of 1.24 (95%CI 1.08-1.42). Heterogeneity of results was high (I2=75%). Pooled RR for active TB 
disease were non-significant.  
  
Conclusion: There is a need for more data, with no studies reporting from Africa, Asia and Europe. 
The available data from controlled observational studies does not provide evidence that DR-TB is less 
transmissible than DS-TB.  
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Background  
  
Childhood TB, particularly in its extra-pulmonary form, is very challenging to diagnose, let alone to 
monitor response to treatment. Predictive markers that would allow clinicians to differentiate between 
ongoing active disease and cure are lacking. Thus, there is an urgent need for improved diagnostic 
tests. Here we report a case of extra-pulmonary TB with a novel immune-diagnostic test allowing for 
both diagnosis and treatment monitoring.  
  
Case presentation and methods  
A 16 year-old male refugee from Afghanistan presented to our tertiary care hospital with a 3-months 
history of worsening left-sided hip pain, otherwise well and no fever. Previous conventional 
diagnostics, including culture of joint fluid aspirate had been negative. On presentation he showed 
mildly raised CRP (26 mg/l), normal FBC and chemistry. Conventional radiography and subsequent 
MRI scan revealed narrowing of joint space and destructive erosions of the left hip. IGRA testing was 
positive and M. tuberculosis was detected from joint effusion using PCR and culture. He was started 
on anti-TB treatment, gradually showing clinical improvement.  
The novel TAM-TB assay has previously been shown to accurately differentiate between active TB 
and latent TB infection (LTBI) in a cohort including pulmonary TB patients. We collected whole blood 
for TAM-TB assay at time of diagnosis (T0), 4 weeks (T4w) and 6 months (T6m) into treatment. As 
expected, test result at T0 accurately classified the patient as active TB. Of note, samples collected at 
T4w and T6m showed a clear trend towards the previously established LTBI signature, thus mirroring 
clinical response to treatment.  
  
Discussion  
The TAM-TB assay is a very promising new tool with great potential to improve TB diagnostics. It may 
even be the only quantitative test allowing for treatment monitoring. Large-scale validation studies are 
already underway. 
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Background: According to the latest WHO TB report a total of 6.1million new TB cases were reported 
in 2015; not displaying true disease burden, which adds up to 10million cases per year. 
Underdiagnosis and underdetection remain central issues, in particular in vulnerable groups such as 
children and immunocompromised.  
To diagnose and cure these missing 4million cases, better tests are needed which are easy to use, 
even in resource limited settings. WHO calls for biomarker-based approaches and an algorithm 
composed of a simple screening test followed by a confirmatory one.  
A variety of new tests are ready for evaluation. However, clinical validation studies continue to be 
difficult: the current microbiological reference standard, to which new tests will be compared, is 
unreliable and does not identify all TB cases. Due to the unsatisfactory reference standard, evaluation 
of new tests remains challenging, as distinction between false-positive and (early)true-positive cases 
is almost impossible.  
In this study, we evaluate sensitivity and specificity of a set of new promising tests, bypassing the 
dilemma of an insufficient reference standard by following a more complex methodology; aiming to 
influence new screening and diagnostic algorithms in future. 

 
The current reference standard remains insufficient and leads to a high proportion of unconfirmed TB cases being only 
diagnosed on clinical grounds. A new algorithm, which includes new tests, the number of confirmed cases will significantly 
increase. 
 
Methods: DZIF funding for a diagnostic study in the greater Munich allowed designing an improved 
diagnostic algorithm. In this single-gate, double diagnostic study, a broad variety of new tests following 
diverse approaches will be evaluated, including cellular immune response assays and rapid molecular 
testing.  
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Patients will be assigned to different assessment schedules: 1) suspicion of active TB; 2) new-test 
positivity, but no gold-standard confirmation; 3) patients on preventive treatment. An extended follow-
up with scheduled clinic visits and repeated sampling will allow determination of the nature of new-test 
positive cases and likelihood of true or incipient TB that might be detected early using novel tests.  
In addition, simulation of a combination of tests in hypothetical algorithms from the database will be 
performed, as all candidate tests are conducted on samples from the same patient. Ethics approval 
has been granted and recruitment started.  
Conclusion: This complex study design and algorithm allows i) patients to be shifted between different 
assessments and follow-up strategies dependent on their diagnostic and/or treatment status, and ii) 
work on several important diagnostic questions under the umbrella of one study, such as an improved 
detection methodology for early TB detection, potentially leading to improved management of the 
powerful option of preventive treatment .  
Within the framework of this study we are not only able to evaluate performance of new tests, but also 
to apply new algorithms and testing strategies in the field. Furthermore, both protocol and database 
provide an attractive platform to evaluate tests for childhood TB, extra-pulmonary TB, and for early 
detection of incipient TB. 
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Tuberculosis (TB) remains the most deadly bacterial infectious disease worldwide. Treatment and 
control of TB is threatened by increasing numbers of multi-drug-resistant (MDR) or nearly untreatable 
extensively drug-resistant (XDR) strains. Therefore, new concepts are urgently needed to improve 
patient care through faster and comprehensive diagnostics, and to improve our understanding of the 
factors driving the TB epidemics, especially the spread of drug resistant outbreak strains.  
  
The Next Generation Sequencing (NGS) technology allows for a paradigm change in diagnostics and 
genotyping for individualized treatment, outbreak investigations, longitudinal molecular epidemiological 
studies, and TB surveillance. It facilitates the rapid analysis of nearly complete genomes of clinical 
Mycobacterium tuberculosis complex (MTBC) isolates. Therefore, NGS based whole genome 
sequencing (WGS) analysis goes far beyond conventional molecular tests used for drug susceptibility 
testing by being able to interrogate nearly the whole genome for variants involved in resistance 
development (resistome analysis). Simultaneously, it allows for highest-resolution genotyping for 
outbreak analysis or longitudinal genome based molecular epidemiological studies. The application of 
WGS as a standard tool for diagnostics and genotyping has become realistic due to the decreasing 
costs per base sequenced and the development of benchtop NGS systems. However, integration into 
a normal laboratory workflow is still challenging for non-specialized laboratories.  
  
Here, we describe the implementation of NGS sequencing technology in low, medium, and high 
throughput workflows using three different Illumina sequencing machines: the MiniSeq, MiSeq, and 
NextSeq instruments. Working with customized preparation protocols for different sample materials 
(cultures, lysates, frozen stocks) allows to employ NGS analysis for different study designs ranging 
from retrospective large-scale case collections to ad hoc requests for NGS based characterizations of 
clinical samples. All workflows include rigorous quality control steps including the generated 
sequencing data. Importantly, the protocols are easily adaptable to other bacterial species, and were 
already successfully used for different mycobacterial species as well as other pathogens of interest. Of 
especial interest to small to medium settings, we can reach a turnaround time of less than one week 
for the characterization of clinical samples. This can be coupled with the extremely quick and fully 
automated web-based NGS interpretation pipeline PhyResSE (https://bioinf.fz-
borstel.de/mchips/phyresse/), directly generating genotyping and resistance reports from uploaded 
sequence data.  
  
In conclusion, we successfully implemented efficient and flexible workflows for NGS based genomics 
using three different Illumina sequencers together with customized protocols. This allows for optimized 
application of NGS for different diagnostic and research questions. 
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Analytical Quantification Techniques for Corallopyronin A - suitable for different 
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Corallopyronin A (CorA), isolated from the myxobacterial strain Corallococcus coralloides B035, is an 
antibiotic agent effective against Wolbachia endosymbionts of filarial nematodes and arthropods. CorA 
inhibits the bacterial DNA-dependent RNA polymerase and has a new mode of action[1]compared to 
rifampicin. Therefore it is active against rifampicin-resistant Staphylococcus aureus and should not 
drive cross-resistance[2] to other bacterial DNA-dependent RNA polymerase inhibitors.  
For the translational development of a novel anti-infective, it is of utmost importance that an 
established and validated method for the quantification of the active pharmaceutical ingredient (API) 
for in vitro and in vivo tests is available. Natural products obtained by fermentation with subsequent 
down-stream processing yield products which differ in quality. For the optimisation of these processes 
and for the control of each API batch a standardized purity control is necessary. For the refinement 
and validation of the analytical method a CorA reference sample is also essential. Hence, an absolute 
quantification method to analyze CorA starting material was successfully developed, employing NMR 
measurements with an internal standard. This enabled us to select a highly pure CorA batch to be 
used as a reference and as an external standard in HPLC-DAD/MS method development and 
measurements. A defined analytical method, applicable by all collaborators and production sites, was 
established using HPLC. This enables comparison of analytical results from different laboratories to 
reliably quantify CorA and to detect isomers that may be formed during production and storage.  
In summary, the combination of different analytical techniques, such as NMR and HPLC ensures 
reliable CorA quantification in fermentation media, starting material, pharmaceutical preparations, 
plasma samples, urine samples and organ homogenates for the current and planned in vitro and in 
vivo experiments.  
  
 

 
Figure 1: Chemical Structure of Corallopyronin A 
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Mendelian Susceptibility to Mycobacterial Disease (MSMD) is a rare primary immunodeficiency 
syndrome, which is characterized by recurrent severe infections caused by weakly virulent 
mycobacteria. MSMD is associated with mutations in different genes, all leading to an impaired 
activation of macrophages (MΦ) by T-cells. Specifically, mutations in the interferon-gamma-(IFNγ)-
receptor (IFNγR) gene result in a life-threatening disease phenotype.  
To gain new insights into MSMD pathophysiology, we generated different patient specific iPSCs from 
individuals suffering either from IFNγR1, IFNγR2, STAT1, or CYBB deficiency.  
All established iPSCs were characterized by morphology, SSEA4/Tra1-60 expression, endogenous 
reactivation of OCT3/4, SOX2, and NANOG, and three germ layer differentiation capacity.  
Thereafter, iPSCs harbouring a heterozygous (iMSMD-het) or compound heterozygous (iMSMD-
cohet) mutations in the IFNγR1 gene have been differentiated towards macrophages in order to 
elucidate the susceptibility to mycobacterial infections. As a first step, we subjected human healthy 
iPSC to an embryoid body (EB)-based myeloid differentiation protocol yielding so-called “myeloid cell 
forming complexes (MCFC)” within 7-10 days in the presence of IL3 and M-CSF. This resulted in 
continuous generation of >95% pure monocyte/macrophages (iPSC-MAC) from day 14 onwards over 
a period of 3-5 months at a quantity of 0.4-1.5 x 10^6 cells/week/well. Detailed characterization of 
mature myeloid cells demonstrated a typical monocyte/macrophage-morphology of iPSC-MAC by 
cytospins and a surface-marker profile of CD45, CD11b, CD14, CD163, and CD68. In addition, iPSC-
MAC had the ability to phagocytose latex-coated beads similar to peripheral blood macrophages 
polarized to M2 and secreted MCP1, IL6, IL8, and IL10 upon LPS stimulation, whereas IFNγ, IL1b, 
IL4, IL5, and IL12 were absent  
Loss of IFNγR1-expression had no influence on the hematopoietic differentiation potential of patient 
specific iPSCs, generating macrophages with typical morphology, surface marker expression and 
IFNγ-independent phagocytic activity. In contrast, impaired IFNγ-signaling in iMSMD-cohet 
macrophages led to defective IFNγ-dependent functionalities as shown by the lack of pSTAT1 and 
deregulated expression of IFNγ-downstream targets such as IRF1, SOCS-3 and IDO. As a 
consequence, iMSMD-cohet macrophages show impaired up-regulation of HLA-DR and reduced 
intracellular killing of Mycobacterium bovis and Bacillus Calmette-Guérin (BCG). In summary, we 
provide a disease modeling platform, which might be suited to gain new insights into the pathogenicity 
of mycobacteria and to elucidate further the role of IFNγ-signaling in macrophages. Moreover, the 
described system might also be applicable to investigate new therapeutic options in MSMD, thus 
paving the way for new treatment options for mycobacterial infections. 
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Background: TB and MDR-TB remain a major public health problem in Low and Middle Income 
Countries. Until recently, treatment relied exclusively on a burdensome 20-month long MDR-TB 
regimen associated with major adverse effects and poor treatment outcomes. The considerable 
physical, psychological and financial burdens associated with MDR TB treatment lowered adherence 
with up to 25% loss-to-follow-up rates. In September 2015, Gabon started the evaluation of the 
shortened 9 months MDR-TB regimen to assess its safety and efficacy prior to its implementation 
under programmatic conditions in line with recent WHO recommendations.  
  
Methods: This was a prospective observational operational study started at three MDR treatment sites 
identified in Gabon: Libreville, Lambaréné and Lébamba. MDR-TB patients aged 15 and above, 
diagnosed by Xpert MTB/RIF, LPA or phenotypic DST and with less than 2 months prior exposure to 
second line TB drugs were included. A short-duration, 9-month MDR-TB regimen 
(4KmMfxPtoHCfzEZ/5MfxCfzEZ) was administered. Patients were hospitalized for at least four months 
during the intensive phase of treatment and ambulatory DOT was organized during the continuation 
phase lasting up to five months. Adverse events were monitored by the attending clinical team and 
bacteriological follow up tests (microscopy and culture) were done monthly during intensive phase and 
quarterly thereafter. Treatment outcomes were ascertained based on the recently revised WHO case 
definitions (2013).  
  
Results: A total of 14 patients were included between September 2015 and December 2016. None 
was HIV-positive; one was diabetic. As per end of May 2017, treatment outcomes were as follows: 
cured (4), treatment completed (1), treatment failure (1), death (3), loss to follow up (1), treatment 
ongoing (4).  
Among the 4 patients still under treatment, 3 had microscopic sputum conversion by M4 while 
treatment outcome could not be ascertained for the remaining one patient as sputum samples were 
not available. Treatment failure was associated with lack of sputum conversion until M6 and resistance 
to fluoroquinolone. Major adverse events reported included liver failure, partial hearing loss and 
transient cutaneous rash. Numerous challenges delayed larger scale implementation of the shortened 
MDR regimen in Gabon, Notably, the study was faced with scarcity of adequately trained medical 
health staff and generally poor awareness of the disease, lack of dedicated financial public resources 
for patient hospitalization and lack of specialized equipment for assessment of adverse effects in 
some sites.  
  
Conclusion: Despite a limited sample size, our results indicate that favourable treatment outcomes can 
be achieved with the shorter MDR-TB regimen in a clinical study context. Implementation of this 
regimen under programmatic conditions could however be more challenging, for reasons stated 
above. 
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Recently, we identified E. histolytica clones, which differ in their pathogenicity. Clone B2p is able to 
induce liver abscess formation in the animal model. In contrast, clone B8np, which derived from the 
same cell line (HM-1:IMSS-B) is non-pathogenic. In comparison to clone B2p, clone A1np (derived form 
cell line HM-1:IMSS-A) induced smaller abscesses and a faster regeneration of the abscesses was 
observed. Based on comprehensive transcriptome studies, we identified a set of genes that are 
differentially expressed. Using ecotopic overexpression of 20 candidate genes, 8 highly expressed 
genes were identified to correlate with a reduced pathogenicity and only one that increases 
pathogenicity to a certain extend.  
To analyse the influence of these candidate genes in more detail a RNA interference trigger mediated 
gene silencing approach was used. For this we identified trigger sequences that specifically allow 
gene silencing in the A and B clones, respectively. Using this approach, we were able to silence 14 
out of 25 investigated genes.  
Interestingly, the silencing is stable also without addition of the selectable marker. However, we 
observed that gene-specific silencing can lead to silence the expression of family-related genes like it 
was observed for cysteine peptidase or alcohol dehydrogenase genes. Unfortunately, analysing the 
influence of gene-silencing on liver abscess formation indicated that the pathogenicity was already 
reduced in mock-transfected B2p trophozoites compared to wild type amoebae. However, silencing of 
at least one gene confers pathogenicity to the non-pathogenic clone B8np. 
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Mycobacterium tuberculosis is resistant against the antimicrobial activity of a large number of host 
defence peptides (HDPs), which are active against other Gram-negative or –positive bacteria. One 
reason for this resistance is the unique structure of the mycobacterial cell wall. Mycobacteria produce 
a thick mycolate-rich outer covering which functions as an exceptionally efficient barrier. We 
demonstrated that the membrane forming properties of trehalose dimycolate (TDM), as one of the 
important components of the mycobacterial outer barrier, are unique. TDM, which is organized in 
domains, leads to an increase of the overall membrane stability by a factor of three. We used 
reconstituted planar lipid bilayers composed of TDM and phospholipids to perform electro-
physiological experiments for determining the membrane permeabilizing activity of different HDPs. 
Atomic force microscopy was used to characterize the surface topography of reconstituted 
membranes and mycobacteria. SAXS, XRR, and GISAXS experiments were performed to analyse the 
molecular organization of the membranes. The biophysical results were compared with results from 
killing assays. Interestingly LL32, which is the highly active fragment of human cathelicidin, induced 
dramatic changes in the membrane morphology without inducing a significant permeabilization. 
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Tuberculosis (TB) remains one of the most deadly infectious diseases in humans and the global 
resurgence of TB has intensified research efforts to develop new therapeutic approaches, including 
host directed therapies (HDT).  
Mycobacterium tuberculosis (Mtb) has developed different strategies to survive inside its host cell by 
manipulating cell-signaling, including cell death pathways. HDTs could be used to interfere with these 
pathways to shorten the treatment period, to reduce tissue damage and to lower the risk of relapsing 
disease. Corticosteroids as HDT in combination with antibiotic treatment have been shown to reduce 
mortality in all forms of TB. However, the underlying mechanism of action is poorly understood. We 
have generated data showing that corticosteroids are highly effective in preventing Mtb-induced 
cytotoxicity in several cell types. An intriguing finding since corticosteroids are the only approved HDT 
for TB. We were now able to link the protective effect of corticosteroids to the activation of MAPK 
phosphatase-1 (MKP-1). MKP-1 is essential for protection from hyperinflammation as well as tissue 
damage in autoimmune diseases by inactivating the stress responsive mitogen-activated protein 
kinases (MAPK). We show that the infection of MRC-5 lung fibroblasts and J774.2 macrophages with 
TB leads to phosphorylation of p38 but not of JNK or ERK. Pretreatment with dexamethasone 
abrogates Mtb-induced p38 MAPK phosphorylation. A cytoprotective effect was also seen after 
treatment with the p38 MAPK inhibitor doramapimod, a substance which is currently being tested in 
clinical trials against autoimmune diseases. This clearly links p38 MAPK phosphorylation to the 
cytotoxic effect mycobacteria exert on their host cells. Despite the well-known involvement of MAPKs 
in apoptosis, we show that the pan caspase inhibitor Z-VAD-FMK is not able to reduce Mtb-dependent 
host cell death. Therefore, we explored the role of necrosis effector proteins downstream of p38 
MAPK, such as release of chromatin protein high mobility group box 1 (HMGB-1). This pro-
inflammatory protein can be detected in large amounts in body fluids of TB-infected patients. We show 
that this increased release of HMGB1 can be significantly reduced by pretreatment with 
dexamethasone and the p38 MAPK inhibitor doramapimod in vitro. To determine the type of necrosis 
induced by Mtb, necrostatin-1 or necrostatin-5, selective inhibitors of necroptosis, were added to Mtb 
infected cells. However, necrostatin had no protective effect leading to the assumption that Mtb 
induces a receptor-interacting serine/threonine-protein kinase 1 (RIPK1)-independent form of 
necrosis.  
Our data suggest that HMGB1 can act as a quantitative marker for necrosis in TB and that p38 MAPK 
inhibitors are potential substitutes for corticosteroids as HDT in TB. 
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Tuberculosis (TB) is the prime bacterial infectious disease in humans worldwide and caused by 
members of the Mycobacterium tuberculosis (M. tuberculosis) complex. Active TB patients develop 
lung granulomas associated with exacerbated pathology ultimately facilitating mycobacterial aerosol 
transmission. Despite successful cure following standard antibiotic therapy, a significant number of 
patients fail to regain sufficient lung function and suffer from long-term sequelae.  
  
We hypothesize I) that lung-sequelae are associated with exacerbated inflammation and tissue 
destruction prior to initiation of treatment, and II) that neutrophil granulocytes play an important role in 
disease exacerbation, as they represent the predominant phagocyte population in active pulmonary 
TB (Eum et al. 2010). To investigate the underlying pathways leading to TB exacerbation, we use 
protein-biochemistry, flow cytometry, multiplex, and microscopy to analyze sputum samples from 
active TB patients before, during and after treatment. Previous studies revealed a decrease of matrix 
metalloproteinases (MMP1-3 & 8-9) in sputum during anti-TB drug treatment (Ugarte-Gil et al. 2013). 
Furthermore, sputum of active TB patients showed a decrease of cytokines such as interferon (IFN)-γ, 
interleukin (IL)-1ra, IL-10, IL-13 and granulocyte colony stimulating factor (G-CSF) compared to 
patients with other respiratory diseases (Ota et al. 2014). These data indicate that sputum represents 
a promising sample material, which originates from the site of infection and therefore carries factors 
generated during the neutrophil driven inflammatory process. These factors are putative signatures for 
point-of-care (POC) diagnostic during treatment, for predicting the risk of disease exacerbation and 
long-term sequelae as well as, ultimately, targets for host-directed therapy (HDT) to support antibiotic 
treatment and to limit immunopathology.  
  
Initial sputum analyses indicate correlation of neutrophil associated proteins with neutrophil cell 
counts. Mass spectrometry based proteomics of M. tuberculosis infected and non-infected human 
neutrophils revealed several protein candidates as potential signatures and HDT targets. These 
candidates are currently evaluated as markers in sputum from TB patients before, during and after 
treatment.  
  
Ultimately, we will establish neutrophil-based signatures in sputum, which can indicate disease state 
and treatment efficacy as well as early detection of exacerbated pathology to initiate neutrophil 
specific HDT. Our goal is to develop a “low tech” field ready POC diagnostic method to support 
monitor drug treatment. 
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Numerical chest X-ray score can be used as a predictive factor in treatment of 
tuberculosis 
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Background: Baseline characteristics of tuberculosis patients are associated with treatment outcome 
and could be included in a personalized treatment approach. One of the known prognostic factors is 
baseline bacterial load of Mycobacterium tuberculosis. Within the PanACEA-MAMS-TB-01 treatment 
trial, which assessed four different experimental treatment regimens in 365 patients in seven sites in 
Sub-Sahara Africa, the correlation between a simple, numerical chest radiography (CXR) score, which 
graded the severity of the tuberculosis and the presence of pulmonary cavitations, and baseline 
covariates and treatment response was analysed.  
  
Methods: Adults diagnosed with sputum smear-positive pulmonary TB from Tanzania and South Africa 
were included in this study, and X-rays were stored digitally. 233 baseline CXR-reports were analyzed. 
Standard full size posteroanterior CXR were performed at the time of TB diagnosis, and an 
experienced physician determined the CXR-scores. The CXR-score entailed a sum of two 
components, where the presence of pulmonary cavitation weighed 40 and the total affected lung area 
(in % from 0-100) were reported, as per the radiological score published by Ralph et al (2010).  
Mean baseline bacterial load was quantified using log time to positivity (TTP) in the MGIT culture 
system.  
  
Results: 233 patients were analyzed in total. 66% of patients had a minimum of 1 cavity at baseline. 
The mean CXR score of all patients was 40/140. We found a significant positive correlation (P= 
0.0021, spearman rho -0.2004) between baseline bacterial load and the CXR score. Interestingly, 
patients with higher X-ray scores tended to have lower anti-TB drug concentrations expressed by area 
under the curve, which was significant for pyrazinamide (p = 0.005) and for rifampicin (p = 0.044).  
However, when X-ray score was included in the primary outcome analysis of the study, there was no 
significant correlation between score and time to sputum culture conversion.  
  
Conclusion: This explorative study shows a significant, although weak relation between the baseline 
bacterial load of MTB and a standardized chest X-ray score, but no significant correlation to patient’s 
outcome. Interestingly, degree of abnormality of X-ray corresponded to lower drug levels; which is in 
line with the assumption that sicker patients achieve suboptimal drug exposure.  
This retrospective analysis, however, requires to be confirmed in a prospective study; and could have 
prognostic implications for tuberculosis patients since low drug levels are associated with acquired 
drug resistance and treatment failure. 
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The virulence of Plasmodium falciparum (Pf) has been linked to the variant surface antigen PfEMP1 
(Pf erythrocyte membrane protein 1), which is encoded by 60 var genes per parasite genome. The 
rate and mechanism at which parasites switch PfEMP1 expression to undergo antigenic variation is of 
tremendous interest and controlled human malaria infections (CHMI) by injection of aseptic, purified, 
cryopreserved Pf sporozoites (Sanaria® PfSPZ Challenge) of one well-characterized strain provide a 
unique opportunity to further determine var gene expression patterns in vivo. We analyzed expression 
of the entire var gene repertoire in ex vivo parasites sampled either from malaria-naïve infected 
volunteers or from infected volunteers with a lifelong history of exposure to malaria. CHMI with lifelong 
malaria-exposed Gabonese adults was conducted in Lambaréné, a region with perennial transmission 
of malaria and semi-immunity against severe malaria in adults. Furthermore, the antibody recognition 
of PfEMP1 domains responsible for particular binding phenotypes of infected erythrocytes associated 
with severe or mild infections was assessed before and during infection.  
The results indicate a remarkably conserved, uniform expression pattern on both the var gene group 
as well as single gene level in parasite samples from malaria-naïve volunteers. Although the parasite 
population in each volunteer expresses all or most var gene variants at the onset of blood stage 
infection, transcription was predominantly from the subtelomeric located var gene groups A and, 
particularly, B (Bachmann et al., 2016). In contrast, lifelong malaria-exposed volunteers show reduced 
parasite multiplication and can be categorized into ‘non-controllers’ and ‘controllers’ based on pre-
existing PfEMP1-specific antibody levels, parasite growth and var gene expression patterns. Parasites 
from ‘non-controllers’ with low antibody levels show an exponential parasite growth and a broad var 
gene expression pattern of mostly B-type var genes. In ‘controllers’ higher antibody levels are 
associated with a suppressed parasite replication rate and parasites from these volunteers express 
only one or very few B or B/C-type var gene variants on a population level. In general, expression of 
A-type var genes is drastically reduced in parasites recovered from infected volunteers with prior 
exposure to malaria compared to malaria-naïve volunteers.  
These data indicate that Pf parasites express a broad repertoire of subtelomeric var genes at the 
onset of blood stage infection, which in naive hosts enable it to efficiently explore the available host 
cell receptor landscape for sequestration. However, in semi-immune individuals the pre-existing 
immunity limits the survival of parasites to the subpopulations, which express non-recognized PfEMP1 
variants. 
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For a successful treatment of tuberculosis (TB) patients, antibiotics have to breach the complex 
structures of centrally necrotizing granulomas and permeate the fibrous cuff to reach their bacterial 
targets in the necrotic center. Since the intralesional environment influences drug penetration and drug 
responsiveness of metabolically distinct bacterial subpopulations, preclinical animal models that reflect 
the pulmonary pathology observed during human disease are an essential component of TB drug 
development programs. However, Mycobacterial tuberculosis (Mtb) infection of ordinary mice does not 
result in a human-like pathology so that the standard mouse model is currently challenged and 
alternative preclinical models are required. Mtb-infected interleukin-13 overexpressing mice (IL13tg) 
develop centrally necrotizing granulomas that are surrounded by foamy macrophages and demarcated 
by a fibrous capsule. Since these mice greatly reflect the pathology of human post-primary TB they 
are a promising tool for the evaluation of novel anti TB drugs and regimens. One of these novel 
therapeutics is BTZ043 which belongs to the class of benzothiazinones. By targeting the catalytic 
component of the essential enzyme decaprenylphosphoryl-β-D-ribofuranose-2'-epimerase, BTZ043 
blocks the biosynthesis of arabinans which are vital components of mycobacterial cell walls. In vitro 
BTZ043 has a nanomolar bactericidal activity and is active against MDR-clinical isolates. To 
investigate the efficacy of BTZ043 in depth in vivo we applied two different mouse models of chronic 
tuberculosis infection. The maximal achievable microbiological effect of BTZ043 was determined by 
using the standard laboratory BALB/c mouse strain and its anti-mycobacterial effect was investigated 
in BALB/c mice as well as in IL13tg mice. A BTZ043 dose escalation study was conducted in Mtb 
infected BALB/c mice by treating mice with different dosages of BTZ043 (50 mg/kg, 100 mg/kg, 250 
mg/kg, 500 mg/kg and 1000 mg/kg) and INH (25mg/kg) and vehicle as controls for 4, 6 or 8 weeks. 
Already 4 weeks of therapy with BTZ043 reduced the bacterial burden in the lungs significantly 
compared to untreated mice. Moreover after 6 and 8 weeks of therapy, the three highest BTZ043 
dosages showed superior activity to INH. In order to study the effect under more physiological human-
like conditions IL-13tg mice were treated either with BTZ043 monotherapy or a combination of 
pyrazinamide, clofazimine and rifampicin at the time-point when centrally necrotizing granulomas 
developed. Interestingly only 10 days of therapy reduced the bacterial burden in the lungs by 0,7 or 
1,5 log10, respectively. Together, our results so far emphasize the anti-mycobacterial potency of 
BTZ043 and moreover indicate that BTZ043 is able to penetrate into granulomas. The localization of 
BTZ043 and other anti TB drugs within centrally necrotizing granulomas of Mtb-infected IL-13tg mice 
is currently investigated by 2D mass spectrometry imaging. 
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The intestinal infection of humans with the protozoan parasite Entamoeba histolytica (E. histolytica) 
can lead to amebic colitis and a severe destruction of the liver, the amebic liver abscess (ALA). 
Investigation of immunological mechanisms during development and regeneration of ALA was 
enabled by an immunocompetent mouse model recently established in our group that shows 
comparable pathology as observed in human ALA.  
The IL-23/IL-17 axis plays a pivotal role in host protection against various pathogens but also in 
autoimmunity, in which infection-induced pathological changes can occur as an adverse side effect 
after the activation of this pro-inflammatory axis. We previously showed that the immunopathology 
mediated by the CCL2-dependent recruitment of Ly6Chi monocytes and TNF production underlie the 
ALA. Here, we analyzed the contribution of the IL-23/IL-17 axis to the development of hepatic 
amebiasis and the role of IL-13 in the subsequent recovery from parasite-induced liver damage.  
IL-23p19-/-, IL-17A/F-/-, CCR2-/- and WT mice were intrahepatically infected with E. histolytica 
trophozoites and the disease onset and recovery were analyzed by magnetic resonance imaging 
(MRI). The accumulation of liver-specific genes and expression of proteins during infection was 
examined by qPCR, microarray, FACS analysis and immunohistochemistry. Immune depletion and 
substitution experiments were performed in IL-23p19-/- and WT mice to investigate the role of IL-13 in 
recovery from liver destruction.  
The liver damage in infected IL-23p19-/-, IL-17A/F-/-, CCR2-/- mice was strongly attenuated compared 
with that in WT mice. IL-23p19-/- mice showed a reduced accumulation of IL-17 and CCL2 genes and 
proteins. Additionally, increased numbers of IL-13-producing CD11b+Ly6Clo monocytes as well as 
F4/80+ and Arg1+ cells were associated with the disease attenuation in IL-23p19-/- mice. The immune 
depletion of IL-13 in IL-23p19-/- mice reversed this attenuation and the treatment of infected WT mice 
with an IL-13/anti-IL-13-mAb complex supported liver recovery.  
In conclusion, the IL-23/IL-17 axis plays a critical role in the immunopathology of hepatic amebiasis. 
IL-13 secreted by CD11b+Ly6Clo monocytes and the accumulation of Arg1 producing cells may be 
associated with the recovery from liver damage. An IL-13/anti-IL-13-mAb complex mimics this 
function, suggesting a novel therapeutic option to support tissue healing after liver damage. 
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Malaria is a major public health problem and a leading cause of death and disease in many tropical 
and subtropical regions of the world. The alarming spread of resistance to first- as well as second- and 
third-line antimalarials accentuates the need for better biochemical and physiological understanding of 
the interaction of malaria parasites with these drugs, which could contribute to the development of 
novel therapeutic strategies that either inhibit or circumvent resistance mechanisms.  
  
The quinoline-containing antimalarial chloroquine (CQ) has been in large-scale use for decades; 
however, its mechanism of action is still unclear. The goal of this study was to test whether CQ acts by 
raising the pH of the digestive vacuole (DV) of Plasmodium falciparum and whether CQ-resistant 
parasites can circumvent this pHDV alteration. A pHDV of about 5.2 is important for the functions of the 
DV, including hemoglobin degradation and heme detoxification [1]. Resting pH values in this 
compartment have been measured by several investigators, but conflicting results were obtained due 
to the use of different methods. These studies estimated pHDV in populations of cells and often used 
fluorochromes that were loaded onto the cells and may have led to artifacts. This is the first study to 
accurately measure the pH response to antimalarial drugs in individual live cells that endogenously 
express pHluorin, a pH-sensitive GFP version [2], and to link pHDV alterations to effects on parasite 
viability. Quantitative pH determinations were carried out using confocal fluorescence microscopy of 
parasite-infected erythrocytes.  

 
Quantitative intracellular pH determinations using pHluorin 
 
 
Interestingly, pHDV increased by about 0.5 – 0.6 pH units upon exposure to the quinoline-containing 
drugs CQ, mefloquine and quinine at physiological concentrations of 100 nM in both CQ-resistant as 
well as CQ-sensitive parasites. Bafilomycin A1, a specific inhibitor of the V-ATPase that maintains the 
transvacuolar pH gradient, had a similar effect at 100 nM. In contrast, concanamycin A, another 
specific V-ATPase inhibitor, completely abolished the pH gradient across the DV membrane at 100 
nM, leading to a pH of 6.5 in both the DV and the cytosol.  
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pH homeostasis in Plasmodium falciparum 
 
When examining parasite morphology, signs of cell damage or death were evident after 6 h of 
exposure to CQ, bafilomycin A1 or concanamycin A. No alteration was visible after 2 h of exposure, 
indicating that the cells remained viable in this time frame despite the disruption of intracellular pH 
homeostasis.  
  
In conclusion, an increase in pHDV by up to 1.3 pH units can be tolerated by the parasite for at least 2 
hours. Since CQ-resistant parasites do not prevent the pHDV rise by 0.5 pH units in response to CQ, 
the drug probably does not act via alkalinization of the DV lumen. 
 
References: 
[1] Wunderlich, P. Rohrbach and J. P. Dalton, (2012), The malaria digestive vacuole, Frontiers in Bioscience 4S(4), 1424-1448 
[2] G. Miesenböck, D. A. De Angelis and J. E. Rothman, (1998), Visualizing secretion and synaptic transmission with pH-
sensitive green fluorescent proteins, Nature 394(6689), 192-195 
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molecules involved in the interaction with various human endothelial receptors 
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Malaria is still one of the main infectious diseases as 50% of the global population is at risk of 
infection. The intracellular parasite Plasmodium falciparum causes malaria tropica, the most severe 
form of malaria. Blockage of vascular system leads to organ failure, coma and death; mostly in 
children under the age of five. P. falciparum infected erythrocytes (IEs) are able to evade the immune 
system and clearance by the spleen due to their adhesion to vascular endothelial receptors and their 
ability to sequester in blood vessels of vital organs within its human host. Every single parasite has a 
unique variety of 60 different var-genes, coding for P. falciparum erythrocyte membrane protein 1 
(PfEMP1). Due to mutual exclusivity, only one variant of the highly polymorphic PfEMP1 is expressed 
at a time and localized on the membrane of trophozoite- and schizont-phase parasitized erythrocytes. 
Specific domains within PfEMP1 are described to act as key factors of sequestration.  
By now, 23 human receptors are described binding IEs but only for 7 PfEMP1 is identified as the 
corresponding parasite ligand, while only 4 (CD36, ICAM-1, CSA and EPCR) have been studied in 
detail.  
  
Our investigations focus on several P. falciparum culture- and field isolates to determine putative 
PfEMP1 binding characteristics.  
  
i) Static binding assays were carried out to define initial PfEMP1 binding characteristics towards 
heterologous expressed human endothelial receptors by use of transgenic self-engineered CHO cells.  
ii) The transcriptome profiles of IEs, enriched for specific binding towards selected human endothelial 
receptors were analyzed regarding differential gene expression by next generation sequencing.  
iii) Quantitative and comparative transmission electron microscopy analysis provides an overview of 
the morphology, appearance and versatility of the distinct development stages of different P. 
falciparum isolates from ex vivo conditions until long-term cultivation.  
  
So far, 2 and 8 PfEMP1 coding var-genes were identified to be differentially expressed by binding to 
the human endothelial receptors P-selectin (IT4_var02/07) and CD9 
(IT4_var02/07/09/13/17/41/44/64), respectively.1  
The comprehensive genetic and phenotypic characterization of IEs populations enriched for the 
binding to specific endothelial receptors will expand our understanding of P. falciparum adhesive 
interaction. Furthermore, this can reveal more details about the exact mechanisms underlying malaria 
and finally may lead to development of interventions to reverse adhesion of the parasite.  
  
This work is supported by Joachim Herz Stiftung and PIER.  
  
1 Metwally NG*, Tilly AK*, Lubiana P, Roth LK, Dörpinghaus M, Lorenzen S, Schuldt K, Witt S, 
Bachmann A, Tidow H, Gutsmann T, Burmester T, Roeder T, TannichE, Bruchhaus I, (2017), 
*contributed equally, Characterisation of Plasmodium falciparum populations selected on the human 
endothelial receptors P-selectin, E-selectin, CD9 and CD151. Sci Rep, accepted. 
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According to the WHO ‘world malaria report 2015’ approximately 214 million cases of malaria occurred 
worldwide. A malaria disease is caused by an infection of the protozoan parasite Plasmodium. There 
are 5 Plasmodium species known to infect humans, whereas P. falciparum is responsible for almost all 
cases of death.  
To evade the host immune system the parasite invades erythrocytes. Inside the erythrocytes, the 
parasite is in danger to get detected and destroyed by the immune system in the spleen. Therefore, P. 
falciparum developed a unique mechanism to evade the elimination in the spleen. Infected 
erythrocytes (IEs) can adhere to endothelial cells; this is called sequestration or cytoadherence. The 
sequestration is mediated by a parasitic protein family called Plasmodium falciparum erythrocyte 
membrane protein 1 (PfEMP1). Depending on the location of the binding, cytoadherence can have 
severe consequences for the human host. In microvessels IEs can block the bloodstream and lead to 
hypoxia, and thus to tissue damage and organ failure. If IEs bind to endothelial cells in the brain, 
cerebral malaria (CM) occurs. Nevertheless, sequestration is necessary but not sufficient to explain 
the severe outcome. The binding of IEs to endothelia cells also induced inflammatory response and 
endothelial dysfunction, which contributes the severity of a CM.  
In this study, we want to focus on the pathogenic mechanisms leading to CM. The transcriptional 
changes of human brain endothelial cells (HBECs) as well as parasites due to interaction of both 
interaction partners are the center of our interest. By performing next generation sequencing, we want 
to complete the knowledge about the transcriptional changes that occur as a result of IE adhesion 
and/or exposition of blood plasma of P. falciparum-infected patients. In this context, it seems highly 
probable that HBECs can respond to IE adhesion with secretion of different soluble chemokine and 
cytokines. Therefore, simultaneously to the transcriptome approach, the cytokine and chemokine 
profile of HBECs exposed to patient plasma and/or IEs should be determined using BioLegend 
LEGENDplex bead-based immunoassay.  
The results of our study will significantly advance our understanding of the transcriptional changes that 
endothelial cells undergo due to a P. falciparum infection. We will generate data of the whole 
transcriptome of HBECs in response to IE sequestration, which will give us new insights of pathogenic 
factors of P. falciparum. Moreover, by including soluble cytokines and chemokines as pathogenic 
factor of a CM, we are getting closer to the pathogenic conditions within an infected human body.  
  
This work was supported by the Jürgen Manchot Stiftung. 
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Background: Emerging multidrug resistance (MDR) of Mycobacterium tuberculosis is a major 
challenge for the global control of tuberculosis (TB). According to WHO’s 2016 guidelines, MDR-TB 
therapy employs a 20-month regimen of 4 to 5 out of 24 antitubercular antibiotics. Many of these 
antibiotics are not only expensive but have a narrow therapeutic window: Too high drug 
concentrations in plasma result in adverse drug events, especially in lengthy regimens. These adverse 
events often necessitate interruption or alteration of the therapy, challenging relapse-free cure. Too 
low drug concentrations have been shown to cause therapy failure and additional drug resistance. 
Therefore, adjustment of the administered drug dosages according to the plasma drug concentration 
by Therapeutic Drug Monitoring (TDM) will help to avoid adverse events, predict treatment outcome, 
and prevent acquired drug resistance. Liquid Chromatography-Mass Spectrometry technology using a 
single instrument/single run concept is a promising method for a multi-analyte assay in M/XDR-TB 
TDM.  
  
Method: The 21 assayed anti-tuberculosis drugs comprise: Rifampicin, Rifabutin, Isoniazid, 
Pyrazinamide, Ethambutol, Levofloxacin, Moxifloxacin, Amikacin, Capreomycin, Kanamycin, 
Prothionamide, Cycloserine, Terizidone, Linezolid, Clofazimine, Bedaquiline, Delamanid, PAS, 
Meropenem, Amoxicillin, and Clavulanate. Analyses were performed by High Performance Liquid 
Chromatography (HPLC) (Waters Acquity UPLC) interfaced with an ESI Triple Quadrupole Mass 
Spectrometer (MS) (Waters Micromass Quattro Premier XE Mass Spectrometer). The HPLC was 
featuring a Merck Milipore SeQuant ZIC-HILIC column (2.1x100mm, 5µm, 200 Å) for separation. The 
entire run time was 25 minutes. The MS was operated in positive ion mode except for Clavulanate 
detection.  
  
Results: All 21 target substances could be detected in a single-run measurement using polarity switch 
for clavulanate analysis. The observed decrease in separation of the non-polar substances with HILIC 
column was overcome by the MRM-based approach providing structural specificity for the analytes. 
Calibration curves were formed by dilution series of twelve most frequently used antibiotics in 
extracted standardised plasma (Amoxicillin, Bedaquiline, Capreomycin, Clofazimine, Ethambutol, 
Linezolid, Meropenem, Moxifloxacin, PAS, Prothionamide, Pyrazinamide, Terizidone). Lower limits of 
quantification were in the order of magnitude of previously defined target values for ten out of twelve 
analysed substances. The carry over of the antibiotics were lower than 5% in subsequent runs, except 
for Clofazimine and Delamanid.  
  
Conclusion: Preclinical quantitative detection of all second-line anti-TB drugs with a single 
instrument/single run methodology has been successfully established. Application of this method on 
clinical specimen will be the next step for the implementation of TDM to improve the management for 
patients with M/XDR-TB. 
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Background: Revealing transmission of Mycobacterium tuberculosis complex (MTBC) strains is crucial 
to guide efficient tuberculosis (TB) control strategies. To support the local health authorities in the 
contact tracing processes and get an in-depth understanding of TB transmission dynamics in a 
metropolitan setting, we conducted a longitudinal molecular epidemiological study in Hannover, 
Germany.  
Methods: MTBC strains of patients living in the Hannover region were collected from 2009 to 2017. 
After DNA extraction, molecular genotyping (24-loci MIRU-VNTR, spacer oligonucleotide typing, and 
genome sequencing) was performed. Phylogenetic lineage classification and clustering was reported 
to the local health authorities.  
Results: 406 patients were diagnosed with TB and included in the study. DNA of 286/406 MTBC 
strains (70 %) was further analyzed and comprehensive molecular genotyping data of 278/406 strains 
(68 %) could be obtained. The strains were classified into five MTBC lineages and M. bovis. 207/278 
strains were assigned to lineage 4 (74 %), 32/278 strains to lineage 3 (12 %), 22/278 strains to lineage 
2 (8 %), 8/278 strains to lineage 1 (3 %) and 3/278 strains to M. africanum lineage 6 (1 %). 6/278 
patients (2 %) were infected with M. bovis strains. The strains of lineage 4 could be further classified 
into six sub lineages. Drug susceptibility testing revealed two patients being infected with MDR TB 
strains, one classified as lineage 3 and one lineage 4.  
The cluster analysis showed that 77/278 patients (28 %) are grouped into 29 clusters ranging in size 
from two to eight patients. The largest cluster was caused by a lineage 4 strain; 4/8 patients were 
identified in 2012, 1/8 in 2013, 2/8 in 2014 and 1/8 in 2016. Additionally, two clusters each comprising 
five patients were identified. The strains of those clusters belonged to lineage 3 and 4. In the 
remaining 26 clusters, less than 3 patients were grouped. No transmission of MDR TB strains was 
observed.  
Conclusion: TB in the Hannover region is caused by strains belonging to five of the seven known 
MTBC lineages as well as by M. bovis strains. The majority of patients are infected with strains of the 
Euro American Superlineage, lineage 4. Strains of this lineage 4 were grouped into the largest cluster 
including eight patients over a timeframe of five years. In addition, one cluster of five patients infected 
with strains of the lineage 3, originating in India and Central Asia was identified. Currently, whole 
genome sequencing is conducted to improve the resolution of molecular epidemiology and provide 
more detailed information to the health authorities. 
 



Symposium VI: Drug Resistance and Control of Tuberculosis and Parasitic Infections 
 

 223 

 

P 155 
 

A five years molecular epidemiological study of tuberculosis in Lambaréné, Gabon - 
Investigation of outbreak strains 

 
P. Beckert1, 2, E. Bruske3, 4, S. Bélard3, 5, 6, 7, A.N. Traoré5, 8, D.U. Kombila5, H. Lay9, J. Frick9, S. 
Janssen5, 6, 10, T.A. Kohl1, 2, B. Lell3, 4, 5, P.G. Kremsner3, 4, 5, M. Frank3, 4, A.S. Alabi5, M.P. Grobusch3, 4, 

6, 10, S. Niemann1, 2 

1Molecular and Experimental Mycobacteriology, Research Center Borstel, Borstel, Germany, 2German 
Center for Infection Research, Partner Site Hamburg-Lübeck-Borstel, Borstel, Germany, 3Institute of 
Tropical Medicine, University of Tuebingen, Tuebingen, Germany, 4German Center for Infection 
Research, Partner Site Tuebingen, Tuebingen, Germany, 5Centre de Recherches Médicales de 
Lambaréné, Lambaréné, Gabon, 6Center of Tropical Medicine and Travel Medicine, Department of 
Infectious Diseases, Division of Internal Medicine, Academic Medical Center, University of 
Amsterdam, Amsterdam, Netherlands, 7Department of Pediatric Pneumology and Immunology, 
Charité Universitätsmedizin Berlin, Berlin, Germany, 8Microbiology Department, University of Venda, 
Thohoyandou, South Africa, 9Institute of Medical Microbiology and Hygiene, University of Tuebingen, 
Tuebingen, Germany, 10University of Cape Town, Cape Town, South Africa 
 
Background: Tuberculosis (TB) challenges the healthcare systems worldwide. Especially in sub-
Saharan Africa, transmission has a major influence on the TB epidemic. Additionally, the emergence 
of multidrug resistant TB (MDR-TB) increases the difficulties in patient’s treatment and preventing 
further spread of those Mycobacterium tuberculosis complex (MTBC) strains.  
Methods: To investigate the population structure and analyze transmission of MTBC strains in Central 
Africa, sputum samples from presumptive TB patients were collected from 2011 onwards at the Albert 
Schweitzer Hospital in Lambaréné, Gabon. The isolates were sent to the Research Center Borstel, 
Germany, for drug susceptibility testing and classical molecular genotyping (24-loci MIRU-VNTR and 
spacer oligonucleotide typing). In addition strains were analyzed by whole-genome sequencing (WGS) 
(Illumina MiSeq and NextSeq 500).  
Results: 360 MTBC strains collected between 2011 and 2015 were genotyped for this analysis. The 
strains were assigned to five MTBC lineages. 318/360 isolates (88 %) were assigned to lineage 4 
(Euro-American Superlineage) and could be further classified into eight sub-lineages: Cameroon, 
Haarlem, LAM, Gabon H37Rv like, X-type, Uganda I, Ghana and S-type. 29/360 isolates (8 %) were 
classified as M. africanum lineages 5 and 6, 1/360 isolates (0.3 %) as lineage 1 (EAI) and 1/360 
isolates (0.3 %) as lineage 2 (Beijing). 11/360 isolates (3 %) could not be assigned to a previously 
described lineage.  
Drug susceptibility testing of 354 isolates was performed. 295/354 isolates (83 %) were fully 
susceptible, 34/354 isolates (10 %) MDR and 25/354 isolates (7 %) showed any resistance.  
The cluster analysis revealed that 241/360 isolates (67 %) were grouped into 42 clusters ranging in 
sample size from 2 to 31 isolates. The grouping could be confirmed applying WGS. Four clusters with 
more than 20 isolates could be identified. All strains of these four clusters belong to the lineage 4. One 
of the largest four clusters identified, comprises 25/34 MDR TB isolates (74 %). Timing analysis based 
on WGS data indicated transmission of these Haarlem MDR TB outbreak strains in Lambaréné since 
2006.  
Conclusion: The analysis of MTBC strains from Lambaréné, Gabon, revealed a diverse population 
structure causing TB in the region. The TB epidemic is mainly driven by transmission of a variety of 
strains belonging to lineage 4. Alarmingly, 10 % of the isolates in Lambaréné were already MDR and 
74 % of the MDR strains are grouped into one cluster of strains. To break the chain of transmission of 
the MDR Haarlem outbreak strains and prevent further spreading, we established a molecular test 
assay to rapidly identify patients infected with the outbreak strains. 
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Infections with the human malaria parasite Plasmodium falciparum are a great burden on global 
health. Fundamental questions regarding the molecular regulation of virulence and persistence of P. 
falciparum remain unresolved, in particular, as most analyses have been performed with long-term 
cultured laboratory strains. Therefore, we analyzed parasites directly isolated from infected travelers 
returning to Germany. This group of malaria patients constitutes a unique cohort of immunologically 
naïve individuals, whose parasite development, gene expression and antigenic variation is not 
influenced by immune responses due to previous Plasmodia infections. We are particularly interested 
in the variant surface antigen PfEMP1, which enables adherence of P. falciparum infected red blood 
cells to endothelial receptors exposed on blood vessel walls. This allows infected red blood cells to 
avoid passage through the spleen, which would otherwise kill the parasites. However to avoid 
acquired immunity the parasite must sequentially expose diverse PfEMP1 variants on the surface of 
infected erythrocytes.  
According to our hypothesis the expression of PfEMP1-encoding var genes may follow a hierarchical 
pattern resulting in an immune evasion program similar in different P. falciparum isolates. Presumably, 
this expression program is modulated by the human immune system and by selection of parasites with 
particular cytoadherence properties.  
Our study focuses on gene expression analysis of ex vivo parasites isolated from immunologically 
naïve individuals as wells as of their consecutive parasite generations cultured in vitro via quantitative 
RNA sequencing. Our aim is to elucidate, if sequences coding for particular PfEMP1 domains with 
defined receptor binding properties are enriched in non-immune malaria patients and to determine the 
switching frequency of different PfEMP1 variants exposed on the surface of infected erythrocytes, 
which will be validated selectively at protein level.  
First results indicate that isolates from patients diagnosed with either severe or mild malaria differs in 
their expression of PfEMP1 groups, conserved domain cassettes and subdomains and that gene 
expression varies substantially between parasites analyzed ex vivo and those that have been adapted 
to in vitro-cultivation. 
 



Symposium VI: Drug Resistance and Control of Tuberculosis and Parasitic Infections 
 

 225 

 

P 157 
 

Development of a high resolution MALDI imaging method for the characterization of 
Mycobacterium tuberculosis (Mtb) pathology 

 
J. Kokesch-Himmelreich1, A. Fatangare1, K. Walter2, J. Dreisbach3, N. Heinrich3, M. Hölscher3, C. 
Hölscher2, A. Römpp1 

1Chair of Bioanalytical Sciences and Food Analysis, University of Bayreuth, Kulmbach, Germany, 
2Infection immunology, Research Center Borstel, Borstel, Germany, 3Department of Infectious 
Disease & Tropical Medicine, Medical Centre of the University of Munich, München, Germany 
 
Mass spectrometry (MS) is an analytical technique capable of analyzing intact molecules from an 
unlabeled sample of interest. Common analytes detected from tissue samples are lipids, proteins, 
drug compounds, and metabolites. Mass spectrometry imaging (MSI) is an extension of this where 
mass spectra are acquired at sequential spatial locations allowing the spatial mapping of analytes of 
interest. One of the most common MSI techniques is Matrix-Assisted-Laser-Desorption/Ionization-
Mass Spectrometry Imaging (MALDI-MSI). For this method, a matrix is applied onto the sample and a 
pulsed UV-LASER beam is used for desorption and ionization of the molecules. Due to this soft 
ionization process it is possible to detect intact biomolecules. Furthermore, it is possible to visualize 
the distribution of these biomolecules, as well as multiple drug compounds and their metabolites, 
simultaneously. The distribution of such analytes can provide critical information. For example, the 
change in lipid composition and spatial distribution is associated with several diseases.  
  
In this study we evaluate a high resolution 2D MALDI MSI method for the characterization of 
Mycobacterium tuberculosis (Mtb) pathology in mouse lungs with a spatial resolution close to the 
cellular level. This method is being specifically developed for a novel mouse model that closely 
resembles the pathology of centrally necrotizing granulomas in human TB patients (interleukin (IL)-13-
overexpressing (tg) mice). The two major goals of this study are acquiring characteristic phospholipid 
profiles for Mtb and different lung tissue types by MS imaging and mapping the distribution of TB 
drugs in lung tissue.  
  
Mass Spectrometric Imaging experiments were carried out on an Q-Exactive™ HF Hybrid-
Quadrupole-Orbitrap mass spectrometer (Thermo Fisher Scientific, Bremen), which is coupled to the 
AP-SMALDI10 ion source (TransMIT GmbH, Gießen). With this instrumental set up mass spectra with 
high mass accuracy (<2ppm) and high mass resolution (240,000) were acquired. Measurements in 
positive and negative ion mode in the mass range of m/z 600-1400 provide information about various 
types of lipids.  
  
Sample preparation was optimized for several TB drugs and lung sections, including matrix application 
and cryosectioning. For mass spectrometry imaging, cryosectioning without any embedding material is 
the sample preparation of choice to avoid any interferences in the mass spectra. MS imaging 
measurements of lung sections have been performed at a spatial resolution of 10 µm. These 
experiments showed high spatial details in phospholipid images, which corresponded very well with 
histological features. Phospholipid patterns differed substantially between different tissue regions. The 
rich phospholipid signatures are an ideal basis for the analysis of Mtb infected specimen. 
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The course of a malaria infection can progress into asymptomatic, mild or severe disease depending 
on parasite, host and environmental factors. The most common diagnostic procedures for malaria 
include interpretation of clinical symptoms, blood smear microscopy and rapid diagnostic tests (RDTs). 
Aside from their advantages, a shared limitation of these methods is the inability to recognize 
asymptomatic parasitaemia, which complicates the identification of diagnostically relevant co-
infections. The search for new biomarkers led us to investigate the diagnostic value of autoantibodies, 
which are immunoglobulins directed against self-proteins. Today it is widely accepted that self-
recognition by the immune system is normal and a contingent of natural autoantibodies are produced 
as early as in utero to function as an internal monitoring mechanism of the body. Autoantibodies that 
are associated with pathologic inflammatory processes are responsible for autoimmune diseases, 
such as rheumatoid arthritis or systemic lupus.  
We screened serum samples of children with malaria and healthy controls for their IgG autoantibody 
repertoire to test whether autoantibody profiles in malaria patients could be used as biomarkers for 
diagnostic purposes. Approximately 70 autoantibodies characteristic for each group (i.e. malaria and 
controls) were identified. Qualitative analyses of the autoantibody profiles reveal autoreactivities to 
intra-, as well as extracellular molecules involved in cell signalling, metabolism, inflammation and 
apoptosis. While the array results presented here might reflect a polyclonal B-cell activation, the extent 
of activation could still reflect disease status, as well as reveal non-trivial structures and correlations in 
autoantibody reactivity pattern. 
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Plasmodium parasites, the causative agent of malaria, replicate within hepatocytes and in red blood 
cells. While the proliferation of parasites in the liver is asymptomatic, the invasion, transformation and 
destruction of erythrocytes by parasites is responsible for all clinical symptoms. Within their host cells, 
parasites are surrounded by a parasitophorous vacuole membrane (PVM), which is derived from the 
host cell membrane (HCM) during the process of invasion. After their multiplication in these cells, 
parasites disrupt first the PVM and then the HCM to infect others cells and thereby to propagate the 
infection. How this membranes lysis occurs on a molecular level is only partially understood. We 
previously demonstrated that a parasite phospholipase is involved in rupture of the liver stage PVM 
(Burda et al., PLoS Pathogens 2015). If the parasites - similarly to the liver stage - employ 
phosholipases for membrane rupture during egress from erythrocytes is not known. Therefore we 
initiate their functional charaterization and localized several late stage expressed phospholipases of 
Plasmodium falciparum using an endogenous GFP-tagging approach. We are testing their 
dispensability by targeted-gene disruption and conditional knockout approaches using site-specific 
recombination by a dimerizable version of Cre-recombinase. 
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Plasmodium falciparum parasites rely upon Anopheles mosquitos for transmission. During the dry 
season in Mali, the entomological inoculation rate is near to zero and P. falciparum faces a challenge 
to ensure its survival until the following transmission season. Recent data from our lab indicates that 
the host immune response is minimally affected by the presence of P. falciparum during the dry 
season leading us to hypothesize that the parasite is able to adapt to a vector-free environment. 
Functional and Gene Ontology analysis of P. falciparum differentially expressed genes in silent 
infections during the dry season versus the malaria causing parasite during the transmission season 
suggest that Plasmodium modulates its virulence to allow persistence in the blood during the dry 
season. Indeed, processes such as lipid biosynthesis, metal ion transport, phospholipid biosynthesis 
and cell cycle or chromosome partitioning seem to be affected in dry vs. transmission season P. 
falciparum. Hypothesizing that there is a parasite encoded sensing mechanism to detect the dry and 
the transmission season we cultured P. falciparum laboratory lines in vitro in the presence of plasma 
from the same donor collected during the dry or the transmission season. We determined the 
replication rates and growth times of the P. falciparum 3D7 parasites grown with the different plasmas 
depleted of their immunoglobulins to minimize this confounding variable. Our data will enlighten if P. 
falciparum is able to sense its environment and regulate its replication and growth differently during 
the dry and the transmission seasons. 
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In Mali, Plasmodium falciparum transmission is seasonal with virtually no transmission occurring 
during the six-month dry season. Chronic asymptomatic infections are common within children during 
this time. Although such asymptomatic infections have been suspected to contribute to malaria 
immunity, recent evidence indicates that humoral immunity is not boosted from dry season silent 
infection.  
  
In order to better understand if and how asymptomatic infections contribute to malaria immunity during 
the dry season, we examined three serological markers of inflammation in children with and without P. 
falciparum infection.  
  
Plasma samples were collected from asymptomatic Malian children enrolled in a study at two time 
points: the beginning of the dry season (December) and at the end of the dry season (May). Three 
groups of asymptomatic children were identified at the end of the dry season: (1) children infected with 
P. falciparum as detected by rapid diagnostic testing (RDT), (2) RDT-negative children whose 
undetected P. falciparum infections were detected retrospectively by PCR, and (3) uninfected children 
(RDT/PCR negative). Plasma samples were tested by ELISA for levels of three inflammatory markers: 
C-Reactive protein, Hepcidin, and VWF. In order to further elucidate any contribution to malaria 
immunity, we investigated inflammatory markers response at the beginning and end of the dry season 
in children with and without chronic asymptomatic infection. 
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Einleitung  
Die Leishmaniose ist eine parasitäre Erkrankung hervorgerufen durch obligat intrazelluläre Protozoen 
der Gattung Leishmania. Man unterscheidet eine kutane, eine mukokutane sowie eine viszerale Form, 
welche durch unterschiedliche Erreger hervorgerufen wird. Diese werden alle durch Sandmücken 
übertragen. Das klinische Bild variiert je nach Form von einem Haut- bzw. Schleimhautbefall bis zu 
einer schweren Allgemeinerkrankung. Der Verlauf der Erkrankung hängt von der Immunantwort des 
Trägers ab.  
  
Fallpräsentation  
Ein 36-jähriger HIV+ Patient stellte sich mit rezidivierenden Fieber-Episoden sowie Nachtschweiß und 
gelegentlichen Diarrhöen seit 2 Monaten vor. Vor einem Dreivierteljahr war die Erstdiagnose einer 
HIV-Infektion im Stadium B3 gestellt worden. Laborchemisch zeigte sich eine Panzytopenie sowie ein 
CRP von 6,5 mg/dl. Die Viruslast betrug 72 Kopien/ml, die T-Helferzellzahl lag bei 40/µl. In der 
körperlichen Untersuchung sowie radiologisch war eine Splenomegalie und Lymphadenopathie 
erkennbar, darüber hinaus ergaben sich keine Auffälligkeiten. Im Rahmen der infektiologischen 
Diagnostik konnte mikrobiologisch und virologisch kein Erreger nachgewiesen werden, so dass wir 
zum Ausschluss einer hämatologischen Grunderkrankung eine Knochenmarkspunktion durchführten. 
Es zeigte sich das Bild eines toxischen Knochenmark-Schadens, a.e. auf dem Boden der 
vorbekannten HIV-Infektion. Auf Grund einer persistierenden Symptomatik im Kontrast zu den 
unauffälligen Befunden wiederholten wir die Knochenmarkspunktion und konnten eine Leishmanien-
Infektion nachweisen. Serologisch zeigte sich ein Leishmania-Titer von 1:1280. Wir begannen mit 
einer Therapie mit Amphotericin B (37mg). Darunter kam es zu einer Ausheilung der Infektion.  
  
Schlussfolgerung  
Bei persistierenden Symptomen, welche Ausdruck einer lebensbedrohlichen Erkrankung sein können 
ist es ist es sinnvoll bereits durchgeführte Untersuchungen zu wiederholen. Dies gilt insbesondere, 
wenn sich im Rahmen der durchgeführten Diagnostik keine sinnvolle Erklärung für die Symptome des 
Patienten fanden. Dies gilt insbesondere für immunsupprimierte Patienten. 
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Tuberculosis is a very critical infectious disease that is caused by Mycobacterium Tuberculosis, one of 
the most successful human pathogens. About 1/3 of the total world population is a carrier of 
tuberculosis pathogens. Through the many emerging antibiotic resistance strains of M. tuberculosis, 
so called XDR or MDR strains, particular in case of co-infection with HIV, tuberculosis is one of the 
major threats of the public health worldwide. The pathogen has a remarkable ability to cope with the 
host immune system. About 90% of those infected remain asymptomatic for lifetime due to the 
successful T-cell immune response. Despite of the intensive study on tuberculosis, the underlying 
dynamic interplay between bacteria and host over the course of infection could not be described in 
molecular detail until today.  
  
Extensive research on host-pathogen interaction mechanism has identified a specialized secretion 
system of mycobacteria, named the Type VII (T7SS) or ESX secretion system. It is dedicated to the 
secretion of the well-known T-cell antigens Culture Filtrate Protein 10 kDa (CFP10 , EsxB) and Early 
Secreted Antigen 6 kDa (ESAT6, EsxA). The two proteins belong to the family of WXG100 proteins. It 
has been reported that the ESAT-6/CFP-10 complex plays an important role in the pathogenicity of the 
bacteria. Interestingly, they are the molecular basis of the “tuberculin skin test” (TST) and the newly 
developed interferon- releasing assay (IGRA). Although the precise molecular functions of these two 
secrete proteins are unknown, they have to play an important role due to the fact: There are 11 EsxB- 
and EsxA-like gene pairs are encoded in the M. tuberculosis’ genome and five pairs occur within their 
own ESX secretion system (ESX1–5). We determined the atomic structure of this complex and a 
similar complex of another pathogen, S. agalactiae. Combined with bio-informatics study, we could 
describe the structural nature of the secretion recognition motif of the ESX secretion machinery. 
WXG100 proteins share a common four-alpha helical heterodimeric structure in spite of their low 
sequence conservation. Potentially eleven native i.e cis-loci WXG100 heterodimers can be exploited 
by M. tuberculosis as virulence factors. Using single molecular fluorescence method, we could detect 
the formation of trans-loci WXG100 heterodimers. These results could be cross-validate using 
independent methods, chemical cross-linking and subsequent mass spectrometry analysis. We have 
produced five of the eleven pairs of recombinant WXG100 proteins from M. tuberculosis in huge 
quantities (> 50 mg). Therefore, we are in position to explore lots of interesting experiments, including 
potentially developing diagnostic tools. As outlook, we ask a speculative question, whether the eleven 
pairs of WXG100 can form in total 121 combinatory heterodimers and thereby exhibiting the capacity 
of host immune system modulation during the course of infection. 
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With the detection of the filarial endosymbiont Wolbachia, a new target for the fight against Lymphatic 
Filariasis (LF) and Onchocerciasis was found in the late nineties. Whereas the drugs used for mass 
drug administration (MDA), ivermectin (IVM), albendazole (Alb) and diethylcarbamazine (DEC) are 
mainly microfilaricidal, treatment with doxycycline targeting Wolbachia leads to a long-term sterilizing 
or even macrofilaricidal effect. In several clinical trials (open pilot trials up to placebo-controlled, 
double –blind trials) the effect of doxycycline on Wuchereria bancrofti or Onchocerca volvulus could be 
proven and resulted in the recommendation to use doxycycline 100mg for 4 - 5 weeks for LF, and 
doxycycline 200mg for 4 weeks for the treatment of onchocerciasis.  
However, until now, treatment with doxycycline is not recommended for MDA because of its long 
treatment duration and limited application in pregnant or breastfeeding women as well as in children ≤ 
8 years. Therefore the search for new drugs or drug combinations is still ongoing. New macrofilaricidal 
drugs are in the pre-clinical development such as Corallopyronin A (CorA). A new drug combination 
with Moxifloxacin plus Rifapentine that showed reliable results in the pre clinical in-vivo models will 
soon be tested for efficacy in a phase IIa pilot-trial in patients with onchocerciasis with a treatment 
duration of 7 or 14 days. Another rifampicin administered at higher dose has also shown efficacy in 
short-term (7-14 days) treatment and a trial in onchocerciasis patients is being planned.  
In addition, based on earlier trials showing that doxycycline also leads to improvement of filarial 
lymphedema, another trial will begin in 4/2017 or 1/2018 with the aim to reduce the daily dose for 
lymphedema treatment from 200 to 100 mg.  
With more and more areas reaching their elimination targets or in areas that are co-endemic with Loa 
Loa , “test and treat” strategies become more and more important to find and treat the (remaining) 
positive cases. Since the “test and treat” strategies are not based on MDA but on individual drug 
administration the use of doxycycline can strongly be recommended. 
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Human genetic variant affecting calcium pump expression in red blood cells impedes 
parasite growth and protects from severe malaria 

 
C. Strauss, K. Schuld, T. Thye, G. Ruge, J. Sievertsen, B. Muntau, R. Horstmann, C. Timmann 
Bernhard Nocht Institute for Tropical Medicine, Hamburg, Germany 
 
In a previous genome-wide association study including more than 2.500 affected children in Ghana, 
West Africa, we identified a genetic resistance locus for severe malaria located in the second intron of 
the gene ATP2B4 encoding PMCA4, the major calcium pump of erythrocytes. Applying circular 
chromosome conformation capture (4C-Seq) in a number of cell lines related to malaria pathology, we 
obtained evidence in various erythroleukemic cell lines for a physical interaction between the 
resistance locus and the promoter region of the same gene. Studying the growth of Plasmodium 
falciparum in erythrocytes of Ghanaian blood donors showed significantly decreased proliferation rates 
in erythrocytes from individuals carrying the resistance locus. This suggests that the parasite relies on 
the host’s calcium pump to generate the calcium concentration required for its development and that 
this function is impaired in individuals carrying the resistance locus, thereby protecting from severe 
malaria. 
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Resistenzsituation bei ambulant erworbener unkomplizierter Harnwegsinfektion in 
Deutschland 2015 (SARHA-Studie) 
 
A. Klingeberg1, N. Willrich1, M. Feig1, I. Noll1, K. Oberdorfer2, A. Krenz-Weinreich3, D. Emrich4, E. Zill4, 
W. Kalka-Moll5, T. Eckmanns1 

1Robert Koch-Institut, Berlin, Germany, 2MVZ Labor Dr. Limbach, Heidelberg, Germany, 3LADR GmbH 
MVZ, Plön, Germany, 4Medizinisches Versorgungszentrum Labor 28 GmbH, Berlin, Germany, 5MVZ 
Dr. Stein und Kollegen, Mönchengladbach, Germany 
 
Hintergrund: Behandlungsempfehlungen für die kalkulierte antimikrobielle Therapie ambulant 
erworbener unkomplizierter Harnwegsinfektionen (HWI) basieren u.a. auf Routinedaten aus 
Surveillancesystemen. Da bei unkomplizierten HWI üblicherweise keine mikrobiologische Diagnostik 
empfohlen wird, ist jedoch davon auszugehen, dass die Resistenzraten aus Routinedaten in Bezug 
auf diese nicht repräsentativ sind. Im Rahmen der Studie wurde das Resistenzprofil von Escherichia 
coli (E.coli) gegenüber Trimethoprim (TRP) bei ambulant erworbenen unkomplizierten HWI untersucht 
sowie mit vorhandenen Daten der Antibiotika-Resistenz-Surveillance (ARS) verglichen.  
Methoden: ARS ist ein laborgestütztes System, welches Antibiotikaresistenzdaten von 
Routinetestungen sämtlicher bakterieller Erreger verschiedener Probenmaterialien ohne zusätzliche 
klinische Informationen erfasst. Über vier Labore die an ARS teilnehmen und verschiedene Regionen 
abdecken wurden Allgemeinmediziner und Internisten rekrutiert. Diese schlossen in einer 
prospektiven Studie alle volljährigen Patienten mit Symptomen einer HWI ein. Von jedem Patienten 
wurde eine Urinprobe mikrobiologisch untersucht, zusätzlich wurden vom behandelnden Arzt in einem 
Erhebungsbogen Geschlecht, Alter sowie Faktoren zur Unterscheidung unkomplizierter/ komplizierter 
HWI notiert. Erregeridentifizierung sowie Resistenztestung wurden mit automatisierten Systemen 
durchgeführt. Die Interpretation der Ergebnisse erfolgte nach EUCAST. Die Resistenzdaten von E.coli 
gegenüber TRP wurden für unkomplizierte und komplizierte als auch mit ARS-Daten aller 
allgemeinmedizinischen/ internistischen Arztpraxen, die in den Jahren 2014/2015 Urinproben an ARS 
gesandt hatten, verglichen.  
Ergebnisse: Zwischen Mai 2015 und Februar 2016 wurden von 58 Arztpraxen insgesamt 1309 
Studienteilnehmer rekrutiert. 1287 Teilnehmer konnten in die Studie eingeschlossen werden. 22 
Personen wurden aufgrund nicht vorliegenden Einverständnisses oder fehlender Übereinstimmung 
von Urinprobe und Patientendaten ausgeschlossen. Bei insgesamt 68,1% der Studienteilnehmer war 
eine HWI mit einer Keimzahl von ≥ 10³ KBE/ml nachweisbar. Häufigstes nachweisbares Pathogen war 
E.coli mit 74,5% der positiven Proben. Die Resistenzwerte von E.coli gegenüber TRP lagen bei 
unkomplizierten HWI bei 14,9%, bei komplizierten HWI bei 26,5%. Die Resistenzwerte in den ARS-
Daten lagen 2014-2015 in allen allgemeinmedizinischen/internistischen Praxen, die Urinproben 
eingesandt hatten, bei 24,6%.  
Zusammenfassung: Bei den unkomplizierten HWI im Vergleich mit Routinedaten aus ARS besteht 
eine deutliche Differenz hinsichtlich der Resistenzwerte von E.coli gegenüber TRP. 
Surveillancesysteme stellen keine repräsentative Datengrundlage für Resistenzprofile unkomplizierter 
HWI dar. Dies muss in Empfehlungen für die kalkulierte antimikrobielle Therapie berücksichtigt 
werden. 
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Transient suppression of pro-inflammatory T-cell subsets during experimental 
endotoxemia in healthy men 

 
A. Brinkhoff1, 2, A. Sieberichs1, H. Engler2, S. Dolff3, S. Benson2, J. Korth1, M. Schedlowski2, A. 
Kribben1, B. Wilde1, O. Witzke3 

1University Hospital Essen/ Department of Nephrologie, University Duisburg-Essen, Essen, Germany, 
2University Hospital Essen/ Institute for Medical Psychology and Behavioral Immunobiology, University 
Duisburg-Essen, Essen, Germany, 3University Hospital Essen/ Department of Infectious Diseases, 
University Duisburg-Essen, Essen, Germany 
 
Abstract:  
Objective: Sepsis is a life-threatening organ dysfunction caused by a dysregulated host response to 
infection. There is growing evidence that the initial phase of a systemic inflammation/ sepsis has pro- 
and anti-inflammatory properties, potentially leading to a sustained immunosuppression accompanied 
by risk of fatal secondary infections. T-cells provide pro- and anti-inflammatory functions. Regulatory 
T-cells (Tregs IL-10+) have a pivotal role in immune regulation via limiting pro-inflammatory conditions 
by producing the anti-inflammatory interleukin-10.  
Methods: In a crossover designed placebo-controlled study, 20 healthy male volunteers received an 
intravenous injection of either Lipopolysaccharide (0.8ng/kg body weight) or placebo (saline 0.9%). 
Quantification of CD3+/CD4+/CD8+T-cells and intracellular cytokine profiles were done by flow 
cytometry at baseline and at multiple time points after LPS/placebo injection. Complete blood cell 
counts were obtained with an automated hematology analyzer and cytokines were quantified by 
ELISA.  
Results: Circulating leukocytes were significantly increased 3 hours after LPS injection (p<.001) with 
a significant controversy decrease of CD3+/CD4+/CD8+T-cells (p<.001). Intracellular pro-inflammatory 
T-cell cytokine fraction from T-helper cells (Th) significantly decreased transient after LPS injection 
(IFNγ, IL-2 and IL-17A; p<.001). The frequency of IL-10 producing Tregs was unchanged (p=.21). 
However, the systemic IL-10 level increased significantly after LPS administration (p<.001).  
Conclusion: The circulating pro-inflammatory T-cell compartments diminished transiently after LPS 
injection most likely due to the increase of anti-inflammatory operating IL-10. The IL-10 level sharply 
increased potentially secreted by highly activated Tregs IL-10+. IL-10 may have a pivotal role in 
immunoparalysis in systemic inflammation/sepsis by suppression of the pro-inflammatory T-cell 
response and might cause a higher susceptibility to secondary infection. 
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Einfluss von Diabetes mellitus (Typ 2) auf Inzidenz und Verlauf einer spontan 
bakteriellen Peritonitis bei Patienten mit Leberzirrhose und Aszites 
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(ZIMt), Medizinische Hochschule Hannover, Hannover, Germany, 3Deutsches Zentrum für 
Infektionsforschung (DZIF), Hannover/Braunschweig, Germany, 4Centre for Individualised Infection 
Medicine (CIIM), Hannover, Germany 
 
Hintergrund und Ziele:  
Bakterielle Infektionen sind häufig für die Hospitalisierung von Patienten mit Leberzirrhose 
verantwortlich. Hierbei ist die spontan bakterielle Peritonitis (SBP) die häufigste Infektion und mit 
einem hohen Maß an Morbidität und Mortalität assoziiert. Diabetes Mellitus Typ 2 (DM) ist eine 
häufige Komorbidität bei Patienten mit Leberzirrhose mit einer Prävalenz von bis zu 40%. Trotzdem ist 
der Einfluss von DM auf die Inzidenz und den klinischen Verlauf von SBP ein wenig untersuchtes 
Thema. Das Ziel dieser Studie war es den Einfluss von DM auf Inzidenz und klinischen Verlauf von 
SBP bei Patienten mit Leberzirrhose und Aszites zu untersuchen.  
Patienten und Methoden:  
Insgesamt konnten 625 aufeinanderfolgende Patienten mit Leberzirrhose, Aszites und Parazentese, 
die zwischen 2012 und Juni 2016 stationär an der MHH behandelt wurden, eingeschlossen und weiter 
verfolgt werden (mittleres Follow-up: 201 Tage). Informationen hinsichtlich DM und Inzidenz, bzw. 
klinischem Verlauf der SBP wurden aus den Patientendokumentationen entnommen. 
Überlebenskurven wurden mittels Log-rank Test berechnet.  
Ergebnisse:  
Insgesamt hatten 152 Patienten einen DM (24%). Zum Zeitpunkt der ersten Parazentese (t0) war die 
Inzidenz von SBP zwischen Patienten mit und ohne DM ähnlich (DM: 22% vs. kein DM: 25%; p=0.59). 
Bei Patienten ohne SBP zum Zeitpunkt t0 war DM allerdings mit einem signifikant erhöhtem Risiko 
assoziiert im weiteren 1-Jahres Follow-up eine SBP zu entwickeln (DM: 40% vs. Kein DM: 31%; HR: 
1.46 ,95%CI: 1.01-2.12; p=0.045). Des Weiteren war in der Gruppe ohne SBP an t0 DM mit einer 
nummerische höheren 1-Jahres Mortalität assoziiert (DM: 35% vs. kein DM: 25%; HR: 1.48, 95%CI: 
0.99-2.21; p=0.06).  
In unserer Studie blieb der klinische Verlauf der SBP bei Patienten durch das Vorliegen eines DM 
unverändert. Das Ansprechen auf eine empirische antibiotische Therapie war ähnlich zwischen 
Patienten mit und ohne DM. Auch die Häufigkeit von Gram positiven oder Gram negativen 
Pathogenen in der Asziteskultur war ähnlich in den beiden Gruppen. Insgesamt war bei Patienten mit 
SBP auch die 1-Jahres Mortalität nicht höher, wenn zusätzlich ein DM bestand (DM: 32% vs. kein DM 
38%; p=0.86).  
  
Schlussfolgerungen:  
Patienten mit Leberzirrhose haben ein erhöhtes Risiko im Langzeitverlauf eine SBP zu entwickeln, 
wenn zusätzlich ein DM vorliegt. Eine höhere Anfälligkeit für bakterielle Infektionen (z.B. SBP) könnte 
erklären, dass ein zumindest nummerisch niedrigeres 1-Jahres Überleben bei Patienten mit DM und 
Aszites beobachtet wurde. Bei Patienten mit SBP scheint der klinische Verlauf jedoch nicht durch 
einen DM beeinflusst zu werden. 
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Dosisabhängige Effekte von Protonenpumpeninhibitoren auf den Verlauf einer 
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Einleitung:  
Patienten mit Leberzirrhose sind in hohem Maße von Infektionen bedroht. Die spontan bakterielle 
Peritonitis (SBP) ist dabei die häufigste Infektion.  
Protonenpumpeninhibitoren (PPI) werden vielfach bei Patienten mit Leberzirrhose eingesetzt. Ihr 
Einfluss auf Inzidenz und Verlauf einer SBP ist aktuell umstritten.  
  
Ziele:  
Ziel dieser Studie war es, den Einfluss von PPI sowie deren Dosierung auf Inzidenz und klinischen 
Verlauf einer SBP zu untersuchen.  
  
Methodik:  
Insgesamt konnten 613 aufeinanderfolgende stationäre Patienten mit dekompensierter Leberzirrhose 
und Aszites, die eine Parazentese zwischen 2012 und 2016 an der Medizinischen Hochschule 
Hannover erhielten, in die Analyse eingeschlossen werden. Die Assoziation zwischen der 
Verwendung von PPI und dem Auftreten einer SBP sowie dem klinischen Verlauf wurde retrospektiv 
analysiert.  
  
Ergebnisse:  
506 Patienten (83%) nahmen zum Zeitpunkt der initialen Parazentese einen PPI und hatten hier kein 
erhöhtes Risiko für eine SBP (PPI:24% vs. kein-PPI: 24%, p=0.9). Patienten ohne SBP bei der ersten 
Punktion hatten aber ein nummerisch höheres Risiko im stationären Verlauf noch eine SBP zu 
entwickeln, wenn ein PPI eingenommen wurde (PPI: 24% vs. kein-PPI: 15%, p=0.14).  
Bei 249 (41%) Patienten wurde im stationären Aufenthalt eine SBP diagnostiziert. Hiervon nahmen 
218 (88%) einen PPI. Die 28-Tage Mortalität nach Diagnose einer SBP war bei Patienten mit PPI-
Einnahme signifikant erhöht (PPI: 24% vs. kein-PPI: 0%; p=0.008). Die Mortalität nach SBP Diagnose 
wurde wesentlich durch die PPI-Dosis beeinflusst. Patienten mit einer hohen Dosis (>40mg/d) (39%, 
n=84) hatten eine signifikant höhere 28-Tages Mortalität gegenüber Patienten mit einer Dosis 
≤40mg/d (>40mg/d: 32% vs. ≤40mg/d: 19%; p=0.02). Der dosisabhängige Effekt der PPI auf die 
Mortalität blieb in der multivariaten Analyse signifikant (HR: 1.86, KI: 1.01 - 3.43; p=0.046). Bei 
Patienten mit Aszites ohne SBP wurde keine erhöhte Mortalität unter PPI-Einnahme, auch nicht bei 
hohen PPI-Dosen, beobachtet (>40mg/d: 15% vs. ≤40mg/d: 10%; p=0.21).  
  
Schlussfolgerung: PPI haben nur einen geringen Einfluss auf die SBP Inzidenz. Bei SBP sind 
allerdings insbesondere hohe PPI-Dosen (>40mg/d) mit einem schlechteren klinischen Verlauf 
assoziiert. 
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Background. Chemotherapy-induced neutropenia is a major risk factor for infections in cancer 
patients. Even though evidence to support a germ-free neutropenic diet (ND) is missing, most of the 
oncology departments still maintain ND regimens.While benefits of a ND remain uncertain, restrictions 
of food and rigorous preparation rules may further increase malnutrition rates in cancer patients who 
are already at high risk to develop nutritional and metabolic problems.  
  
Methods. Based on the Cologne Cohort of Neutropenic Patients (CoCoNut) database, we conducted a 
retrospective analysis of hospitalized high-risk cancer patients treated for acute leukemia, recurrence 
of lymphoma, or myelodysplastic syndromes with confirmed neutropenia (neutrophils < 500/mm³). 
Patients undergoing stem-cell transplantation were excluded. Included patients were treated between 
January 2004 and March 2012 at the University Hospital of Cologne (UHC). Since January 1st 2008, 
neutropenic diet was replaced by a standard hospital diet without any categorical restrictions. We 
analysed the epidemiology of foodborne disease during neutropenia before (neutropenic diet group, 
NDG) and after (standard diet group, SDG) the change of diet. Secondary outcomes were the 
incidence of clinical signs of infections, bloodstream infection (BSI), fever, antibiotic treatment, 
diarrhoea, and parenteral nutrition.  
  
Results. A total of 1,363 hospital stays (HS) with neutropenic episodes were included into the analysis, 
447 HS in the NDG and 916 in the SDG. Both groups were well matched by age, height, and weight at 
admission. The median time of hospitalisation was 30 days (IQR 40-21) in the NDG and 23 days (IQR 
35-12) in the SDG (P<0.001). The frequency of acute leukemia was 83.9% in the NDG and 77.8% in 
the SDG (P=0.002). Documented positive HIV status differed between the NDG and SDG (2.4% and 
5.1%, P=0.112). Gastrointestinal infections related to foodborne disease occurred in two cases of the 
NDG and none of the SDG (P=0.158), whereas a BSI due to foodborne pathogens occurred in one 
and four cases of the NDG and SDG (P=0.411). In total 4639 blood cultures were taken, while at least 
one positive result per HS was obtained for 93.8% of the SDG and 76.5% of the NDG (P<0.001)). 
Fever occurred in 70.2% of the HS in the NDG and 58.0% in the SDG (P<0.001). In the NDG and the 
SDG 90.3% and 81.0% (P<0.001) received antibiotic treatment during their HS. Diarrhoea occurred in 
38.7% of the HS in the NDG and 32.9% in the SDG (P=0.59). Parenteral nutrition was administered in 
15.9% in the NDG and 14.9% in the SDG (P=0.677).  
  
Conclusion. We did not detect a change in the epidemiology of foodborne disease after replacing the 
neutropenic diet with a standard hospital diet. Of note, the incidence of BSI, fever, and need for 
antibiotic treatment were less frequent in the SDG compared to the NDG. In our population, a 
standard hospital diet was safe for neutropenic high-risk patients. 
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Causes of severe febrile illnesses in hospitalized children, Nouna Burkina Faso 
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Universität Heidelberg, Heidelberg, Germany 
 
Introduction:  
Infectious diseases remain a public health problem in developing countries, contributing substantially 
to the nearly 10 million child deaths per year worldwide. Most of these could be prevented by simple 
interventions and access to treatment. There is increasing awareness in Africa that most acute febrile 
episodes are due to causes other than malaria. However, the diagnosis of non-malaria based fever 
requires more complex laboratory facilities often unavailable in health facilities in Africa. A better 
understanding of the epidemiology of acute fever causes at the local level is needed in order to 
improve patient management.  
Aim:  
To identify causes of severe febrile episodes in hospitalized children in North-Western Burkina Faso in 
order to develop an algorithm of diagnostic and therapy of fever.  
Methods:  
All children up to 15 years of age admitted with fever (≥38°C) to the the pediatric ward of the District 
Hospital in Nouna, between October 2015 and March 2017, were eligible for this observational study. 
Medical history including vaccination status was recorded and a clinical examination performed. 
Venous blood sample was collected for thick film, haemoculture and haematology. Serum was 
analyzed for liver enzymes and specific antibodies. Urine and stool samples, nasal and pharyngeal 
swabs, and cerebrospinal fluids were collected as appropriate according to the clinical analysis. Full 
blood and serum aliquots were stored for further analyses including PCR. Laboratory tests were 
performed on site and at the Heidelberg University Hospital in Germany.  
Results:  
Currently, 566 participants have been included. Data collection and sample analyses are still 
underway. Results are expected to be presentable by September 2017. 
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In 2015, Zika virus (ZIKV) emerged in Columbia and Brazil and spread rapidly across the American 
continent and the Caribbean, causing an epidemic with notable numbers of associated clinical cases 
of microcephaly and Guillain–Barré syndrome. Mosquitoes of the species Aedes aegypti (Ae. aegypti) 
and Aedes albopictus (Ae. albopictus) are considered the primary and secondary vectors of ZIKV. Due 
to the rapid spread of Ae. albopictus in Europe, it is of particular interest to assess the vectorial 
capacity of European Ae. albopictus species. Furthermore, the question remains whether other 
common mosquito species such as Culex spp. play a role in transmission of ZIKV. In addition, to 
assess the risk of possible spread to regions with temperate climate such as Central Europe, 
information is required on ZIKV vector competence of mosquitoes under reduced temperature 
conditions (< 20°C).  
This study aimed to evaluate the vector competence of central European mosquito species for ZIKV. 
Therefore, various taxa of the Culex pipiens complex and the invasive species Ae. albopictus were 
collected in Germany and challenged with ZIKV at 18 °C or 27 °C. Ae. aegypti and Italian Ae. 
albopictus were used as positive controls.  
As expected Ae. aegypti showed positive infection and transmission rates for ZIKV. None of the Culex 
taxa showed vector competence for ZIKV. In contrast, saliva of Ae. albopictus was positive for 
infectious virus particles, but only at elevated temperature of 27°C. Of note, none of the tested Aedes 
populations were susceptible to ZIKV at 18°C, which may limit the spread of ZIKV in central Europe to 
short summer periods with high temperatures.  
  
*Published in Euro Surveill. 2017 Jan 12;22(2) 
 



 Varia (Klinische Infektiologie) 
 

 241 

 

P 173 
 

Anti- metabolic effects of first-choice antimicrobials against C. trachomatis 
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Urogenital infections with the obligate intracellular Chlamydia trachomatis are the most common 
bacterial sexual transmitted diseases worldwide. In most cases the infection is asymptomatic, but 
recurrent infections are associated with chronic inflammation, resulting in ectopic pregnancy, pelvic 
inflammatory disease (PID) and infertility.  
C. trachomatis has a unique life cycle that alternates between two distinct bacterial forms, infectious 
elementary bodies (EBs) and the metabolically highly active reticulate bodies (RBs). Since chlamydial 
metabolic pathways are truncated, survival of C. trachomatis strongly depends on the host metabolism 
to compensate for its incomplete metabolic system.  
The first choice antibiotics for the treatment against C. trachomatis infection are doxycycline and 
azithromycin. Furthermore, β-lactam antibiotics are also recommended as an alternative treatment in 
C. trachomatis infected pregnant women. However, little is known about the metabolism of C. 
trachomatis infected host cell during antimicrobial treatments, which might be links to severe 
inflammation of the urogenital tract. In this study, we investigated the impact of first choice antibiotics 
on chlamydial metabolism and host glycolysis, as well as mitochondrial activity in C. trachomatis 
infected cells.  
C. trachomatis infected HeLa cells were treated with 2 µg/ml doxycycline, 0.5 µg/ml azithromycin or 1 
U/mL penicillin for 24 hours. Growth and infectious progeny were analyzed by quantification of 
recoverable inclusion forming units (IFUs). Seahorse metabolic analyzer and fluorescence lifetime 
imaging (FLIM) of NAD(P)H by two photon microscopy were applied to analyze the metabolic activity 
of C. trachomatis infected HeLa cells during the course of doxycycline, azithromycin and penicillin 
treatment.  
As expected all antibiotics significantly reduced the infectious progeny of C. trachomatis. While 
treatment with doxycycline and azithromycin directly reduced chlamydial metabolic activity inside the 
inclusion, no inhibition was observed upon penicillin treatment. Regarding potential side effects, 
doxycycline but not penicillin and azithromycin significantly reduced mitochondrial respiration of the 
host cell, but none of the tested antimicrobials directly impaired host cell glycolytic activity.  
Taken together, our data suggest that the tested antimicrobials exhibit diverse anti-metabolic activities 
that are directed against the pathogen and the host cell. These effects might play role in the effectivity 
of a particular substance against intracellular pathogens but should also be considered in further 
analyses of potential side effects to the host. 
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Background  
 As the largest lymphatic organ in humans, the gut associated lymphatic tissue (GALT) plays a major 
role in the pathogenesis and persistence during an HIV infection. Due to its distinct immune cell 
composition, the terminal ileum represents a particularly crucial viral reservoir in HIV-1 positive 
patients. However, the terminal ileum is scarcely focus of research because of the difficulty of 
obtaining biopsies compared to the rectum. While in peripheral blood latently infected central memory 
(TCM) and transitional memory cells (TTM) represent the major cellular reservoir for HIV, composition of 
distinct CD4+ T-cell subsets in the GALT are unknown. Our research therefore aims at determining 
latently infected CD4+ T-cell subset reservoirs in the GALT by comparing the terminal ileum, rectum, 
and peripheral blood.  
  
  
Methods  
 We obtain peripheral blood monocytes (PBMC) and sequential biopsies from the rectum and terminal 
ileum (LNMC) of HIV-positive and control patients. Using a FACS Aria cell sorter, we identify CD4+ T 
cell subsets using CD45RO+ as a memory marker, and CD27 and CCR7 to differentiate TCM 
(CD27+CCR7+), TTM (CD27+CCR7-), and effector memory cells (TEM- CD27-CCR7-). The subsequent 
digital droplet PCR (ddPCR) on T-cell subsets, in correlation with laboratory and clinical parameters, 
permits to determine and compare the size of the HIV reservoirs in the terminal ileum, rectum, and 
peripheral blood.  

 
Cell sorting strategy 
 
  
Results  
Currently 17 HIV+ patients (female: 3; male: 14; median age: 46.5; IQR: 36-53.75) and 6 control 
(median age: 52) patients have been enrolled. Median CD4+ T cells was 390/µl (IQR 188-595). All 
enrolled patients were on ART. Analysis of samples as well as enrolment of additional patients is on-
going.  
  
Discussion  
Building on our results, we aim to compare CD4+ T cell subsets in treatment-naive patients, patients 
undergoing treatment, and elite controllers. Unveiling potential differences in the composition of the  
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intestinal viral reservoir in different sites of the lymphatic system is particularly valuable in hope of 
contributing to the understanding of the pathogenesis of an HIV infection and the possible approaches 
to pharmacological eradication of HIV reservoirs. 

  



 Varia (Klinische Infektiologie) 
 

 244 

 

P 175 
 

Fetal metabolic stress disrupts immune homeostasis and induces pro-inflammatory 
responses in HIV-1 and cART-exposed infants 
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Increased morbidity and mortality are reported in uninfected children born to HIV-1-infected women 
treated with antiretroviral (ARV) therapy. The clinical complications reported in HIV-1-exposed infants 
include fetal growth restriction, higher susceptibility to infectious diseases as well as concerns 
regarding cardiac function and neurological abnormalities. The underlying mechanisms for these 
observations are largely unknown. Viruses and/or pharmacological interventions such as ARVs can 
change the cell’s metabolism. Changes in the cell metabolism can subsequently alter the cell’s 
immune response and restrict (cell) growth and proliferation.  
Using recently developed metabolomic techniques we investigated the impact of fetal HIV-1 and 
combination ARV therapy (cART)-exposure on immune-metabolome of these infants.  
The metabolome of cART/HIV-1-exposed-infants showed distinct differences compared to infants born 
to healthy women. Peroxidized lipids, which are generated by reactive oxygen species upon 
mitochondrial dysfunction, were increased in cART/HIV-1-exposed-infants. Furthermore, increased 
levels of triglyceride species and a subsequent decrease in phospholipids in cART/HIV-1-exposed-
infants compared to control infants were detected. These changes in the metabolome were associated 
with pro-inflammatory metabolites and classical immune parameters. Peroxidized lipids were 
associated with IP10 while changes in the triglycerides and phospholipids were associated with 
MIP1a, IL1B and IL8. Furthermore, pro-inflammatory immune mediators like e.g., lysophospholipids, 
were increased while anti-inflammatory cytochrome p450 pathway metabolites were reduced in 
cART/HIV-1-exposed-infants. In summary, we show that the fetal metabolism in children born to HIV-
1-infected women treated with ART is altered and skewed towards pro-inflammatory immune-
metabolic milieu. 
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Transplant patients experience high risks of developing opportunistic infections due to immune 
suppression necessary to avoid transplant rejection. Upon the development of opportunistic infections 
the individual course of patient and graft survival after transplantation can be severely impacted. 
However, the underlying mechanisms as well as risk factors for individual susceptibility of patients to 
infection remain poorly understood. To investigate these issues and enable translational research in 
the areas of infectiology and immunology on immune-suppressed patients, the DZIF Transplant (Tx-) 
cohort was established.  
  
Of all patients enrolled in the Tx-cohort biosamples are collected in regular intervals and upon 
infectious events, the latter being of special importance for infection research. While liquid biosamples 
can be collected from patients with comparable ease, tissue samples - although crucial for the 
assessment and investigation of a variety of opportunistic infections that escape serogenic analyses 
(e.g. fungal or parasite infections) - can only be obtained as left-over material of biopsies, resections 
and explantations in the course of clinically indicated interventions. To make these relevant tissue 
samples of Tx-cohort patients available to translational research in DZIF and allow for their 
comprehensive assessment with the collected liquid biosamples and accompanying data, the DZIF 
Tissue Bank aims to set up specialized tissue collectives.  
  
In a pilot study carried out at the Tx-cohort partner site Heidelberg, tissue samples collected from 
patients enrolled in the Tx-cohort are identified at the Institute of Pathology. Relevant biosamples 
linked to infectious events in the patient are selected, based on individual evaluations of the 
accompanying clinical data sets as well as professional histopathological analyses of the tissue 
samples by board-certified pathologists. In individual cases a molecular pathological validation of the 
infectious agent at the Institute of Pathology or a validation of the infection based on data obtained 
from parallel clinical analyses undertaken at the Heidelberg Center for Infectious Diseases is 
performed. Selected tissue samples are documented, annotated, and incorporated into a specialized 
tissue collective, exclusively comprising tissue samples of Tx-cohort patients related to infectious 
events. All data is made available to the DZIF central biosample registry (ZBR) in which it can be 
centrally searched and requested for research projects by DZIF scientists. Upon successful 
completion of the pilot study the described procedure can be rolled out to other Tx-cohort partner 
sites.  
  
By establishing specialized tissue sample collectives for the Tx-cohort, the DZIF Tissue Bank provides 
access to critical biosamples currently inaccessible to but essential for translational research in DZIF 
and thus enables the investigation of a variety of additional infectiological and immunological 
questions. 
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Einführung:  
Patienten mit anatomischer oder funktioneller Asplenie haben ein deutlich erhöhtes Risiko für schwere 
Infektionen insbesondere durch S. pneumoniae oder N. meningitidis. Präventionsmaßnahmen stehen 
in Form von Impfungen, Antibiotikaprophylaxe (Dauerprophylaxe oder Stand by-Therapie) sowie 
Patientenschulung zur Verfügung. Ziel unserer Asplenie-Registerstudie ist es, das Postsplenektomie-
Sepsis (PSS)-Risiko in unterschiedlichen Patienten-Subgruppen sowie die Adhärenz an 
Präventionsmaßnahmen und deren Effektivität zu untersuchen.  
  
Material und Methoden:  
Seit 2009 werden über die Asplenie-Ambulanz des Universitätsklinikums Freiburg Patienten nach 
Splenektomie prospektiv erfasst. Nach 3, 15 und ~36 Monaten erfolgt eine telefonische Follow up-
Visite sowie Kontaktaufnahme mit den primär versorgenden Haus-/Fachärzten anhand 
standardisierter Fragebögen. Epidemiologische und klinische Daten, Antibiotika- und 
krankenhauspflichtige Infektionen, Impfstatus, Vorhandensein eines Stand by-Antibiotikums und 
Notfallausweises sowie Überlebenszeit und Todesursache wurden erhoben. Wir beschreiben hier die 
Rate von schwerer Sepsis/septischer Schock-Diagnosen nach Studieneintritt und untersuchen den 
Einfluss verschiedener Risikofaktoren (unter Berücksichtigung von Pneumokokken-Impfstatus und 
PSS-relevanten Kovariablen) auf die Zeit bis zur ersten Sepsis-Episode mittels einer Cox-Regression.  
  
Ergebnisse:  
Zwischen 2009 und 2016 wurden 460 Patienten (medianes Alter 55 Jahre, 47% Frauen) 
eingeschlossen. Für 434 Patienten (93%) waren Follow up-Daten verfügbar, der mediane 
Beobachtungszeitraum war 3,3 Jahre (insgesamt 1458 Beobachtungsjahre). 85% der Patienten waren 
mindestens einmal mit einem Pneumokokken-Impfstoff geimpft. Bei 29% (88/460) der Patienten 
waren alle empfohlenen Impfungen erfolgt (siehe  
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).  
89 Patienten verstarben (6/100J., zumeist grunderkrankungsbedingt). Bei 22 Patienten kam es zu 
einer schweren Sepsis/septischem Schock (1,5/100J.). In der multivariaten Cox-Regressionsanalyse 
war die Rate von schwerer Sepsis/septischem Schock bei Patienten, die eine Chemotherapie 
erhielten, erhöht (HR 4,6 95% KI 1,1-15,6,  
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). Bei Pneumokokken-geimpften Patienten fand sich eine reduzierte Rate (HR 0,14, 95% KI 0,06-0,4) 
im Vergleich zu nicht-geimpften Patienten.  
  
Diskussion:  
Es zeigt sich eine Assoziation zwischen Durchführung der Pneumokokken-Impfung und einer 
reduzierten Rate von Sepsis-Episoden. Trotz der Kontrolle verschiedener Einflussfaktoren in der 
multivariaten Analyse ist eine Überschätzung dieses Effektes durch residuelles Confounding oder 
Selektionsbias nicht auszuschließen. Weitere Sensitivitätsanalysen, die die Robustheit des 
beobachteten Effekts untersuchen sollen, werden derzeit durchgeführt. Insgesamt darf die Umsetzung 
der verfügbaren Präventionsmaßnahmen im Rahmen der Regelversorgung als ungenügend 
bezeichnet werden. Neue Strategien zur besseren Adhärenz an die empfohlenen Maßnahmen sind 
erforderlich. 
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CMV infection is a major complication after kidney transplantation affecting both allograft function and 
survival by both direct and indirect mechanisms. Despite anti-viral prophylaxis, a considerable 
proportion of patients develop CMV disease after receiving CMV-positive allografts. Whether 
intensified prophylaxis would be beneficial remains questionable, therefore, studying contributing host 
factors is an important tool to improve graft function in these patients. Contributing factors for the 
impaired immune competence of transplant recipients are HLA- mismatches between donor and 
recipient and general immunosuppression in these patients besides CMV-status.  
Prospective immunomonitoring of 170 patients in the “DZIF-Transplant Cohort” was utilized to study 
such additional host risk factors for clinical relevant CMV disease in kidney transplanted patients. 
Signatures of T-and NK-cell subpopulations as well as dynamic changes in these populations after 
transplantation were associated with the risk of de novo CMV infections.  
Importantly, deceased organ transplantation was identified as a major risk factor for developing CMV 
infection after kidney transplantation. 27% of patients that received deceased donor organs developed 
CMV disease, whereas only 10% of patients with living donor donation had clinical signs of CMV 
disease. This observation was confirmed in an independent retrospective cohort with 131 patients. 
One contributing factor might be shorter cold ischemia time in the setting of living organ donation, as 
was shown in a third retrospective cohort. Additional factors are manifold, including overall donor 
health status, lower adjuvant effects of DAMP’s and less impairment of the recipient immune system 
after transplantation, as observed in this cohort.  
The theoretical implications of this finding are of importance for the understanding of maintaining a 
balance between protective immune responses and effective immune suppression.  
A composite risk score that allows prediction of developing CMV disease on the individual level will be 
validated in this cohort and is a major step towards a precision medicine approach in managing 
transplanted patients. 
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Is CD32 a marker of infected cells and can be used to characterize the HIV reservoir? 
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Background and Aim:  
Although HIV infection and further transmission can be well controlled using highly active antiretroviral 
therapy (HAART), current regimens cannot target the provirus [1]. These so called reservoirs of 
replication-competent HIV can cause a quick viral rebound after therapy withdrawal.  
Current methods, such as culture-and PCR-based assays, cannot accurately determine the reservoir 
size. Several case reports of rebounding virus after undetectable viral loads indicate the clinical 
relevance of this topic [2,3]. Therefore, more markers are needed to identify reservoir cells more 
precisely.  
Descours et al. recently showed in vitro that infection frequencies of CD4 T cells correlate with the 
expression of CD32A [4]. CD32 is a low-affinity receptor for the IgG Fc fragment and mostly 
expressed on monocytes, neutrophils and eosinophils.  
We investigate if CD32A expression identifies well-established reservoirs and correlates with 
integrated HIV DNA in infected patients.  
  
Methods:  
Multicolour flow cytometry was performed with mononuclear cells from peripheral blood, lymph nodes 
and the gut of patients with diverging viral loads and diverse disease courses such as long-term non-
progressors or elite-controllers.  
The panel contains antibodies for the analysis of T cells as subsets of lymphocytes (CD3, CD4, CD8), 
central, transitional and effector memory T cells, naïve T cells, (CD45RA, CCR7), Tregs (CD25, 
CD127) as well as long term memory populations (CD127) and HIV coreceptors (CCR5, CXCR4).  
  
Results:  
Preliminary data suggests that the overall CD32 expression is highest in viremic patients compared to 
healthy controls and successfully treated individuals. Furthermore, it seems to be most prominently 
expressed on TCMs and TTMs in both viremic and treated HIV patients.  
  
Outlook:  
Comprehensive analysis of the above described immune cell populations will be presented and 
correlated with integrated viral DNA.  
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Lassa Fever (LASF) is a severe viral syndrome endemic in most West African countries. It is caused 
by the Lassa virus (LASV), a hemorrhagic fever virus. LASV is a negative strand RNA virus and up to 
300,000 people become infected annually with a fatality rate that reaches 40% in nosocomial 
outbreaks. Despite the high morbidly and mortality caused by LASV, little is known about the 
pathophysiology of the disease in humans. However a better understanding about the underlaying 
mechanisms is urgently needed in order to identify currently licensed drugs that might have a 
beneficial effect on the course of the infection.  
  
Together with cooperation partners from the Irrua Specialist Teaching Hospital (ISTH) in Irrua, Edo 
state, Nigeria we analyzed samples from acute LASV patients that have been treated in the LASF 
isolation ward of the ISTH. Since 2011 a clinical study has been conducted at this study site to gain a 
better understanding of the pathophysiology of LASF. Between 2014 and 2016 more than 500 
samples belonging to more than 200 patients were collected and analyzed. The analyses include 
serology for viral proteins, virus titer determination, clinical chemistry, hematology, soluble cytokine 
and chemokine analysis and multiparameter flow cytometry. Here we summarize the data gathered 
and the result of a principal component analysis to identify key biomarkers that can predict the 
outcome of the infection. 
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Background: A 17 year old patient with cystic fibrosis (HLA-A11+, CMV-) underwent bilateral 
sequential lung transplantation (donor: HLA-A32+, CMV+). Immunosuppression (IS) consisted of 
Tacrolimus, MMF and Prednisone. After an uneventful postoperative course of 3 months, he 
developed histology-proven cutaneous GvHD that was treated successfully by withdrawal of MMF. He 
developed acute rejection treated by a steroid pulse. While lung function returned to normal, the 
patient developed CMV infection despite valganciclovir prophylaxis.  
Methods: Frequencies of HLA-A32+ donor lymphocytes were measured by FACS. ELISpots were 
performed to detect allospecific (rejection vs. GVHD) and CMV-specific T cells. HLA-A2/NLV-
pentamer staining was used to measure frequencies of CMV-specific CD8+ CTL. Plasma cytokines 
were measured by multiplex assays.  
Results: With development of skin GvHD, frequencies of 3-4% HLA-A32+ donor CD4+,CD8+ T cells, 
5-8% B cells and 1-4% NK cells were detected for 2 weeks. Donor T, NK cells declined after MMF 
withdrawal, B cell frequencies remained stable. Simultaneously to improvement of GVHD, acute 
rejection developed, accompanied by significantly increased allo-A32-specific CD8+ T cells within one 
week, which declined upon steroid pulse. Allo-HLA-A11-restricted T cells, responsible for GvHD, were 
found at low frequencies. Steroid pulse was accompanied by serological detection of CMV which 
induced HLA-A2/NLV specific CD8+ T cells producing IFN-g in response to CMV. CMV viremia 
disappeared with the emergence of these CMV-specific CTL. Plasma levels of sCD25, IFN-g, IL-17 
responded to IS alterations, to pulsed steroids with a transient drop.  
Conclusions: Using specific immune monitoring tools, we could confirm clinical diagnoses of the 
patient. Frequencies of allo- or virus specific T cells, donor lymphocytes and plasma cytokine levels 
followed the clinical course of GVHD, followed by rejection followed by CMV infection. The 
modification of IS by using immune monitoring information resulted in a full recovery of the patient who 
is still asymptomatic several months after these complications. 
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Empirical prescriptions of antibiotics for urinary tract infections (UTI) are becoming increasingly 
problematic since uropathogens like E.coli and other Enterobacteriaceae exhibit resistance against 
classical antibotics like ampicillin/sulbactam, trimethoprim/sulfamethoxazole and ciprofloxacin. These 
antibiotics face significant resistance rates in many clinical settings, yielding the European Association 
of Urology to dissuade from their usage without prior resistance testing, when local resistance is 
above 20%. Increasing resistance drives prescription of more spectrum antibiotics, inducing high 
collateral damage and driving again multi-drug resistance. This vicious cycle can be interrupted by 
rapid point of care susceptibility testing.  
The current “Gold Standard” of microbiological culture takes two days, which often means delay of 
urological surgery, or empirical prescription of broad-spectrum antibiotics in acute infections. A fast 
point of care test for antibiotic resistance directly from urine is highly desirable.  
We are developing such a test on the basis of a LAMP (loop-mediated isothermal amplification) panel 
for key genetic traits, which detects the most common uropathogens and their relevant resistances, 
directly from urine, with only one step boiling and centrifugation required.  
To define a locally suited genetic detection panel, we collected E.coli, Klebsiella, Proteus, 
Enterobacter, Enterococci and Pseudomonas aeruginosa isolates in urine samples of urological 
patients over 14 months, regardless of phenotypic resistance, from in- and outpatients of all ages and 
both genders. We sequenced these strains using Next-Generation-Sequencing and analyzed their 
genomes in our newly developed assembly-annotation-and-analysis-pipeline to determine suitable 
targets for molecular detection of resistance determinants. Based on these results we have yet 
constructed a detection panel for E.coli, Enterococci, Klebsiella and Proteus and a resistance panel for 
E.coli, the most common uropathogen.  
Determination of urinary bacterial loads is essential for diagnosis of UTIs. Flow cytometry has been 
recommended as an efficient tool to count bacteria, but cannot determine species nor antibiotic 
resistance. Still it seems well suited to screen urine samples for relevant bacterial loads in order to flag 
these for further analysis, thus saving time and resources.  
We are currently investigating a triple urine analysis workflow on routine urine samples in a pilot study 
in the Urology Department of the University Hospital of Gießen, which includes urine culture, flow 
cytometry, and our newly developed diagnostic LAMP panel. Applying all three techniques we 
compare their relative detection adequacy, especially with concern to correctness of the resistance 
forecast done by LAMP compared to cultural testing. Our aim is to develop an efficient workflow that 
yields adequate point of care information for the proper clinicians in a resource efficient manner. 
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Lassa virus, the etiological agent of Lassa fever, is endemic in several West African countries and 
causes around 300,000 cases annually with 5,000-6,000 deaths and high seroprevalence. 
Transmission occurs seasonally, mostly through direct or indirect contact with the reservoir host 
species, the multimammate rat Mastomys natalensis. Human to human transmission may also occur, 
in particular in nosocomial settings during outbreaks.  
Here we summarize data gathered during field missions in hyperendemic Lassa areas in Nigeria with 
regard to risk behaviors and likely transmission scenarios of a hospital based acute Lassa patient 
cohort from January to March 2017. Additionally, we link this data to lymphocyte signatures of tissue 
homing, memory and residency both cross-sectionally and longitudinally in Lassa virus specific T cells. 
We analyze homing phenotypes by characterization of T cells expressing either a “skin” (CLA, 
CCR4/CCR6), a “gut” (beta 7 integrin, CD103, CD49d) and a “mucosal tissue and respiratory” (CCR3, 
CCR5, CD49a) specific signature of chemokine receptors and adhesion molecules.  
We speculate that this approach will provide valuable information towards determining the more 
prevalent transmission routes, which has implication for public health policies and control measures. 
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Background  
In July 2016 Berlin joined the Fast-Track Cities Initiative, a network of more than 50 cities around the 
world highly burdened with HIV who share the common goal of ending the AIDS epidemic in cities by 
2030.  
In order to achieve this goal, 90% of all people living with HIV (PLHIV) should be aware of their HIV 
status, 90% of all people diagnosed with HIV should be receiving sustained antiretroviral therapy 
(ART) and 90% of all people receiving ART should have achieved viral suppression by 2020.  
So far, it was unknown whether Germany has already reached these targets.  
The aim of this study was to determine treatment success and persistent viraemia in a large study 
population of PLHIV.  
  
Methods  
PLHIV diagnosed and PLHIV treated  
The first two stages of the HIV care continuum (HIV CoC) on the proportion of PLHIV with HIV 
diagnosis and treatment were derived from the RKI estimates on PLHIV.  
  
PLHIV with viral suppression  
For the estimation of the number of people achieving viral suppression we analyzed data from two 
large German cohort studies, the ClinSurv HIV (CSH) and the HIV-1 Seroconverter cohort (SC) both 
under the directive of the Robert Koch Institute. Cohort data from 1997-2015 was included in the 
analysis. For the analysis of persistent viraemia in the study population we developed a 10-day grid 
model to close gaps between documented viral load (VL) measurements. A period of 180 days was 
determined as time between ART initiation and treatment success (VL< 50 copies/ml). Persistent 
viraemia was defined as two consecutive VL measurements >50 copies/ml within 180 days or one VL 
measurement >1000 copies/ml.  
  
Results  
PLHIV diagnosed and PLHIV treated  
The RKI estimates on the proportion of PLHIV with HIV diagnosis and treatment show that in Berlin 
and Brandenburg 88% of PLHIV are diagnosed and 85% of diagnosed are receiving ART.  
  
PLHIV with viral suppression  
Included in this analysis were 3,606 patients from Berlin (N=3,286) and Brandenburg (N=320). Of 
those, 1,905 were patients of the ClinSurv HIV cohort and 1,490 were patients of the HIV-1 
Seroconverter cohort.  
The proportion of patients successfully treated continuously increased from 31% (1760 person years, 
PY) in 1997 to 89% (330 PY) in 2015.  
The proportion of patients with viraemia >1000 copies/ml decreased from 49% in 1997 to 3% in 2015  
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Proportion of people ever on ART by viral load groups 
 
.  
  
HIV care continuum  
Accordingly the HIV CoC for Berlin and Brandenburg would be 88-85-97.  
  
Conclusions  
Over the study period from 1997-2016 we observed a continuous and remarkable increase in the 
proportion of PLHIV receiving ART and showing viral suppression.  
Furthermore a notable proportion of those with viraemia showed low level viraemia <1000 copies/ml 
and are therefore unlikely to be transmit HIV.  
However, individual health risks and HIV drug resistance are problematic and viral suppression 
continues to remain the goal.  
In terms of the Fast-Track Cities Initiative and the 90-90-90 goal, Berlin and Brandenburg can be 
almost considered successful. 
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3Department of Immunology, University Medicine Greifswald, Greifswald, Germany, 4Institute of 
Medical Microbiology, University Medicine Göttingen, Göttingen, Germany 
 
Rats are carriers of a variety of zoonotic pathogens which are transmitted to humans and can cause 
serious diseases, e.g. Leptospira spp., cowpox virus and Seoul hantavirus. On the other hand, also 
pathogens that may not be zoonotic have been found in rats, such as Rattus norvegicus polyomavirus 
1 (RnorPyV 1) or rat hepacivirus. In addition, human pathogenic agents, such as the human 
pathogenic norovirus, have been detected in rats, however, rats probably are not involved in 
transmission to humans.  
  
In April 2017, a passenger noticed the presence of a rat in an aircraft during flight. After landing in 
Berlin, the rat was localized, euthanized and found during the necessary technical maintenance work. 
In a subsequent dissection various tissue samples were taken for the different pathogen 
investigations. The animal was identified as a Black rat (Rattus rattus) by standard cytochrome b-PCR 
and subsequent sequencing.  
  
For pathogen detection, a standard workflow should be established within the network "rat-borne 
pathogens", which include the use of pathogen-specific and open-view methods. The open-view 
methods include the cultivation of bacteria and subsequent characterization, as well as next-
generation sequencing and microarray investigations. The pathogen-specific methods currently target 
13 viral and 10 bacterial pathogens.  
  
The cultivation experiments showed the presence of five bacterial and two fungal species. Further 
pathogen-specific studies have not yielded positive results, but this still reflects only a small portion of 
the expected spectrum of pathogens. 
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Germany 
 
Objective:  
The non-classical HLA-E molecule is involved in a variety of immune functions ranging from inhibiting 
NK-cell activity till presenting allo-antigens to T-cells. HLA-E function is partly dependent on the 
presented peptide repertoire mostly derived from signal peptides of other HLA molecules or viruses 
(e.g. CMV immune evasion protein UL40). CMV infection (CMVi) is a major cause of severe 
complications after transplantation (Tx). Though HLA-E displays limited allelic variation, substantial 
functional differences (in terms of peptide affinity, cell surface expression, lytic activity) have been 
attributed to the 2 main alleles observed (HLA-E*01:01;HLA-E*01:03). Thus, the question emerged 
whether HLA-E allelic variation affects CMVi after renalTx (RTx) and may be useful for further 
identification of patients at risk.  
Methods:  
192 living kidney recipient (R) and donor (D) pairs were enrolled in this study. HLA-E typing was 
performed using PCR method. Clinical data (focusing on CMVi during 1st year after RTx) were 
assessed and associated with typing results.  
Results:  
20 R exhibited CMVi during the 1st year after RTx, regardless of CMV risk status. The median time 
from RTx to CMVi was 165d (range, 21-365d). With regard to R HLA-E allelic variant, we found a 
significantly increased incidence of CMVi among HLA-E*01:03 carriers (homo- or heterozygote) 
compared to HLA-E*01:03 negative R (p=0.0086; OR=9.66 95% CI: 1.62-102.6). This is valid even for 
the CMV high-risk population (n=14; p=0.036; OR=8.412 95% CI: 1.29-96.8). Kaplan-Meier curve 
analysis and Cox regression confirmed a noticeably increased risk for productive CMVi in HLA-
E*01:03 allele carrying R (overall group p=0.009 and high-risk p=0.036, respectively). No association 
was observed between D HLA-E allelic variant and CMVi.  
Conclusion:  
The strong HLA-E*01:03 R allele association with CMVi indicates that application of HLA-E typing may 
be useful for additional characterizing and monitoring R at risk of CMV infection. 
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Hintergrund: Um zu prüfen, ob JC-Virus (JCV) eine Rolle bei der Entstehung von Nephropathien bei 
HIV-1-infizierten Patienten haben könnte, untersuchten wir in einer Kohorte von HIV-1-infizierten 
Patienten die Ausscheidung von JCV im Urin und korrelierten die JCV-Ausscheidung zur 
Nierenfunktion, zur Therapie und zu immunologischen Parametern.  
Methoden: 62 HIV-1-infizierte Patienten (47 Männer, 15 Frauen, 57 antiretroviral behandelt) wurden 
in die Studie aufgenommen und bezüglich JCV-Ausscheidung im Urin, Alter, Geschlecht, Therapie, 
CD4-Zellen, CD8-Zellen, CD4/CD8-Ratio, B-Zellen, NK-Zellen, HIV-1-Viruslast, Kreatinin, Urin-Status, 
HLA-I-Typ, sowie Serumspiegeln von TNF-alpha und IFN-alpha analysiert. Die JCV-Virus - 
Konzentration im Urin wurde bei allen Patienten mittels einer Real-Time-PCR quantifiziert. Die 
statistische Auswertung der Korrelation der JCV-Virusausscheidung mit den erfassten Parametern 
erfolgte mit Wilcoxon-Test, Pearson-Korrelations-Test und Fisher´s exact - Test.  
Ergebnisse: Eine JCV-Virurie > 150 Kopien/ml wurde bei 26/62 aller Patienten (41.9%), bei 26/57 
Patienten unter ART und bei 0/5 unbehandelten Patienten beobachtet. Bei den JCV-Ausscheidern 
betrug die mediane JCV-Konzentration im Urin 11500 Kopien/ml (Range 150 – 16 Millionen 
Kopien/ml). 17/62 Patienten zeigten ein erhöhtes Kreatinin (>0.95 mg/dl bei Frauen, >1.17 mg/dl bei 
Männern). Die JCV-Ausscheidung korrelierte signifikant mit dem Alter, der Zahl der NK-Zellen, nicht 
aber mit der Zahl der CD4+ T-Zellen, CD8+ T-Zellen oder B-Zellen, sowie den Serumspiegeln von 
Kreatinin, TNF-alpha und IFN-alpha. HLA-C5-positive Patienten zeigten eine signifikant niedrigere 
JCV-Ausscheidung im Urin (p=0.0332). Der Kreatinin-Serumspiegel korrelierte signifikant mit dem 
Alter, den CD8+ T-Zellen/µl, HLA-B38 (p=0.01751) und grenzwertig signifikant mit HLA-C12 
(p=0.0634). Interessanterweise zeigten HLA-A1-positive Patienten signifikant seltener erhöhte 
Kreatinin-Serumspiegel (p=0.04748). Eine JCV-Virurie zeigten 10/17 (58.8%) der Patienten mit 
erhöhtem Kreatinin, aber nur 16/45 (35.5%) mit normalem Kreatinin. Ein erhöhtes Kreatinin wiesen 
10/26 (38.4%) der Patienten mit einer JCV-Virurie und 7/36 (19.4%) ohne JCV-Virurie auf. Jedoch 
erreichten diese Unterschiede keine Signifkanz (p=0.09765).  
Schlussfolgerungen: Eine JCV-Ausscheidung im Urin wird häufig bei HIV-1-infizierten Patienten 
unter einer antiretroviralen Therapie beobachtet und korreliert mit dem Alter und einer höheren Zahl 
an NK-Zellen im Blut. Eine Assoziation von JCV mit einer Nephropathie konnte nicht gesichert 
werden, auch wenn Patienten mit einer JCV-Virurie häufiger ein erhöhtes Kreatinin aufweisen. Die 
starke Korrelation der CD8+ T-Zellen mit dem Serum-Kreatinin und die positiven bzw. negativen 
Korrelationen von individuellen HLA-Allelen mit der JCV-Ausscheidung bzw. dem Serumkreatinin 
weisen auf die Bedeutung von CD8+ T-Zellantworten sowohl für die Kontrolle von JCV als auch für die 
Nierenfunktion hin. 
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Lassa fever is an acute febrile illness associated with bleeding, encephalopathy, and multi-organ 
failure. It is caused by Lassa virus, a member of the family of Arenaviridae. The disease is endemic in 
the West African countries of Sierra Leone, Guinea, Liberia, Mali, and Nigeria. About 100,000- 
300,000 infections occur annually with an overall case fatality rate of 1-2%. The case fatality rate 
(CFR) in hospitals is about 20-30%, but may be as high as 65% in nosocomial Lassa fever epidemics 
caused by human-to-human transmission of the virus. There is no vaccination available for use in 
humans. The only drug with limited therapeutic efficacy is the broad-spectrum nucleoside analogue 
ribavirin.  
Essentially, the pathophysiological cascade leading to death from Lassa fever is not known. In order to 
investigate main clinical features and pathophysiology of Lassa fever in patients a cross- sectional 
clinical study on pathophysiology in hospitalized patients who had laboratory-confirmed Lassa fever 
was put in place together with the Irrua Specialist Teaching Hospital (ISTH). ISTH is located in a 
Lassa-fever endemic area in south-western Nigieria and comprises a laboratory for molecular 
diagnosis of Lassa virus as well as a Lassa fever ward close to the laboratory. Between 2010 and 
2016 368 patients entered the study and about 1700 samples were analysed for antibodies, clinical 
chemistry and haematology. Here we present the data obtained to identify key markers that can 
predict the outcome of the infection. 
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The Epstein Barr virus (EBV) establishes lifelong persistent infections in more than 90 % of the human 
population. While primary infection usually occurs early in life in an almost always asymptomatic 
fashion, delayed infection may result in a multi-facetted infectious mononucleosis (IM) syndrome. 
Although usually a self-limiting disease with fever, tonsillopharyngitis, lymphadenopathy and fatigue, 
IM can be associated with acute and life-threatening complications, protracted symptoms, and/or 
subsequent malignant and/or autoimmune diseases. In few cases, distinct primary 
immunodeficiencies (PID) were identified as causative factors but in most of the cases the pathogenic 
mechanisms remained obscure.  
To identify biomarkers and causative factors of protracted and/or complicated IM we initiated the 
“Munich Infectious Mononucleosis study” (IMMUC) which involves four DZIF partner sites and is highly 
synergistic with other projects of the Thematic Translational Research Unit “Infections of the 
immunocompromised host” (TTU IICH). A successful pilot study (n = 50) was implemented in 2016 
and paved the way for the full IMMUC study which will include a total of 200 patients. Here, we 
present preliminary data from the first 100 patients. Children, adolescents, and young adults with 
onset of IM within the last four weeks are being recruited from numerous Munich medical institutions 
and investigated at four time points up to six months after the onset of symptoms. A novel diagnostic 
scoring system is applied to discriminate mild from extensive IM and subtypes thereof. We are 
documenting reported symptoms and physical signs of IM, are investigating possible risk factors in the 
patient’s history, and are analyzing peripheral blood and mouth washes by established and novel 
analytical assays to determine the clinical, immunological and virological phenotypes of IM. Laboratory 
investigations include i) EBV DNA load in peripheral blood mononuclear cells (PBMC), Plasma, and 
mouth washes, ii) EBV-specific antibodies by standard serology and by a novel viral protein-specific 
multiplex approach, iii) co-infections by other lymphotropic herpesviruses, iv) EBV-specific effector as 
well as innate and regulatory immune responses using multiparametric flow cytometry, v) patterns of 
plasma cytokines and cytokine receptors using a multiplex approach, vi) patterns of plasma EBV 
microRNA, vii) the lineage of EBV-infected cells in PBMC and their expansion in vitro, viii) viral 
polymorphisms associated with eIM, ix) standard markers of immunity and inflammation, x) vitamin D 
levels , and xi) monogeneic host mutations that cause PID using whole exome sequencing.  
We expect the IMMUC study to aid in the diagnosis, risk-stratification and treatment of complicated 
and/or protracted IM, to create a large biobank for a broad range of future scientific questions, and to 
provide novel analytical tools for the investigation of other severe and life-threatening EBV-associated 
diseases. 
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Background: Leptospirosis is the widest spread zoonotic infection worldwide and an emerging global 
public health problem. This retrospective study aimed to characterize epidemiological and clinical 
features of patients diagnosed with leptospirosis at an infectious disease tertiary centre in Germany.  
  
Methods: This retrospective study analyzed medical records of patients diagnosed with leptospirosis 
at the Section of Tropical Medicine of the University Medical Centre Hamburg-Eppendorf from 2007 to 
2017.  
  
Results: In total, data of 23 patients diagnosed with leptospirosis were included in this study. The 
median age of the patients was 38. Leptospirosis was most frequently acquired in South-East Asia, 
freshwater related activities were identified in the majority of the patients. Patients predominantly 
presented with febrile illness, myalgia and cephalgia. The majority of patients showed a combination 
of anemia, leukocytosis, thrombocytopenia, elevated serum creatinine and slightly elevated 
transaminases. Bilirubin was elevated in less then half of patients. CRP and procalcitonin were also 
elevated in all patients when tested and might be a useful diagnostic tool. While most patients had 
more than one risk factors for fatal leptospirosis there were no fatalities. Nearly all patients received 
treatment with different antibiotic regimens despite hardly any evidence for the usefulness of 
antimicrobial therapy and choice of agent.  
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Conclusions: Leptospirosis should be considered in the differential diagnosis of any patient with acute 
febrile illness, especially with a recent subtropical or tropical travel history or freshwater exposure. 
 



 Varia (Klinische Infektiologie) 
 

 264 

 

P 191 
 

Improvement of a tissue maceration technique for the determination of placental 
involvement in Schistosomiasis 

 
B. Schleenvoigt1, M.C. Holtfreter2, H. Neubauer3, T. Groten4, H. El-Adawy3, J. Pastuschek4, J. 
Richter2, D. Häussinger2, M. Pletz1 

1Center for Infectious Diseases and Infection Control, Jena University Hospital, Jena, Germany, 
2Tropical Medicine Unit, Department of Gastroenterology, Hepatology and Infectious Diseases, 
Facultv of Medicine, Heinrich-Heine-University, Düsseldorf, Germany, 3Friedrich-Loeffler-Institut, 
Federal Research Institute for Animal Health, Institute of Bacterial Infections and Zoonoses, Jena, 
Germany, 4Department of Gynaecology and Obstetrics, Jena University Hospital, Jena, Germany 
 
Schistosomiasis in pregnancy may cause low birth weight, prematurity and stillbirth of the offspring. 
Placenta of pregnant women might be involved when schistosome ova are trapped in placental tissue. 
Standard histopathological methods only allow the examination of a limited amount of placental tissue 
and are therefore not sufficiently sensitive. Therefore, placental schistosomiasis remains 
underdiagnosed and its role in contributing to schistosomiasis-associated pregnancy outcomes 
remains unclear.  
  
Here we investigated an advanced maceration method in order to recover a maximum number of 
schistosome ova from the placenta. We examined the effect of different potassium hydroxide (KOH) 
concentrations and different tissue fixatives with respect to maceration success and egg morphology. 
Placental tissue was kept either in 0.9% saline, 5% formalin or 70% ethanol and was macerated 
together with Schistosoma mansoni infested mouse livers and KOH 4% or 10%, respectively. We 
found that placenta maceration using 4% KOH at 37°C for 24 h was the most effective method: 
placental tissue was completely digested, egg morphology was well preserved and alkaline 
concentration was the lowest. Ethanol proved to be the best fixative for this method.  
  
Here we propose an improved maceration technique in terms of sensitivity, safety and required skills 
which may enable its wider use also in endemic areas. This technique may contribute to clarify the 
role of placental involvement in pregnant women with schistosomiasis. 
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Objectives: Performing blood cultures is essential for appropriate antimicrobial therapy and mentioned 
in most guidelines on severe infections, but several studies show that guideline adherence is rather 
poor 1-4. This jeopardizes quality of care and increases the risk for resistance development due to 
incorrect or unnecessary use of broad spectrum antibiotics. However, the impact of blood cultures has 
not been evaluated so far. We therefore analyzed the effect of blood cultures on length of stay (LOS) 
and duration of therapy in patients receiving intravenous (IV) antibiotics on admission.  
Methods: Patients receiving more than 48 hours of non-prophylactic IV antibiotics (top ten prescribed 
antibiotics in 2009 to 2013) starting on day of admission were included retrospectively at the University 
Medical Center Groningen, a 1339-bed academic tertiary referral hospital. Hematological, oto-rhino-
laryngological patients and patients under 18 years were excluded. The likelihood for taking blood 
cultures and their effect on LOS were tested by multiple logistic regression analysis and Cox 
regression analysis, respectively.  
Results: We identified 2997 patients received broad spectrum IV antibiotics on their day of admission. 
Timely blood cultures were taken for 1441 patients (48%), 1556 patients (52%) had no blood culture 
diagnostics performed on admission. In-hospital mortality did not differ between those groups (3.3% 
vs. 2.3%; p=0.114). Mean LOS for patients with blood cultures was significantly shorter (13.0 vs. 14.0 
days; p=0.017). In a multivariate Cox regression model for earlier discharge this effect remained 
significant (HR=1.11; 95% CI: 1.02-1.21) when adjusting for route of admission, antibiotic used, 
medical specialty, weekend admission, age, gender and measuring leucocytes. Furthermore, patients 
were significantly more likely to receive a blood culture test when CRP was also measured on 
admission (OR=8.13; p<0.001), while a leucocyte count showed a tendency for less likely blood 
culture testing (OR=0.52; p=0.064). Total duration of antibiotic therapy was significantly lower for the 
group receiving blood cultures (9.8 vs. 11.0 days; p=0.030) but total antibiotic consumption (DDDs) 
was similar.  
Conclusions: Patients with (timely) blood cultures performed had a significantly shorter duration of 
therapy and LOS. Increasing the compliance with existing guidelines for drawing blood cultures prior 
to starting antibiotic therapy is most likely a useful intervention to improve quality of patient care and 
patient safety. These data underline the importance of an integrated, multidisciplinary approach in 
antimicrobial, infection prevention and diagnostic stewardship (AID) 5.  
References:  
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2. Abu Omar Y. et al. Eur J Cardiothorac Surg 2017, 51:10–29.  
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