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Dear colleagues,  
 
We cordially invite you to this year’s Annual Meeting of the German Center for Infection 
Research (DZIF) in Heidelberg.  
 
Virtually every day, we see just how much infection medicine is gaining in importance, not 
only owing to breakouts of seasonal illnesses. We are also seeing a growing significance of 
multiresistant bacteria. Furthermore, we are facing germs from various regions around the 
world entering Germany due to high levels of travel and migration.  
 
The German Center for Infection Research is specialised in translational research that 
utilises insights from basic biomedical research into clinical application. For this reason, we 
have defined various overarching topics for the conference in Heidelberg, which the DZIF 
research fields and infrastuctures (TTUs and TIs) can and shall present. In addition, we 
would like to call attention to interaction and overlapping with other German Centers for 
Health Research. This is why we have planned a symposium in collaboration with the 
German Center for Lung Research (DZL) to address common aspects of lung infection 
research.  
 
It will feature presentations, a poster exhibition and additional opportunities to share experi- 
ences. The setting in and surrounding the Heidelberg Stadthalle is also conducive to good 
and intensive communication. We believe this conference will provide the opportunity to 
further strengthen networking inside the DZIF and with other health research centers.  
 
 
We are looking forward to welcoming you in Heidelberg from 3 to 4 December 2018.  
 
Best regards, 
 
 
Your Conference Chairs  
Prof. Dr. Klaus Heeg 
Prof. Dr. Hans-Georg Kräusslich 
PD Dr. Dr. Angelika Riemer 
Prof. Dr. Stephan Urban 
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Keynote Lectures 
 
Bacterial lectins as targets for diagnostics and antiinfectives  
 
A. Titz 
Helmholtz Institute for Pharmaceutical Research Saarland, HIPS, Saarbrücken, Germany  
 
 
Pseudomonas aeruginosa causes a substantial number of nosocomial infections and is the leading cause of 
death of cystic fibrosis patients. This Gram-negative bacterium is highly resistant against antibiotics and 
further protects itself by forming a biofilm. Moreover, a high genomic variability among clinical isolates 
complicates therapy.  
 
Its lectin LecB, a carbohydrate-binding protein, is a virulence factor and necessary for adhesion and biofilm 
formation.[1] We analyzed the sequence of LecB variants in a library of clinical bacterial isolates and 
demonstrate that it can serve as a marker for strain family classification. LecB from the highly virulent model 
strain PA14 presents 13% sequence divergence with LecB from the well characterized PAO1 strain. Despite 
several amino acid variations at the carbohydrate binding site, glycan array analysis showed a comparable 
binding specificity for both variants.[2] 
  
Based on the crystal structures of the lectin with its glycan ligands, we dissected the contributions of 
individual functional groups to protein binding in a biophysics-guided approach. This knowledge was then 
used for the development of small and drug-like glycan-based molecules as LecB inhibitors as future anti-
biofilm compounds in chronic P. aeruginosa infections.[3-7] Multiparameter optimization yielded potent anti-
biofilm compounds for both strain types and oral availability in mice.[8] 
  
Thus, the different LecB sequences serve as marker for strain classification, but due to comparable ligand 
selectivity, LecB is a highly promising target for anti-virulence therapies, addressing members from both P. 
aeruginosa families, PAO1 and PA14.  
 
In contrast, LecA binds galactosides with much lower affinity hampering therapeutic intervention at this 
target. Therefore, we have developed the first covalent inhibitor of a lectin and employed this LecA-specific 
irreversible inhibitor for LecA-dependent biofilm imagining of P. aeruginosa.[9]  
 
  
References:  
[1] Wagner, S.; et al. J. Med. Chem. 2016, 5929-5969.  
[2] Sommer, R.; et al. Chem. Sci. 2016, 7, 4990-5001.  
[3] Sommer, R.; et al. ChemistryOpen 2015, 4, 756-767.  
[4] Hofmann, A.; et al. Carbohydr. Res. 2015, 412, 34-42.  
[5] Sommer, R.; et al. PLoS ONE 2014, 9(11): e112822.  
[6] Hauck, D.; et al. ACS Chem. Biol. 2013, 8(8), 1775-1784.  
[7] Beshr, G.; et al. Med. Chem. Commun. 2016, 7, 519-530.  
[8] Sommer, R.; et al. J. Am. Chem. Soc. 2018, 140(7), 2537-2545.  
[9] Wagner, S.; et al. Angew. Chem. Int. Ed. Engl. 2017, 56, 16559-16564. 
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Interim Results of a Multicentre, Open-Label Phase 2 Clinical Trial (MYR203) to Assess 
Safety and Efficacy of Myrcludex B in Combination with Peg-Interferon Alpha 2a in Patients 
with Chronic HBV/HDV Co-Infection 
 
H. Wedemeyer1, K. Schöneweis2, P. O. Bogomolov3, N. V. Voronkova4, V. Chulanov5, T. Stepanova6, B. 
Bremer7, P. Lehmann7, R. Raupach7, L. Allweiss8,9, M. Dandri8,9, S. Ciesek10, U. Dittmer10, W. E. Haefeli11,12, 
A. Alexandrov2, S. Urban12,13 
1Department of Gastroenterology and Hepatology, Essen University Hospital, 2Myr GmbH, 3Hepatology, 
State Budgetary Institution of Healthcare, 4Hepatology, Moniki, 5Central Research Institute of Epidemiology, 
6Modern Medicine Clinic, Moscow, Russian Federation, 7Department of Gastroenterology, Hepatology and 
Endocrinology, Hannover Medical School, 8Department of Internal Medicine, University Medical Center 
Hamburg-Eppendorf, 9Lübeck-Borstel Partner Site, German Center for Infection Research (DZIF), 10Institute 
of Virology, University Hospital Essen, 11Department of Clinical Pharmacology and Pharmacoepidemiology, 
Heidelberg University Hospital, 12Heidelberg Partner Site, German Center for Infection Research (DZIF), 
13Department of Infectious Diseases, Molecular Virology, Heidelberg University Hospital 
 
Background:  Myrcludex B (MyrB) is an NTCP-receptor specific first-in-class entry inhibitor developed to 
treat Hepatitis B (HBV) and Hepatitis D Virus (HDV) infected patients. MyrB monotherapy for 24w induced 
continuing serum and intrahepatic HDV RNA decline in a forgoing phase 2 trial (MYR202), without affecting 
HBsAg. We now present interim results of a phase 2 study on HBV/HDV co-infected  patients receiving 2mg 
MyrB alone or two doses of MyrB  daily plus  peg-interferon α 2a (PEG-IFNα) compared to PEG-IFNα alone 
for 48w.  
 
Methods: 60 HBeAg-negative patients with chronic HBV/HDV co-infection were randomized in 4 arms. 
Patients received 180 µg PEG-IFNα once weekly (A) or MyrB s.c. at 2mg (B) or 5mg (C) once daily plus 
PEG-IFNα, or MyrB alone (D) for 48w. Treatment-free follow-up was 24w. Primary endpoint was serum HDV 
RNA negativation at w72; secondary endpoints included HDV RNA negativation at w48, ALT normalization, 
and >1log HBsAg reduction.  
 
Results: Safety: MyrB was well tolerated with 123 drug-related AEs at w48 (mild n=101, moderate n=20, 
severe n=2) mainly caused by total bile acid increase. The majority of reported AEs (n=425) were related to 
PEG-IFNα. No SAE was reported during the 48w treatment period.  Efficacy: At w48, serum HDV RNA levels 
declined in all MyrB treatment arms (median reductions from baseline: 4.59 log10 IU/ml  in B (n=15), 5.33 
log10 IU/ml  in  C  (n= 14), and 2.47 log10 IU/ml in D (n=14)). PEG-IFNα alone reduced HDV RNA by 1.95 
log10 IU/ml.  HDV RNA was undetectable in 2/15 (A), 10/15 (B), 8/14 (C) and 2/14 (D) patients at w48. ALT 
normalization at w48 was pronounced in arm D (10/14) compared to 4/14 in arm A, 4/15 in arm B and 6/15  
in arm C. Remarkably, HBsAg levels declined by >1log10 in 7/15 (B) and in 3/14 (C) patients treated with 
MyrB/PEG-IFNα combination (HBsAg negativation in 2/15 in B). No HBsAg change was observed under 
monotherapy. Eight paired biopsies available from patients in arm D showed intrahepatic HDV RNA decline 
of median 1.80log10 and reduction in necroinflammation (6/8) and in liver fibrosis (4/8) at w48. A median 
2.4log10 HDV RNA reduction was observed in the combination groups (arms B+C n=5). All arms showed 
strong reduction of HDAg-positive cells. Conclusion: Administration of MyrB for 48w alone and in 
combination with PEG-IFNα was safe. Combination therapy showed a strong synergism on HDV RNA 
decline and induced profound HBsAg declines in a substantial number of patients. This study provides first 
evidence that entry inhibition by Myrcludex B in combination with PEG-IFNα bears curative potential for 
chronic HDV and HBV infection. 
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Symposium I: Resistance Mechanisms 
 
ST 1 
 
Humanized mice recapitulate species-specific Ebolavirus pathogenesis 
 
B. Escudero Perez1, 2, P. Ruibal1, M. Rottstegge1, 2, A. Lüdtke1, K. Hartmann3, S. Gómez Medina1, 2, J. 
Müller-Guhl1, 4, E. V. Nelson1, 2, S. Krasemann3, E. Mühlberger5, E. Rodriguez4, C. Muñoz Fontela1, 2 

1Bernhard Nocht Institute for Tropical Medicine, Hamburg, Germany, 2German Center for Infection Research 
(DZIF), Partner Site Hamburg, Hamburg, Germany, 3Institute for Neuropathology, University Medical Center 
Hamburg Eppendorf, Hamburg, Germany, 4Heinrich Pette Institute for Experimental Virology, Hamburg, 
Germany, 5National Emerging Infectious Diseases Laboratories, Boston University, Boston, United States 
 
Filoviruses of the genus Ebolavirus include five species with marked differences in their ability to cause 
disease in humans. From the highly virulent Ebola virus to the seemingly nonpathogenic Reston virus, case-
fatality rates can range between 90-0%. In order to understand the molecular basis of these differences is 
imperative to establish disease models that recapitulate human disease as faithfully as possible. Non-human 
primates are the gold-standard models for filovirus pathogenesis, but comparative studies are skewed by the 
fact that Reston virus infection can be lethal for NHP. Here we have used severely immunodeficient mice 
reconstituted with human hematopoiesis to evaluate Ebolavirus pathogenesis in a human-like environment. 
Our results demonstrate that ‘humanized’ mice recapitulate the differences in ebolavirus pathogenicity 
observed in humans. Strikingly, while significantly less pathogenic than their genus companions, Reston 
virus killed 20% of infected mice, a finding that was linked to exacerbated inflammation and viral replication 
in the liver. Our findings point out at humanized mice as a putative model to test the pathogenicity of newly 
discovered filoviruses, and warrants further investigations on Reston virus pathogenesis in humans. 
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ST 2 
 
Retrospective analysis of Enterobacter species reveals the cosmopolitan existence of 
highly pathogenic E. bugandensis 
 
S. Doijad, C. Imirzalioglu, T. Chakraborty 
Institute for Medical Microbiology, Justus-Liebig University, and German Center for Infection Research 
(DZIF), Partner Site Gießen-Marburg-Langen, Campus Gießen, Justus-Liebig University, Gießen, Germany 
 
Enterobacter species are members of antimicrobial resistant ‘ESKAPE’ group pathogens. Enterobacter 
bugandensis is a recently described highly pathogenic bacterial species implicated in a neonatal outbreak in 
Buganda, Tanzania that had an overall mortality rate of 35%. Due to its extreme similarities in phenotypic 
and genetic characteristics to other species of the genus Enterobacter, we attempted to identify E. 
bugandensis retrospectively from sequenced genomes of Enterobacter species in public databases.  
We used a whole genome sequence (WGS)-based approach to assess the taxonomic profile of all isolates 
that are classified as members of Enterobacter. Strains identified as of E. bugandensis were further 
characterized using phylo- and comparative-genomic analysis.  
The WGS-based approach classified 30 among a collection of 1499 isolates previously identified as E. 
cloacae to be E. bugandensis. Metadata of these newly identified isolates indicates the presence of E. 
bugandensis in clinical and environmental sources from China, India, Norway, UK, USA as well as from the 
International Space Station (ISS). The earliest isolates date to 1999. The genomo-species of E. bugandensis 
harbor unique virulence genes including long polar fimbriae (lpfA), invasin and a type 2 section system 
(T2SS). Comparative analysis indicates these unique virulence genes were acquired from other members of 
β-proteobacteria through horizontal gene transfer. We have developed in silico probes for rapid identification 
of the E. bugandensis.  
In conclusion, a WGS-based approach provides the highest resolution required to identify bacteria 
unambiguously. Here we show that E. bugandensis occurs ubiquitously but has remained unrecognized for 
at least nearly 20 years. As E. bugandensis is the most pathogenic species of the genus Enterobacter 
currently known, an extended study to identify this bacterium in diagnostic laboratories worldwide, based on 
either using simple nucleic acid-based assays and/or mass spectroscopic methods is now warranted. 
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Persistence of HCV resistance-associated substitutions after treatment failure and 
implications for treatment 
 
J. Dietz1, 2, J. Vermehren1, 2, T. M. Welzel1, 2, J. Petersen3, K. Matschenz3, C. Antoni4, B. Müllhaupt5, S. 
Mauss6, C. Niederau7, T. von Hahn8, 9, J. Schulze zur Wiesch10, 11, C. Neumann-Haefelin12, C. Berg13, T. 
Berg14, S. Zeuzem1, 2, C. Sarrazin1, 2, 15 

1Department of Internal Medicine I, Goethe-University Hospital, Frankfurt am Main, Germany, 2German 
Center for Infection Research (DZIF), External Partner Site Frankfurt, Germany, 3Institute for Interdisciplinary 
Medicine IFI, Hamburg, Germany, 4Department of Internal Medicine II,, University Hospital Mannheim, 
Mannheim, Germany, 5Swiss Hepato-Pancreato-Biliary Center and Department of Gastroenterology and 
Hepatology, University Hospital Zürich, Zürich, Switzerland, 6Center for HIV and Hepatogastroenterology, 
Düsseldorf, Germany, 7St. Josef-Hospital, Katholisches Klinikum Oberhausen, Oberhausen, Germany, 
8Department of Gastroenterology, Hepatology and Endocrinology, Medizinische Hochschule Hannover, 
Hannover, Germany, 9German Center for Infection Research (DZIF), Hannover Site, Germany, 10I. 
Department of Medicine, Infectious Disease Unit, University Medical Center Hamburg-Eppendorf, Hamburg, 
Germany, 11German Center for Infection Research (DZIF), Hamburg Site, Germany, 12Department of 
Medicine II, University Hospital Freiburg, Freiburg, Germany, 13Department of Gastroenterology, Hepatology, 
and Infectiology, University Hospital Tübingen, Tübingen, Germany, 14Section of Hepatology, Department of 
Gastroenterology and Rheumatology, University Hospital Leipzig, Leipzig, Germany, 15St. Josefs-Hospital, 
Wiesbaden, Germany 
 
Background: With currently approved direct acting antivirals (DAAs) for the treatment of chronic hepatitis C, 
the majority of patients can be cured with SVR rates (sustained virologic response) of >95%. Virologic 
treatment failure is associated with the selection of HCV resistance associated substitutions (RASs) in the 
majority of patients. However, the persistence of RASs especially within the HCV NS5A and NS5B genes 
after treatment failure is largely unknown. In the present study, we investigated the long-term kinetics of 
RASs in different HCV genes and genotypes after treatment failure.  
Methods: Within the European Resistance Database we collected samples of 1012 individuals with a DAA 
treatment failure. Limited clinical and virological parameters were documented retrospectively. Altogether 
401 failure patients with full data sets were subjected to this analysis, including 90 patients with sequential 
samples. Population-based sequencing of the HCV NS3, NS5A and NS5B genes was conducted and RASs 
with a >2-fold increased DAA drug susceptibility were analyzed.  
Results: Treatment failure was observed after treatment with different regimens, 11% did not respond to 
simeprevir (SMV)/sofosbuvir(SOF) (n=43) and 15% (n=58) had no response to 3D treatment 
(paritaprevir/ombitasvir/dasabuvir). Further 50% (n=201) failed to ledipasvir (LDV)/SOF, 20% (n=80) to 
daclatasvir (DCV)/SOF and 4% (n=19) to velpatasvir (VEL)/SOF. In Protease-inhibitor experienced patients 
(SMV and 3D), NS3 RASs were present in 93% of GT1a and 56% of GT1b infected patients within the first 3 
months after end of treatment (EOT). NS3 RASs declined to 70% in GT1a and 18% only in GT1b within 13-
24 months of follow-up (FU). In patients with failure to the NS5B nucleotide inhibitor SOF, the S282T RAS 
within NS5B was rare and was found in one individual with GT3 until FU 4-6 only, however was not 
detectable anymore during FU13-24. Non-nucleoside NS5B inhibitor RASs were present in 64% of GT1a 
and 89% of GT1b patients during EOT-FU3 and these RASs declined to 50% in GT1a and 60% in GT1b until 
FU7-12. NS5A inhibitor failures (LDV, DCV, VEL, 3D) harbored high rates of NS5A RASs reaching 96% in 
GT1a, 93% in GT1b and 93% in GT3 during EOT-FU3. Remarkably, NS5A RASs were still detectable in 
69% of patients with GT1a, 97% with GT1b and 71% with GT3 until FU13-24, indicating a long half-life of 
NS5A RASs in comparison to NS3 and NS5B RASs. Overall, NS5A RASs in patients with GT1b persisted for 
the longest time.  
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HCVPersistenz1 
 
 
Conclusions: NS3 and NS5B RASs vanished fast during the first 12 months after treatment failure. NS5A 
RASs persisted for a long time until FU24 in the majority of patients. As NS5A inhibitors are part of all current 
HCV treatment regimens, this has implications for a retreatment especially in countries where multiple target 
retreatment options are not available. 
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ST 4 
 
MecB mediates beta-lactam resistance in different Staphylococcus aureus strain 
backgrounds 
 
S. van Alen, U. Kaspar, N. Schleimer, E. Idelevich, G. Peters, K. Becker 
Institute of Medical Microbiology, University Hospital of Münster, Münster, Germany 
 
Background: In staphylococci, the methicillin resistance genes mecA and mecC, both chromosomally located 
within a SCCmec element, are responsible for beta-lactam resistance. In macrococci, mec homologues 
(mecB and mecD) are present, which can be both chromosome- or plasmid-borne. Recently, a multidrug 
resistance plasmid encoding the mecB gene was discovered in a clinical Staphylococcus aureus isolate (1). 
This leads to the question whether and to what extent mecB mediates methicillin resistance in different S. 
aureus strain backgrounds. In addition to the molecular resistance mechanism, this study aimed to 
investigate whether the expression of the mecB operon is inducible by beta-lactam antibiotics. 
Materials/methods: The mecB-encoding plasmid was cured by serial passages on non-selective blood agar 
resulting in a plasmid-cured variant of S. aureus strain UKM4229 (UKM4229-PCV). The mecB gene together 
with its native promotor was cloned into the E. coli – S. aureus shuttle-vector pExpr1 and was introduced in 
different S. aureus strain backgrounds. For comparison, mecA and mecC genes were introduced into the 
same strain backgrounds. Antimicrobial susceptibility testing for cefoxitin and oxacillin was performed 
according to CLSI guidelines using broth microdilution. The expression of mecB, mecI and mecRI in 
presence of subinhibitory concentrations of oxacillin was measured by real-time quantitative PCR.  
Results: While the plasmid-cured variant UKM4229-PCV showed considerably reduced cefoxitin and 
oxacillin minimum inhibitory concentraions (MICs) of 4 and 0.5 µg/ml, respectively, complementation with 
mecB led to an increase of cefoxitin and oxacillin MICs of 16 µg/ml. Interestingly, mecB mediated beta-
lactam resistance in all tested MSSA strain backgrounds (RN4220, NE1868 and W44646∆mecC) with MIC 
values raging between 16 to 32 µg/ml for cefoxitin and oxacillin. In comparison, expression of mecA or mecC 
yielded higher cefoxitin MICs ranging between 16 and 128 µg/ml or 32 and 256 µg/ml, respectively. For 
oxacillin MICs between 64 and 128 µg/ml or 32 and 128 µg/ml were found. The expression of mecB in 
presence of subinhibitory concentrations of oxacillin was increased 60-fold whereas the expression of mecI 
and mecRI was only increased 1.1- or 1.6-fold, respectively.  
Conclusions: The discovery of plasmid-borne methicillin resistance in staphylococci and the fact that mecB is 
able to mediate beta-lactam resistance in different S. aureus strain backgrounds reveals a putative new level 
of risk concerning the transferability of methicillin resistance between staphylococci.  
(1) Becker K, van Alen S, Idelevich EA, Schleimer N, Seggewiß J, Mellmann A, Kaspar U, Peters G. 
Plasmid-encoded transferable mecB-mediated methicillin resistance in Staphylococcus aureus. Emerg Infect 
Dis 2018; 24:242-248. 
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Modification of vancomycin leads to conjugates that overcome all types of resistance 
 
F. Umstätter1, C. Domhan2, P. Uhl1, B. Beijer1, C. Kleist1, K. Leotta1, S. Zimmermann3, M. Wink2, K. D. Klika4, 
U. Haberkorn1, T. Hertlein5, K. Ohlsen5, W. Mier1 

1Heidelberg University Hospital, Heidelberg, Germany, 2Institute of Pharmacy and Molecular Biotechnology, 
Heidelberg University, Heidelberg, Germany, 3Department of Infectious Diseases, Karl-Ruprechts-
Universität, Heidelberg, Germany, 4Core Facility Molecular Structure Analysis, German Cancer Research 
Center, Heidelberg, Germany, 5Institute for Molecular Infection Biology, Würzburg, Germany 
 
While there are numerous drugs available for treating bacterial infections, there is only a few of compounds 
capable to serve as last resort for severe infections. Moreover, as the number of cellular targets vulnerable 
by drugs is limited, the endless chase: loss of drugs due to resistance and the development of novel 
compounds results in the exhaustion of the pool of essential compounds. Most of the drugs that have been 
perfected to a target originate from perennial natural evolution. The continuous depletion of this pool of 
natural products is the main reason why efficacious antibiotics fail upon occurrence of multiresistant 
microbial strains. Consequently, the key principle of antibiotic development should be the optimization of the 
longstanding compounds to restrict the development of resistance either by attacking bacteria using multiple 
mechanisms and/or reinforcement of the mode of action.  
Vancomycin is the most common antibiotic for the treatment of multi-drug resistant infections caused by 
Gram-positive bacteria. Unfortunately, vancomycin-resistant bacteria have become an increasingly difficult-
to-treat cause of nosocomial infections. In order to obtain novel derivatives that are able to overcome 
vancomycin resistance, a variety of derivatives was obtained by conjugation at four different sites on 
vancomycin (see figure 1).   

 
Figure 1: Chemical structure of the novel vancomycin derivatives. 
 
 
The novel compounds were studied with respect to their in vitro antimicrobial activity, pharmacokinetics and 
in vivo performance in an animal model. As exemplified for the lead compound FU002 (see figure 2), the 
derivatives show a strong effect on vancomycin-resistant enterococci in the three major types of resistance 
(vanA, vanB, vanC). A staphylococcus infection model was used to study whether this in vitro activity 
correlates with “drugability”, i.e. therapeutic application in a sepsis mouse model. Indeed, the lead candidate 
FU002 was proven to be highly effective in the reduction of the colony forming units in the liver of Balb/c 
mice infected with the MRSA strain USA300 LAC. This emphasizes an additional advantage of the novel  
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compounds: modification allows modulating the pharmacokinetics of vancomycin and thus the prevention of 
its aberrant renal accumulation.  
In conclusion, the novel compounds show excellent in vitro performance to break the level of resistance of 
the most common vancomycin resistance (vanA, vanB and vanC). If this level of performance can be 
translated to therapeutic application in vivo, the compounds offer great potential as future therapeutics for 
antibiotic-resistant Gram-positive bacteria.  
  

 
Fig. 2: Antimicrobial activity of vancomycin and FU002. The determination of the MIC values on different resistant strains shows that 
FU002 breaks all levels of vancomycin resistance, what highlights our new development strategy. 
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Alpha-Ketomides as potential inhibitors of HCoV-229E and HCoV-NL63 replication 
 
D. R. Bairad1, S. Schwinghammer1, Y. Ma-Lauer1, B. von Brunn1, R. Hilgenfeld2, A. von Brunn1 

1Max von Pettenkofer-Institut, Virology, and DZIF partner site Munich, LMU Munich, Munich, Germany, 2Dep 
of Biochemistry, University of Lübeck, and DZIF partner site Lübeck, Lübeck, Germany 
 
The SARS and MERS epidemics vividly revealed that we now live in a ‘‘global village,’’ and that an infectious 
disease emerging anywhere in the world has the potential to spread globally in a short period of time. 
Coronaviruses are enveloped viruses with a single-stranded RNA genome of positive polarity. This is the 
largest known RNA genome, with a size of 27–32 kb. However, in spite of the high mortality and morbidity 
caused by these viruses, there are no approved drugs available for clinical treatment. All the coronaviruses 
require the main protease to process the viral polyprotein into the many components of the 
replication/transcription complex (RTC) on at least 11 cleavage sites.  
In this study we have used different protease-inhibiting α-ketoamides in cell culture models which showed 
micromolar-range IC50 inhibition values against HCoV-229E and in a cell type- dependent manner against 
HCoV-NL63 viruses. We have also examined their impact on pre-entry and post-entry phases of the 229E 
viral life cycle. Moreover, we studied the potential of the protease inhibitors to induce resistant mutations 
within the 229E genome. Huh7 cells were infected with 229E virus in the presence of protease inhibitors at 5 
µM and 10 µM concentrations and propagated for 10 serial passages. After 10 passages viral genomes were 
sequenced using Illumina NGS. Mutation patterns were compared to passaged control (seed) viruses and to 
published sequences. Preliminary interpretation of NGS data reveal the emergence of differential patterns of 
various numbers of mutations in several viral ORFs but not in the protease. 
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Biosynthesis and engineering of hydroxamic acid-containing antibacterial inhibitors of the 
peptide deformylase 
 
F. Leipoldt1, F. Wolf1, J. Santos-Aberturas2, A. Kulik3, D. Wibberg4, J. Kalinowski4, H. Gross1, A. Truman2,  
L. Kaysser1 

1Pharmaceutical Institute, University of Tübingen, Tübingen, Germany, 2Department of Molecular 
Microbiology, John Innes Centre, Norwich, United Kingdom, 3Interfaculty Institute of Microbiology and 
Infection Medicine, University of Tübingen, Tübingen, Germany, 4Center for Biotechnology (CeBiTec), 
Bielefeld, Germany 
 
Actinonin is an actinobacteria-derived metalloproteinase inhibitor with potent inhibitory activity towards the 
peptide deformylase (PDF). Because PDF is an essential bacterial enzyme that is required for protein 
maturation, actinonin exhibits strong antimicrobial effects against Gram-positive bacteria. On this basis, 
actinonin has served as a lead compound for the development of new antibiotic drug candidate e.g. 
GSK1322322 that is currently tested in clinical trials phase II. Actinonin features a dipeptide backbone 
consisting of a hydroxymethyl pyrrolidinyl moiety and valine which is connected to a rare N-hydroxy-alkyl-
succinamic acid moiety that functions as a metal-chelating warhead. A similar warhead is also found in the 
antibiotic protease inhibitors matlystatins and a few other compounds. In order to fuel our genome-guided 
approach to discover new metalloprotease inhibitors with antimicrobial activity we elucidated the 
biosynthesis of actinonin and the matlystatins [1,2]. We were able to show that the N-hydroxy-alkyl-
succinamic acid warhead is generated by an unprecedented variation of the ethylmalonyl-CoA pathway and 
a dedicated N-hydroxylase. Moreover, we present evidence that the remarkable structural diversity of 
matlystatin congeners originates from the activity of a single decarboxylase-dehydrogenase enzyme and 
exploited this mechanism to direct the biosynthesis of non-natural matlystatin derivatives. Our work paves 
the way for follow-up studies on these fascinating pathways and allows the identification of PDF inhibitors by 
genome mining.  
 
[1] F. Wolf, F. Leipoldt, A. Kulik and L. Kaysser "Characterization of the actinonin biosynthetic gene cluster.” 
ChemBioChem (2018), 19(11):1189-1195.  
[2] F. Leipoldt*, J. Santos-Aberturas*, D.P. Stegmann, F. Wolf, A. Kulik, R. Lacret, D. Popadić, D. 
Keinhörster, N. Kirchner, P. Bekiesch, H. Gross, A.W. Truman* and L. Kaysser* "Warhead biosynthesis and 
the origin of structural diversity in hydroxamate metalloproteinase inhibitors." Nature Communications 
(2017), 8(1):1965.  
* equal contribution 
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Am80 (tamibarotene), an agonist of the retinoic acid receptor α, specifically inhibits 
hepatitis B viral transcription 
 
S. Nkongolo1, 2, F. A. Lempp1, 2, L. Nußbaum1, B. Qu1, S. Urban1, 2, Y. Ni1, 2 

1University Hospital Heidelberg, Center for Infectious Diseases, Molecular Virology, Heidelberg, Germany, 
2German Center for Infection Research (DZIF), Heidelberg, Germany 
 
Hepatitis B virus (HBV) infection is a major global health problem with the need of new therapeutic options. 
Using a high-content screening for new components against HBV and hepatitis D virus (HDV) and follow-up 
experiments, we found that retinoic acid receptor (RAR) agonists can inhibit HBV infection in different cell 
culture systems (presented at the DZIF Annual Meeting 2017). Am80, a specific agonist for RARα which is 
approved in Japan for the treatment of promyelocytic leukemia, had a particularly high activity against HBV. 
The well-known function of RARs is regulation of gene transcription; however, how RAR agonists negatively 
regulate HBV replication is unknown. Am80 treatment of 6 days inhibited an already established HBV 
infection by >90% with IC50s <1 nM, with a persisting effect even after removal of the drug, in differentiated 
HepaRG-NTCP cells and primary human hepatocytes (PHH). HBV genotypes B, D, and E were equally 
responsive to the treatment. Correlating to the reduction of secreted hepatitis B viral antigens, all viral RNAs 
were also reduced. By contrast, the levels of covalently closed circular DNA (cccDNA) were not significantly 
affected by Am80 treatment. We found the strongest effect in HepaRG-hNTCP cells and PHH. The initially 
weaker effect in HepG2-hNTCP cells could be increased to the same level as in authentic cell lines by a 
prolonged treatment period of 6 weeks. There was no evidence that the HBV-inhibiting effect of Am80 is 
mediated by the pattern recognition factor RIG-I: RIG-I was not upregulated by Am80 treatment; 
overexpression of RIG-I and MDA5 in HepG2-NTCP cells did not impair HBV susceptibility or abrogate the 
effect of the drug on infection. Am80 neither decreased viral marker secretion of cells transfected with a 
plasmid encoding the HBV genome, nor viral marker secretion of cells carrying integrated HBV DNA such as 
HepG2.2.15. The drug inhibited an HBV mutant lacking the HBV core protein equally to the wild-type virus. 
By contrast, an HBV mutant lacking the HBx protein, which is important for efficient viral transcription, was 
distinctly less inhibited by Am80. Subsequent addition of a lentivirus encoding HBx could hardly rescue the 
infection, consistent with the previously observed persistent inhibition by Am80. Chromatin 
immunoprecipitation revealed specific binding of RARα to HBV DNA. In conclusion, the RAR α-specific 
agonist Am80 strongly and persistently inhibits HBV infection. Our results indicate that this effect is mediated 
by binding of RARα and interference with transcription from viral cccDNA. Clinically approved RAR agonists 
are available, which may allow for a fast translation for efficacy trials in HBV patients. 
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MAVACHE: a Dose and Schedule Optimization Trial of Intravenous Immunization Against 
Malaria With PfSPZ Vaccine 
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Introduction: The only way to consistently achieve complete protection from Plasmodium falciparum (Pf) 
malaria is by immunization with whole attenuated P. falciparum sporozoites (PfSPZ). The next step in clinical 
development of PfSPZ-based malaria vaccines is to develop a simplified and highly efficacious regimen. The 
rationale of the MAVACHE trial was to optimize the immunization regimen of PfSPZ Vaccine with radiation-
attenuated, aseptic, purified, vialed and cryopreserved P. falciparum sporozoites of the strain NF54 (W. 
African isolate), which is safe and well tolerated, followed by verification of optimal regimens to evaluate 
protection against homologous and heterologous controlled human malaria infection (CHMI).  
 
Methods: The study consisted of a dose optimization phase and a regimen verification phase. In the dose 
optimization phase groups of 6 volunteers were vaccinated sequentially using a pre-specified algorithm to 
identify the shortest efficacious regimen, followed by homologous CHMI with 3,200 PfSPZ Challenge (NF54) 
three weeks after last vaccine injection. In the verification phase 18 volunteers were randomly allocated to 
placebo (n=6) or PfSPZ Vaccine (n=12) vaccination, followed by repeat CHMI with two P. falciparum strains 
three and eight weeks following last vaccination. Allocation to the two vaccination arms was double-blind, as 
was the sequence of repeat CHMI: all volunteers were inoculated with homologous PfSPZ Challenge (NF54) 
and heterologous PfSPZ Challenge (7G8, Brazilian isolate); half NF54–7G8, half 7G8–NF54 to control for 
potential carry-over. 
  
Results: Immunization with PfSPZ Vaccine, given on Days 0, 7 and 28 at a dose of 9x105 PfSPZ each (total 
dose: 2.7x106) protected 5/5 volunteers, whereas all shorter regimen had protective efficacies <75%; not 
satisfying our pre-specified threshold for testing in the verification phase. Hence, the 0-7-28 regimen was 
chosen as immunization regimen for the double-blind, placebo controlled regimen verification phase of the 
study. All immunization regimes were well tolerated. No serious adverse event (SAE) occurred in the 
optimization phase of the study. One volunteer of the placebo group within the regimen verification phase 
had a SAE, which was not related to vaccination or CHMI. Until unblinding of the study, 192 adverse events 
(AE) occurred, from which 3 were graded as severe and 88 were considered to be related to the trial. Three 
of 12 volunteers receiving PfSPZ Vaccine developed malaria during first CHMI (2 NF54, 1 7G8), 2 during 
second CHMI (1 NF54, 1 7G8). Protective efficacy was similar in CHMI using heterologous and homologous 
P. falciparum strains. Overall protection was achieved in 19 of the 24 CHMIs. Carry-over immunity between 
first and second CHMI was observed (p=0.04).  
 
Conclusion: The 0-7-28 vaccination regimen is highly efficacious against homologous and heterologous P. 
falciparum strains. 
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The measles virus-based vaccine platform is highly immunogenic against emerging 
pathogens and induces long-lasting immunity 
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Recombinant measles vaccine viruses (MV) constitute a promising vector platform to immunize against other 
pathogens by additionally encoding antigens of those. We used MV to construct vaccine candidates against 
three different newly emerging viruses: Middle East Respiratory Syndrome coronavirus (MERS-CoV), 
influenza A virus subtype H7N9, and Zika virus (ZIKV).  
  
MERS-CoV emerged in Saudi Arabia in 2012 from dromedary camels as the main zoonotic reservoir. Over 
2,200 people in 27 countries have been infected with MERS-CoV with a case fatality rate of approx. 35%, 
but human-to-human transmission fortunately remained low. To be prepared for future epidemic spread, we 
generated MV encoding the nucleoprotein N or the spike glycoprotein S of MERS-CoV in its full-length 
version, or as a soluble variant. H7N9 is an avian influenza type A virus, which emerged in China in spring 
2013. Since then, it has caused more than 1,500 human infections with a mortality of 39%. We constructed 
recombinant MV vaccine strain additionally encoding full-length versions of the neuraminidase (N9)- or 
hemagglutinin (H7)-encoding genes. Zika virus (ZIKV) is a mosquito-borne flavivirus which causes 
considerable problems in South America due to associated congenital birth defects since 2015. We acquired 
a recombinant MV that encodes ZIKV prM and a soluble variant of E (MV-Zika-sE).  
  
No matter what antigen was encoded, all recombinant MV replicated with vaccine-strain kinetics, and we 
could demonstrate expression of the additional foreign antigens in infected cells. After immunization of MV-
susceptible IFNAR-/--CD46Ge mice, antibodies binding these additional antigens were induced and were 
functional. Moreover, antigen-specific T cell responses were induced by all vaccine candidates. For the 
H7N9 candidates the immune responses were long-lived and still evident 2 years post vaccination. 
Moreover, all candidates also induced robust anti-measles immunity.  
  
Finally, challenge experiments to test the efficacy of induced immune responses against MERS-CoV or ZIKV 
were set up. Challenge of mice vaccinated with MV-MERS-S or MV-MERS-solS revealed a significant 
reduction of MERS-CoV titers in lung tissue and considerably reduced inflammation. To test the efficacy 
against the teratogenic effects of ZIKV infection, vaccinated female mice were mated, and pregnant mice 
were challenged with ZIKV. Plasma viremia was monitored, and organs and fetuses were harvested 5 or 8 
dpi. ZIKV viremia in vaccinated dams was not detectable or restricted to a single blip, while control-
vaccinated animals experienced considerably higher and sustained viremia. ZIKV RNA load in dam organs, 
in placentas, and in fetal heads was significantly reduced in vaccinated mice, as well as the teratogenic 
effects.  
  
In summary, these results highlight the potential of recombinant MVs to be developed as safe, immunogenic 
and easily producible emergency vaccines against emerging pathogens. 
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Neutrophils as targets for host-directed therapy against tuberculosis 
 
T. Dallenga1, 2, U. Repnik3, L. Linnemann1, H. Tijani1, C. Leschczyk1, R. Reimer2, 4, G. Griffiths3,  
U. E. Schaible1, 2 

1Research Center Borstel, Borstel, Germany, 2TTU TB, German Center for Infection Research, Borstel, 
Germany, 3Department of Biosciences, University of Oslo, Oslo, Norway, 4Heinrich-Pette-Institut, Hamburg, 
Germany 
 
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 complex strains differentially induce 
necrosis of human neutrophils in an ESX-1-dependent manner. Necrosis was a prerequisite for 
mycobacterial growth in human macrophages as well as dendritic cells 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 phagocytosing macrophages to control mycobacterial growth, an intervention that we recently 
successfully applied also in vivo in mice. This highlights neutrophil-related molecules as putative targets for 
host-directed therapy. Moreover, we analyze neutrophil signatures in patient’s sputum to access disease 
severity and treatment success and to establish point-of-care diagnostics. 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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The clinical phase 1 MVA-MERS-S vaccine trial shows the vaccine to be safe, well-tolerated 
and eliciting immune responses 
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Following the Ebola disease epidemic of 2013-2016, the World Health Organization established a Research 
and Development “Blueprint for action to prevent epidemics”, listing a panel of emerging pathogens that are 
particularly likely to cause severe future outbreaks and for which no or limited countermeasures exist. Efforts 
to create vaccines against these pathogens have therefore been declared a priority. Middle East Respiratory 
Syndrome Coronavirus (MERS-CoV), the causative agent of MERS, represents one of them.  
 
We conducted an open-label, single-center, clinical phase 1 vaccine trial of an investigational vaccine 
containing a modified vaccinia Ankara vector expressing the MERS-CoV spike (S) protein MVA-MERS-S, 
which has been shown to be immunogenic and safe in small and large animal models. The study was funded 
by the German Center for Infection Research (German: DZIF) as part of the TTU Emerging Infections.  
 
 We vaccinated a total of 23 individuals with two ascending doses of 107 (12 subjects) and 108 (11 subjects) 
plaque-forming units MVA-MERS-S, respectively, in a prime-boost regimen (vaccinations on days 1 and 28) 
and are following the participants for a total of 180 days post vaccination to assess the safety, tolerability and 
immunogenicity of the vaccine. Here, we present the results we have obtained up to date, which include data 
up to study day 56 in all subjects. The vaccine is safe and generally well tolerated and serious adverse 
events (SAEs) did not occur. The AEs occurred mostly during the first days after vaccination and frequent 
AEs included local reactions to the vaccination as well as fatigue, headaches and gastrointestinal symptoms. 
We are furthermore assessing the immunogenicity of the vaccine by ELISA and full virus neutralization 
assays with preliminary data showing the vaccine to be immunogenic with induction of binding and 
neutralizing MERS-S-specific antibodies.  
  
This pilot first-in-man vaccine trial lays the foundation for a larger phase 1b vaccine trial as part of a recently 
CEPI (“Coalition for Epidemic Preparedness Innovations”)-funded consortium with the mission to move the 
clinical development of the MVA-MERS-S vaccine into phase 2 clinical development.  



Symposium IV: Infections of the Lung 

 27 

 

Symposium IV: Infections of the Lung 
 
ST 11 
 
Genetic determinants of severe respiratory syncytial virus infections in infants 
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1Institute of Experimental Virology, TWINCORE, Hannover, Germany, 2Department of Pediatric Pneumology, 
Allergology, and Neonatology, Hannover Medical School, Hannover, Germany, 3Institute for Medical 
Informatics and Biometry, Carl Gustav Carus Faculty of Medicine, TU Dresden, Dresden, Germany, 
4Department of Molecular and Medical Virology, Ruhr-University Bochum, Bochum, Germany, 5Institute for 
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Background:  
Human respiratory syncytial virus (hRSV) is the most common cause of lower respiratory tract infections in 
infants. Some hRSV infected children only show mild cold-like symptoms whereas others suffer from severe 
bronchiolitis. Severe infections affect approximately 1% of young children, causing 50,000 to 200,000 deaths 
annually. Until now, genetic factors responsible for disease severity are incompletely defined. Detailed 
knowledge of such genetic determinants and their impact on the pathogenesis will help to develop new 
diagnostic measures for risk assessment, new therapeutic approaches for RSV infections and preventive 
strategies.  
 
Methods:  
We collected biomaterial from pediatric patients aged between 0-2 years and suffering from severe RSV 
infection (IRIS cohort). From this cohort, 101 children (36 females/65 males) were subjected to whole exome 
sequencing analyses (WES). Severe infection was defined by oxygen saturation below 92 % and necessity 
of hospitalization. Since interferon-regulated immune responses are critical for the defense of RSV infections 
and the course of the disease, we focused on 5142 genes that either trigger expression of interferons, or 
contribute to interferon signaling or are controlled by interferons. In total 30,039 single nucleotide 
polymorphisms (SNPs) mapped to these genes. Heterozygosity and homozygosity counts in our cohort as 
well as in an ethnically matched sub-cohort of the Exome Aggregation Consortium (ExAC) were used to 
calculate the significance of association of variants with severe RSV infection. Collectively, 218 coding 
polymorphisms mapping to 84 genes were significantly associated with severe RSV infection. To identify 
polymorphisms directly influencing RSV infection, associated genes expressed in primary human airway 
epithelial cells were silenced and the impact on RSV infection was quantified. Moreover, their expression 
upon RSV infection of air-liquid interface cultures of human airway epithelial cells was quantified with single 
cell resolution.  
 
Results:  
Several new viral restriction or dependency factors were identified including proteins involved in cellular ER-
stress response and regulation of ER-associated protein degradation (ERAD), in inflammatory cytokine 
signaling and a protein kinase activated by double-stranded RNA which mediates the effects of interferon in 
response to viral infection. 
 
Conclusion:  
This integrated approach combining clinical phenotyping, WES, variant calling/association and functional 
screening provides a new example for discovery of genetic traits and protein functions affecting the course 
and outcome of infectious diseases. 
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Outcome predicting transcriptional signature in patients with M/XDR-TB 
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Tuberculosis remains a threat to global health with almost 2 Million deaths annually. Emergence of drug-
resistant strains of Mycobacterium tuberculosis is a matter of concern since therapy outcomes are 
discouraging. Multidrug-resistant tuberculosis (MDR-TB) is defined by bacillary resistance against rifampicin 
and isoniazid and extensively drug-resistant TB (XDR-TB) is defined by MDR-TB plus bacillary resistance 
against at least one fluoroquinolone and one second-line injectable drug. Drug-resistance patterns are highly 
heterogeneous in M/XDR M. tuberculosis strains in Europe.  
The World Health Organization (WHO) recommends standardized treatment durations of 20 months for most 
patients with M/XDR-TB, not accounting for the host’s immune status, the extent of the disease or the 
pathogen’s drug-resistance pattern. Personalized therapy with individualized drug regimens and 
individualized treatment durations will reduced the risk of relapse and reduce the frequency of adverse 
events due to lengthy drug exposure. Biomarkers that may indicate for the optimal time point for therapy 
termination are highly desired for the clinical management of patients with M/XDR-TB.  
We conducted a multi-center study (DZIF German M/XDR-TB Cohort, training set) enrolling patients with 
non-M/XDR-TB and M/XDR-TB at 5 centers in Germany. Patients with M/XDR-TB were enrolled at the DZIF 
Eastern European Study Site (EESS, validation set). For both cohorts, whole blood RNA samples were 
taken at pre-defined time points during therapy. In addition, we enrolled healthy controls at the Research 
Center Borstel (RCB). Whole blood transcriptomics were measured at the RCB (Agilent® platform). Therapy 
outcomes were evaluated following TBNET treatment outcome definitions. Statistical analysis was performed 
using R and GeneSpring.  
RNA from training set (n=56) and validation set patients (n=46), and from 19 healthy controls (HC) were 
isolated for transcriptomics. Global transcriptional analysis revealed signaling pathways mainly related to 
IFN-γ pathways in TB patients. Using machine-learning algorithms, we identified a six-gene signature in the 
training set to differentiate TB patients from HC with high accuracy (AUC=98.8%). This signature predicted 
therapy outcome in therapy naïve patients (cure vs. failure) very early during therapy (AUC=93.8%). Test 
results were successfully applied on the validation set (AUC of 100% after 4 weeks of therapy). On the basis 
of this signature a numerical score for therapy monitoring and mortality prediction was developed.  
In conclusion, DZIF TTU TB identified and validated a six-gene transcriptional signature to classify TB 
patients at high risk for treatment failure and/or death. 
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Mycobacterium tuberculosis exploits WNT6-induced perturbation of host lipid homeostasis 
to facilitate growth in macrophages 
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M. Leitges3, J. Rupp4, C. Lange1, 4, S. Niemann1, 4, C. Hölscher1, J. Behrends1, T. Goldmann1, 4,  
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The emergence of multi- and extensively drug-resistant Mycobacterium tuberculosis (Mtb) strains urgently 
necessitates alternative approaches to improve Tuberculosis (TB) treatment and control. One option is to 
interfere with the formation of lipid-laden “foamy” macrophages in the host as these cells are exploited by 
intracellular Mtb to access lipids as predominant carbon source. Here, we present a novel mechanism of 
how Mtb promotes neutral-lipid accumulation and bacterial growth via the WNT family member 6 (WNT6). 
We demonstrate (i) abundant WNT6 expression in foamy-like macrophages within the lungs of TB-patients 
and experimentally infected mice, (ii) WNT6-driven accumulation of triacylglycerol-rich lipid droplets, and (iii) 
WNT6-induced expression of key lipid metabolic enzymes. Furthermore, Wnt6-deficiency and 
pharmacological inhibition of WNT6-dependent key lipid metabolic enzymes significantly abolished Mtb 
growth and necrotic cell death in primary macrophages. We propose that the WNT6 dependent pathway of 
fatty acid metabolism is a novel target for a host-directed therapy impairing intracellular replication of Mtb. 
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Defining a signature for distinct disease states in pulmonary tuberculosis using RNA 
sequencing 
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Klinikum der Universität München, LMU, München, Germany 
 
Current international guidelines recommend treatment for drug susceptible pulmonary tuberculosis (TB) for 6 
months, and 9 to 12 months for treatment of some forms of extra-pulmonary TB. Tools for diagnosing are 
unsatisfactory and scientist all over the world are on a quest for developing better ones. Several host RNA 
signatures from whole blood have been described in recent years. All of these aimed active disease and 
LTBI in cohorts of adults or paediatric patients or to assess for disease progression. Still, biomarkers to 
guide treatment and to allow monitoring of treatment response are urgently needed. Hence, we intended to 
systematically study the impact of host markers on discriminating different “disease states” and early 
prediction of treatment outcome (favourable or unfavourable).  
  
Whole blood tempus tubes were obtained from the PanACEA study’s (Boeree et al., 2017) standard 
treatment arm (HRZE) with additional inclusion criteria for subjects who culture converted within 26 weeks of 
treatment and number of lung cavities (≤ 1). Subjects were classified in groups for early (≤56 weeks, n=14) 
and late culture conversion (>56 weeks, n=17). Another sub-group involved subjects that had undergone a 
new TB diagnostic technique called the TAM-TB assay (n=12), however these subjects were not stratified 
based on treatment regimen or lung cavities. RNA was extracted for a total of 43 subjects on 4 time-points 
(baseline, 2, 12 and 26 weeks) followed by RNA quantity and quality checks and library preparation. RNA-
sequencing was carried out using Illumina NextSeq500 technology. Data sets were assessed with FASTQC 
to ensure sufficient quality. Samples were aligned against the Human Reference Genome (Build 38 patch 
release 12 (GRCh38.p12)) using STAR. Reads mapping to genomic features were counted using 
FeatureCounts and differential gene expression was computed using DESeq2.  
  
530 genes were found to be significantly differentially expressed (SDE, Adjusted p-value < 0.01 abs (log2 
Fold Change >1) between samples taken at week 0 and week 26.. Of these 386 genes (72.83%) were up-
regulated and 144 (27.17%) were down-regulated at week 0. SDE genes encompassed a number of GO 
terms including responses to interferon-gamma, defence regulation and stress, as well as regulation of 
complement and T-helper 1 immune responses. Further analysis towards a transcriptomic signature for a 
favourable treatment outcome is currently on going.  
  
Using the precious biological samples of the PanACEA study, we describe the pattern of differential gene 
expression between two different “disease states” of TB, the “active TB” and the ‘cured” state, in patients 
following successful treatment for 6 months with no relapse within a 2 year follow up. Further analysis is on-
going and will include comparison of our findings to published RNA signatures to see if they validate on our 
cohort. Results will be finalised and ready for presentation at the December 2018 DZIF meeting. 
 



Symposium V: Global Intervention Effectiveness 

 31 

Symposium V: Global Intervention Effectiveness 
 
ST 14 
 
Crossectional Study Reveals Promising Biomarker to Distinguish Malaria Tropica from 
Bacterial Bloodstream Infections 
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Background The correct differential diagnosis of malaria in Sub-Saharan Africa remains challenged by 
overlapping symptoms with viral, bacterial and other parasitic pathogens, as well as limited laboratory 
capacities. Our group set out to investigate whether cytokine expression profiles of febrile children could be 
used to correctly distinguish between malaria and bacterial induced sickness.  
  
Methods We measured 55 cytokines in blood serum samples previously collected from children in rural 
Ghana. Of the samples available, 30 from confirmed bacteremia cases and 38 from malaria tropica cases 
were selected. We applied classification trees of single cytokines to preselect the most promising variables 
for the modeling process. To account for the high dimensionality of the data, we estimated predictive 
accuracy by constructing 100 random forest models with random test and training allocation of the samples, 
and reporting the range of accuracy among these models. To further test the loss of accuracy in smaller 
models, we used a backward model selection algorithm that would eliminate the least important variable of 
100 random forest models and re-run the algorithm until the smallest model of one cytokine was obtained.  
  
Results 39 of the 55 cytokines measured, presented the required data quality. Fifteen further showed 
promising predictive strength and were included in the modeling process. Median predictive accuracy varied 
strongly between random forest models and ranged from 62% to 88% correctly classified children. The 
backwards model selection further revealed, that a combination of nine cytokines achieved the highest 
median prediction accuracy of 88%. Of these nine cytokines contributing the most, one predominantly 
remained the last marker in the model.  
  
Conclusion Cytokine-based models show promising predictive power in distinguishing malaria from 
bacteremia in children. These findings however require further validation, as the selected sample was small 
and accuracy varied strongly between models with different random seeds. 
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The HIV2EU project: current strategies and tools for the care of HIV-2 infective/positive 
individuals living in Europe 
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Background: HIV-2 estimated number of infections is between 1-2 million worldwide. This virus is endemic in 
some countries in West Africa. France and Portugal report the highest numbers of individuals diagnosed in 
Europe with HIV-2 (>1,000). In Europe, Individuals from West Africa countries and subjects with high-risk 
sexual contacts to persons from these countries should be tested for a possible HIV-2 infection or dual 
infection when HIV antibody tests are reactive and offered a specific treatment. Due to the lower prevalence 
in industrialized countries, there is limited clinical experience and knowledge in the management of HIV-2 
infections, which differs in some critical points to that for HIV-1. In fact, only a few national guidelines exist.  
 

Methods: we integrated the published literature on HIV-2 (studies and reports on epidemiology, diagnostics, 
clinical course, treatment) as well as expert experience in diagnosing and clinical care including monitoring 
and antiretroviral treatment of HIV-2 infection to provide evidence-based recommendations for practical 
medical care of HIV-2 infected (HIV2+) individuals in European countries.  
 

Results: This work summarizes all available information about diagnostic and clinic of HIV-2 infections. 
Based on this, it includes recommendations for the management of diagnostics, time to initiate treatment and 
bioinformatics tools for resistance- and tropism-testing before first- or second-line treatment start. As 
diagnostic and treatment for HIV-1 differs from HIV-2, we present here two lists of HIV-2 resistance- and 
CCR5/CRCX4 tropism-mutations as well as the web-based bioinformatics systems HIV-grade 
(http://www.hiv-grade.de), the ANRS website (http://www.hivfrenchresistance.org) and the geno2pheno 
system (http://coreceptor-hiv2.geno2pheno.org). This work also gives an overview of the drugs effective for 
the treatment of HIV2+ patients and suggest combinations for first- and second line treatments, post-
exposition prophylaxis, prevention of mother-to-child transmission and for potentially child bearing women.  
 

Discussion: Just like the virological features of HIV-2 are different from HIV-1, there are specific 
characteristics regarding diagnostic procedures, clinical course and, most importantly, in the antiretroviral 
therapy of HIV-2 infections. This proposal for European guidelines comprise recommendations for the 
management of HIV-2 diagnostics and the time to initiate treatment, resistance- and tropism-analysis before 
first- or second-line treatment start using specific HIV-2 bioinformatics tools 
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The silent reservoir of P. falciparum during the dry season 
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The dry season represents a challenge for Plasmodium falciparum in many regions of the globe. Drought 
limits mosquitoes to only part of the year and malaria parasites remain within the human host for the dry 
season months, while no clinical malaria cases occur, waiting for transmission in the ensuing wet season. 
We compared transcriptiomes of parasites maintained in asymptomatic children during the dry season, and 
parasites of children presenting with clinical malaria in the ensuing transmission season. Next Generation 
Sequencing identified close to a third of the Plasmodium genome to be differentially expressed in parasites 
maintained in asymptomatic children, highlighting an evolutionary pressure to adapt to a vector free 
environment to survive and reach the ensuing transmission season without host detection. Indeed, we 
observe that, during the dry season, parasites have little to no ability of inducing an immune response which 
could lead to the parasite’s clearance or host’s pathology. Moreover, the presence of low level clinically silent 
parasitaemias does not prevent the decrease of P falciparum specific antibodies. Our data suggest that 
during the dry season P. falciparum alters its metabolic activity, which may impact their replicative capacity 
favouring silent persistence during the mosquito free periods of the year. 
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vancomycin-resistant enterococci in a high-risk setting – preliminary results from the 
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Background: The incidence of colonisation and infection by vancomycin-resistant enterococci (VRE) has 
increased worldwide. Recent studies report particularly high rates in hematology and oncology departments. 
The evidence for the effectiveness of contact precautions for patients colonised by these multidrug-resistant 
organisms is very limited.  
 
Methods: We performed a prospective cohort-study at four German hematology/oncology departments 
throughout 2016. All study sites screened patients for VRE on admission, weekly and before discharge. Two 
sites performed single room contact precautions for patients colonized or infected by VRE (SCP sites), the 
other two did not (NCP sites). Collected isolates from all VRE patients were subjected to whole genome 
sequencing and core-genome multi-locus sequence typing (cgMLST) to assess clonal relatedness. The latter 
was defined as a maximum difference of 10 alleles by cgMLST. Screening adherence, hand hygiene 
compliance and antibiotic exposure both at patient and ward level were assessed as potential confounders.  
 
Results: In one year, 1,645 patients with 3,193 hospitalisations from SCP sites and 1,434 patients with 2,487 
hospitalisations from NCP sites were included. Hospital-acquired colonization or infection was significantly 
less frequent at SCP sites (7.2%) as compared to NCP sites (12.6%; p<0.001). Bloodstream infections were 
rare events in both groups with 4 and 2 cases in SCP and NCP sites, respectively (p=0.426). cgMLST 
revealed a notably high rate of clonal relatedness in all study sites with clusters of up to 65 isolates. Inclusion 
of patient movement data showed patient-to-patient transmission as per protocol in 85 (5.1%) of SCP 
patients and 133 (9.3%) of NCP patients (p<0.001). Of note, cgMLST also showed a high frequency of clonal 
relatedness among strains across different study sites.  
 
Conclusions: In this multicenter cohort-study, applying single room contact precautions for patients colonised 
or infected with VRE was associated with a significantly lower rate of hospital-acquisitions and potential 
transmissions of VRE, but not with fewer invasive infections. Further investigations should elucidate reasons 
for closely related strains across study sites, as found in our study. 
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Evaluation of candidate species in reducing gastrointestinal Pseudomonas aeruginosa 
colonization 
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Background: The gastrointestinal tract contains an extremely complex bacterial community capable of 
protecting its host from colonization and infection by pathogenic/opportunistic organisms. Patients 
undergoing immunosuppression are particularly vulnerable to nosocomial germs, including infections due to 
extensively drug-resistant (XDR) Pseudomonas aeruginosa, as gastrointestinal colonization and eventual 
translocation are favored under prophylactic broad spectrum antibiotic treatment. This project aims to identify 
microbiota-based mechanisms and develop interventions for preventing, reducing, or clearing 
gastrointestinal colonization with Pseudomonas aeruginosa.  
 
Materials/Methods: To better understand how the microbiota is affected by colonization with Pseudomonas 
aeruginosa and vice-versa, we established a C57BL/6 mouse model wherein the strain PAO1 consistently 
colonizes the gut after oral exposure. Subsequent metagenomic analyses based on shotgun sequencing of 
native stool samples collected before and during colonization, as well as after fecal transplantation via oral 
gavage, provided taxonomic and functional data, indicating candidate species for further intervention trials. 
We present the culture-based and quantitative PCR results from preliminary gnotobiotic experiments, as 
derived from said data: C57BL/6 mice were mono-associated with Faecalibaculum rodentium and 
Lactobacillus reuteri; candidate and control germs, respectively. Afterwards, both groups were orally 
challenged with PAO1 via drinking water. Relative levels of gastrointestinal colonization with PAO1 were 
evaluated over time, by using selective agars for CFU counts and with quantitative PCR.  
 
Results: Pseudomonas aeruginosa consistently overcomes colonization resistance, but repeated fecal 
transplantation resulted in a notable reduction of CFU. Metagenomic analyses indicated potential candidate 
species for preventing, reducing, or clearing gastrointestinal colonization with PAO1, including 
Faecalibaculum rodentium. Subsequent gnotobiotic experiments demonstrated a significant difference in the 
course of colonization with PAO1, indicating possible protective effects in the early weeks after exposure. 
Further corroboration via quantitative PCR is underway; additional gnotobiotic experiments, including 
additional candidate species and germ combinations, are in the planning phase. 
 
Conclusions: Fecal transplantation reduces the CFU of Pseudomonas aeruginosa in this preclinical setup, 
demonstrating the potential of the approach. Shotgun sequencing and taxonomic as well as functional 
analyses indicate candidate species for microbiota-based interventions to potentially prevent, reduce, or 
clear colonization with PAO1. Microbiota-based approaches may provide an alternative to antibiotic 
interventions in the fight against nosocomial infections, especially in light of the looming threat of an 
increasingly post-antibiotic era. 
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Background: Asymptomatic Clostridium difficile colonization is regarded as a prerequisite for C. difficile 
infection (CDI) and often precedes symptomatic disease. While emerging insights into the role of the 
commensal microbiota in mediating colonization resistance against C. difficile have associated CDI with 
specific microbial components, corresponding data on colonization with C. difficile are largely unavailable. 
 
Aim: To prospectively identify microbiota-associated risk factors for healthcare-related C. difficile acquisition.  
 
Material and Methods: 1506 patients were recruited into a prospective observational study (SPECTRUM 
trial (DRKS00005335); German Center for Infection Research, DZIF) upon admission into one of five 
academic hospitals. 936 of them provided two fecal samples and were thus available for longitudinal 
analysis. C. difficile status was assessed by glutamate dehydrogenase (GDH) EIA and real-time PCR 
targeting the toxin A (tcdA) and B (tcdB) genes. 16S V3 and V4 gene sequencing results from fecal samples 
of patients tested positive for C. difficile were analyzed by assessing alpha and beta diversity, LefSe (Linear 
discriminant analysis Effect Size), and the Piphillin functional inference approach to estimate functional 
capacity.  
 
Results: Upon hospital admission, 5.5% and 3.72% of patients were colonized with toxigenic (TCD) and 
non-toxigenic C. difficile (NTCD), respectively. During hospitalization, 1.7% had a de novo positive tcd gene 
PCR test result. Risk factors for acquisition of TCD and/or NTCD included pre-existing lung diseases, 
diabetes and recent lower GI endoscopy. Alpha and beta diversities were not significantly different between 
tcd gene negative samples on admission and positive fecal samples at discharge (p = 0.08 and p = 0.85, 
respectivley). Species negatively associated with healthcare-related C. difficile acquisition included 
Gemmiger spp., Odoribacter splanchnicus, Ruminococcus bromii and other Ruminococcus spp.. The most 
significantly underrepresented predicted metabolic pathway was steroid biosynthesis.  
 
Conclusion: In this prospective, multicentric study, components of the commensal microbiota and metabolic 
pathways were identified which are negatively associated with healthcare-related C. difficile acquisition. 
These findings indicate the existence of species that can protect not only against CDI, but also C. difficile 
colonization. 
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Objectives: The aim of this study was to analyse the presence of carbapenemase-encoding genes in a 
global collection of 266 carbapenem-resistant Acinetobacter baumannii (CRAB) clinical isolates and to 
determine their clonal relatedness and molecular epidemiology.  
  
Material and methods: In total 266 CRAB isolates collected between 2012 and 2016 from 97 worldwide 
study centres as part of the Tigecycline Evaluation Surveillance Trial (T.E.S.T.) were investigated. 
Resistance to imipenem and meropenem was confirmed by broth microdilution and E-test. Genomic DNA of 
all isolates was purified by the Mag-Attract HMW DNA Kit (Qiagen) and analysed by whole genome 
sequencing (WGS) using the MiSeq Illumina platform (250bp paired-end sequencing). The obtained reads 
were assembled de novo using Velvet and were subjected to in silico multilocus sequence typing (MLST) 
according to the Oxford (Ox) and Pasteur (Pa) schemes. By combination of the sequence types of both 
schemes (STOx; STPa), their associated clonal complexes (CCOx; CCPa), and the variant of the intrinsic blaOXA-

51-like the isolates were assigned to the eight established international clones (ICs). Finally, the acquired 
resistome was identified using ResFinder, especially with interest to acquired carbapenemase-encoding 
genes (CEG).  
  
Results: Acquired CEG were present in 97% of the isolates, with blaOXA-23-like accounting for 75% and blaOXA-

40-like for 18%. All results for CEG are summarized in Table 1 . Nine carbapenem-resistant isolates (3%) did 
not harbour any acquired CEG and were only positive for ISAba1 upstream of intrinsic blaOXA-51-like (USA,8; 
Chile,1). In 23 isolates with an acquired CEG ISAba1 upstream of intrinsic blaOXA-51-like was also present. 
Metallo-enzymes were rarely found; four isolates carried blaNDM-like (Egypt,2; Italy,1; Belgium,1) and one 
Philippine isolate harboured blaIMP-like.  

 
Regional distribution of acquired carbapenemase-encoding genes 
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Out of 266 isolates 245 could be assigned to the eight established ICs. IC2 was the leading group with 62% 
followed by IC5 with 14% and IC1 with 8%. IC1 and IC2 were present in all participating regions. All isolates 
from IC5 were collected in Latin America or the USA (Texas). Among the 21 isolates not belonging to one of 
the eight established ICs, six isolates harboured blaOXA-94 and were assigned to STPa85 (CCPa464) and 
STOx1752, respectively SLVs (STOx1580) or DLVs, (CCOx1078). These isolates originated from Belgium, 
Egypt, Italy and Pakistan and thus represent a new international clone, IC9. All results for ICs are shown in 
Table 2 .  
 
There was no correlation between IC and CEG.  

 
Regional distribution of ICs 
 
 
  
Conclusion: In our international collection of CRAB, blaOXA-23-like is the predominant acquired 
carbapenemase, but distinct differences in regional distribution of carbapenemases were observed. IC2 is by 
far the leading IC. The six isolates not matching any established IC, but sharing a similar combination of 
CCOx, CCPa and blaOXA-51-like-variant, represent the new IC9. 
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Integration of viral DNA into host cell genome occurs early in HBV infection. HBV DNA integrations arise 
when HBV double-stranded linear (dsl)DNA acts as a substrate for the repair of cellular DNA breaks. 
Intriguingly, HBV DNA integration has been detected in most patients with HBV infection, despite this form 
not being necessary for new virion production. Of clinical importance, HBV DNA integration may drive cancer 
and viral persistence (e.g. as a source of HBV immunomodulatory surface antigen). It remains unknown if 
HBV actively drives its integration or if it occurs passively through cellular DNA repair factors. Thus, we 
explored HBV DNA integration and its dependence on various viral factors.  
  
First, Huh7-NTCP cells were infected with either wild-type or a core antigen-knockout HBV mutant. 
Integration was detected using inverse nested PCR. Both viruses integrated at the same rate, indicating that 
HBV DNA integration can occur without formation of de novo reverse-transcribed virus genomes. Next, we 
compared integration resulting from 1) HBV infection, 2) transfection of DNA extracted from cell culture-
derived HBV, and 3) transfection of a linearized plasmid-derived 1-mer of HBV DNA. All groups integrated at 
similar rates, suggesting HBV integration does not depend on viral proteins or RNA in the input virus but only 
needs the presence of dslDNA. Supporting this, we found that HBV integration by serum-derived HBV 
containing ~6% dslDNA was ~5-fold lower compared to cell culture-derived HBV at ~30% dslDNA. 
Interestingly, we found that circulating dslDNA increases from HBeAg-positive (average = ~10%) to HBeAg-
negative (~25%) phase in patient serum with the greatest levels observed in HCC patients (>50%). This 
suggests that HBV DNA integration increases as liver disease progresses. Finally, we used a novel RT 
inverse nested PCR assay to show that HBV DNA integrations are transcriptionally-active in primary tumour 
and surrounding non-tumour tissues in HBV-infected patients (n=12). Thus, HBV DNA integrations can 
indeed contribute to the expression of HBsAg in a true infection. 
  
In summary, HBV dslDNA integrates into the cellular genome without the help of specific viral protein factors. 
Rather, it is likely to occur through cellular DNA repair mechanisms. As HBV integrations (unlike the 
replicative episomal viral DNA form) are not lost during regenerative cell mitosis, they form a stable reservoir 
for HBV antigen expression in an infected liver. Our studies are now being extended using HBV inocula with 
specific mutations in circularisation signals to see if higher dslDNA levels lead to higher integration rates. If 
HBV integration does indeed drive persistence and resistance to clearance by the immune response as 
reported, then prevention of ongoing integration (e.g. by inhibiting virus entry) should be considered. 
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Introduction  
The prevalence of clinically-relevant antibiotic-resistant Gram-negative bacteria, in particular those encoding 
Extended-spectrum beta-lactamases (ESBL) and/or carbapenemases, is not known. We isolated antibiotic-
resistant bacteria from water and sediment samples and analysed their genomes. 
  
Material and methods 
Gram-negative bacteria (n=134) were isolated from water and sediment samples (rivulets, wastewater, 
surface water) using selective media. The isolates were subjected to species determination and antibiotic 
susceptibility testing. From these, 33 multi-drug resistant bacterial isolates were whole-genome sequenced 
and analysed for the presence of antibiotic resistance genes, virulence determinants. In addition, multilocus 
sequence typing (MLST) was performed.  
  
Results  
Eighty nine percent of all isolates had potential clinical relevance (e.g. Acinetobacter baumannii, Escherichia 
coli and Klebsiella pneumoniae). Two E. coli sequence types (ST) associated with human clinical infections 
(ST-131 and ST-1485) were detected. Two further E. coli isolates harbored the mobile colistin resistance 
gene mcr-1. A Klebsiella pneumoniae carried the plasmid pLVPK and an Integrative conjugative element 
classifying it as a hypervirulent Klebsiella pneumoniae isolate. A highly resistant Pseudomonas aeruginosa 
isolate harbored a large number of virulence genes and is associated with severe lung infections in cystic 
fibrosis patients was also detected. Acinetobacter baumannii isolates were water-specific or environmental 
and unrelated to clinical isolates.  
  
Discussion  
The detection of clinically relevant isolates in recreational and surface water samples raises several 
questions: 1. What is the role of water as a reservoir for and in the transmission of such isolates and 2. What 
is the prevalence of these bacteria and other MDR and clinically relevant bacteria in water in Germany?  
In conclusion, water may play an important role in the dissemination of clinically relevant bacterial isolates. 
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Introduction  
Recently, the Extended-spectrum beta-lactamase (ESBL) blaCTX-M-27 has emerged in human fecal E. coli 
isolates, particularly in sequence type (ST) ST131, a clone that has a worldwide distribution. Here we report 
on the first detection of blaCTX-M-27 in clonal populations of ST206 in an animal population.  
  
Material and methods  
Bacterial isolates were isolated from 240 faecal droppings from different birds in commercial poultry farms 
from five states (Ondo, Ogun, Oyo, Ekiti and Osun) of Southwestern Nigeria and identified by MALDI-TOF. 
Antibiotic susceptibility testing was performed by VITEK®2. All identified E. coli isolates (n=52) were 
analysed by whole genome sequencing and in silico analyses of antibiotic resistance genes, multilocus 
sequence types (ST) and plasmids.  
  
Results  
The prevalence of ESBL-producing E. coli accounted for 22% of all isolates. Whole-genome sequencing 
(WGS) and analysis of these isolates revealed that only seven different STs were present, with ST206 being 
the most common one (69%). All ST206 E. coli isolates harbored blaCTX-M-27 in the chromosome (known to be 
predominantly present in ST131) and were present in different farms. Two sub-clones were identified, which 
differed only in the presence of an IncHI2 plasmid harboring multiple additional resistance genes. A 
comparative analysis with other ST206 isolates from all over the world indicated that the isolates from 
Nigeria represent an independent local clone.  
  
Discussion  
Our results show presence of blaCTX-M-27-producing ST206 in an animal population. The presence of a 
predominant clone indicates a common source of these bacteria, e.g. a hatchery supplying the different 
farms.  
The genome-based epidemiology of blaCTX-M-27-producing ST206 isolates shows the expansion of unrelated 
clones harboring blaCTX-M-27. This may have been driven by plasmids or other mobile elements. 
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Objectives: In Germany, previous reports have demonstrated transmitted HIV-1 drug resistance mutations 
(DRM) in 11% of newly diagnosed individuals, highlighting the importance of drug-resistance screening prior 
to initiation of antiretroviral therapy (ART). Here, we sought to understand the molecular epidemiology of HIV 
DRM transmission in the Cologne-Bonn region of Germany, given one of the highest rates of new HIV 
diagnoses in Western Europe (13.7 per 100,000 habitants).  
 
Methods: We analysed 714 HIV-1 ART naïve infected individuals diagnosed at the University Hospitals 
Cologne and Bonn between 2001 and 2016. Screening for DRM was performed according to the Stanford 
University Genotypic Resistance Interpretation. Shared DRM were defined as any DRM present in 
genetically linked individuals (<1.5% genetic distance). Phylogenetic and network analyses were performed 
to infer putative relationships and shared DRMs.  
 
Results: Transmission network analysis found a total of 217/714 (30.4%) genetically linked individuals 
forming 77 clusters and ranging in size from 2 to 8.  

 
HIV-1 transmission cluster of pre-treatment drug resistance in the Cologne-Bonn region. 
 
The prevalence of any DRM at time of diagnosis was 17.2% (123/714 participants). Genetic transmission 
network analyses showed comparable frequencies of DRM in clustering vs. not clustering individuals (17.1%  
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versus 17.5 %). The observed rate of DRMs in the region was significant higher than previous reports 
(<0.001), revealing the need to reduce onward transmission in this area. Genetically linked individuals 
harbouring shared DRMs were more likely to live in suburban areas than in Central Cologne (p<0.001).  
 
Conclusion: The rate of DRMs was exceptionally high in the Cologne/Bonn, area. Network analysis 
elucidated frequent cases of shared DRMs among genetically linked individuals, revealing the potential 
spread of DRMs and the need to prevent onward transmission of DRM in the Cologne-Bonn area. 
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Background: Bloodstream infections (BSI) are among the most severe bacterial infections, associated with 
major morbidity and mortality. Burden of disease is commonly underrated, due to follow-up usually being 
limited to the hospital stay; long-term severe sequelae including their impact on quality of life (QoL) and/or 
degradation in cognition and functional capacity are unclear. The study investigates epidemiological, clinical 
and microbiological variables associated with an increased risk for long-term outcomes and reduced QoL in 
patients with BSI.  
 

Objectives: The study aims to define major short- and long-term determinants of sepsis outcomes in a large 
cohort of ICU (intensive care unit) and non-ICU patients, correlating clinical and epidemiological data with 
microbiological and molecular analyses.  
 

Methods: An ongoing prospective cohort study at 6 German university hospitals. BSI target organisms are 
Staphylococcus aureus, Enterococcus spp., Escherichia coli, Klebsiella spp., Enterobacter spp., 
Pseudomonas aeruginosa, and Acinetobacter baumannii. Major outcomes are: Mortality and morbidity up to 
discharge/after 6 months; incidence of target and multidrug-resistant (MDR) bacteria. Strains will be 
analyzed with whole genome sequencing.  
 

Results: Inclusion began 02/2017. Until August 8th 2018, the project included a total of 1750 patients: 1090 
males (62%); mean age 67 (18 to 98). The most frequent comorbidities were malignancies with 44% 
(740/1694). The majority of BSI (1041, 60%) were due to Gram-negative bacteria: E. coli 668 (64%), 
Klebsiella spp. 212 (20%), Enterobacter spp. 108 (10%), and P. aeruginosa 89 (8%). The most common 
Gram-positive bacteria were S. aureus (448, 59%), Enterococcus faecium (170, 22%) and Enterococcus 
faecalis 153 (20%). MDR bacteria were detected in 206 patients (12%): 3/4MRGN in 119 (58%); MRSA in 42 
(20%), VREs in 46 (22%). The rate of nosocomial infections was 44% overall and 52% in MDR BSI. The 
overall in-hospital mortality rate was 24% (428/1750) and the 6-month mortality rate was 31% (180/583). BSI 
due to MDR bacteria were associated with an in-hospital morality rate of 33% (68/206); specifically, 
3/4MRGN 28% (33/119); MRSA 40% (17/42); VRE 39% (18/46). Overall median LOS (length of stay) from 
sampling of the 1st positive blood culture was 11 days (0 to 171) and 12 days (0 to 111) in MDR BSI. The 
most common complications during hospitalization were renal failures (34%, 574/1687), admission to an 
intensive care unit (ICU) (41%, 721/1689), requirement of catecholamines (25%, 424/1698) and mechanical 
ventilation (23%, 409/1689). 
 

Conclusions: In a German cohort E. coli is the most common etiological agent of BSI. Overall in-hospital 
mortality was higher in patients with BSI due to MDR bacteria. Sepsis in Germany correlates with high 
morbidity and mortality; knowledge of epidemiological, clinical, and microbiological drivers of both short- and 
long-term clinical outcome is essential to reduce the burden. 
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The cationic polypeptide colistin is a last-resort antibiotic against infections caused by multidrug-resistant 
(MDR) Gram-negative pathogens. Recently, a plasmid-borne colistin resistance mechanism (mcr-1) was 
detected and its global dissemination reported, posing a potential challenge to public health worldwide (1). 
The mcr-1 encodes for a member of the family of membrane-bound phosphoethanolamine (pEtN) 
transferases that catalyse the transfer of pEtN group onto the glucosamine-disaccharide of lipid A in the 
outer leaflet of the bacterial outer membrane (2). The crystal structure of the complete MCR-1 protein has 
not been solved and an in-depth biochemical analysis dissecting the detailed molecular mechanism of mcr-
1-mediated colistin resistance is lacking.  
  
Here we report on a comprehensive analysis of MCR-1-based resistance to colistin examined under in vitro 
and in vivo conditions. An isogenic variant of a naturally occurring IncX4 plasmid lacking mcr-1 and a vector 
encoding recombinant mcr-1 gene were generated to follow the changes in lipopolysaccharide structure and 
colistin resistance during bacterial growth. The deletion of the mcr-1 led to colistin susceptibility of bacteria 
due to the loss of phosphoethanolamine (pETN)-modified lipid A as determined by matrix-assisted laser-
desorption ionization time-of-flight mass spectrometry (MALDI-TOF-MS). We purified full-length protein by 
solubilization in the detergent micelles followed by purification using an immobilized metal-affinity 
chromatography (IMAC). The catalytic activity of purified MCR-1 was successfully verified by cleavage of the 
acyl-NBD-PE substrate as monitored by fluorescence-based thin layer chromatography (TLC), and thus 
confirmed that the enzyme adopted an active conformational state in the n-Dodecyl β-D-maltoside (DDM) 
micelles. We produced MCR-1-specific monoclonal antibodies and used either in immunostaining or for 
immunoblotting to detect mcr-1-expressing bacteria.  
 
In conclusion, our results will enable detailed structure/function studies of MCR-1 enzyme providing clues to 
design novel compounds targeting mcr-1-expressing pathogens. Generation of novel monoclonal anti-MCR-
1 antibodies will improve the screening of mcr-1-producing Enterobacteriaceae in diagnostic settings and 
contribute to surveillance efforts to constrain multidrug resistant Gram-negative pathogens.  
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Background: Acinetobacter pittii (Ap) is a nosocomial pathogen, belonging to the Acinetobacter baumannii 
group, capable of causing a range of opportunistic infections in humans. The increasing incidence of 
antibiotic resistance is of concern, particularly carbapenem resistance mediated by metallo-β-lactamases 
(MBLs). The aim of this study was to assess the genetic background of different MBLs in unrelated 
carbapenem-resistant Ap isolates.  
  
Materials/methods: Total DNA was extracted from eighteen clinical Ap isolates from Germany and Belgium 
recovered between 2010 and 2015. Whole genome sequencing was performed on a MiSeq. Velvet and 
SPAdes were used for de novo assembly. Pasteur sequence types (ST) were determined through 
PubMLST. In silico detection of resistance genes was performed using ResFinder and CARD. Gene location 
of the MBLs (VIM-2, VIM-4, GIM-1 and NDM-1) was determined using S1-PFGE followed by Southern blot 
hybridization with digoxigenin-labelled probes. Chromosomal location was shown by co-localization with a 
gyrB-probe. Approximate plasmid size was calculated using Image Lab software. Susceptibility to eight 
different antibiotics (gentamicin, amikacin, kanamycin, ceftazidime, meropenem, imipenem, ciprofloxacin and 
tetracycline) was determined using the agar dilution method.  
  
Results: Out of eight isolates encoding blaNDM-1, four were found to contain NDM-1-encoding plasmids of 
similar size, whereas the other four harboured chromosomally-encoded NDM-1 (Table 1).  
The location of blaVIM-4 was on the chromosome in all three isolates, whereas the blaVIM-2 were in both 
cases located on plasmids of similar size. All five blaGIM-1 were encoded on plasmids, however there was 
more variation in plasmid size. Additionally, all eighteen isolates harboured a variety of additional resistance 
genes (Table 1). The MIC data obtained by agar dilution matched the resistome data.  
Out of all 18 isolates, 16 isolates were resistant to both tested carbapenems. The remaining two isolates 
were only resistant to meropenem and showed intermediate resistance towards imipenem.  
  
  

 
Sample name, sequence type, harbored MBL and genetic platform (including approximate plasmid size), acquired resistor and MICs 
determined by agar dilution 
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Conclusions: This study shows the variety of genotypes and phenotypes of antimicrobial resistance in a 
collection of carbapenem non-susceptible Ap isolates. Although multiple sequence types were found, there 
was no correlation between ST and acquired carbapenemase. Isolates harbouring the same MBL tended to 
have a similar or even identical resistome, when the MBL was encoded on the same genetic platform. 
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Introduction: Hepatitis C virus (HCV) causes a major health burden and can be effectively treated by direct-
acting antivirals (DAAs). NS5A, which plays a role in the viral genome replication, is one of the DAAs targets. 
Resistance-associated viruses (RAVs) harbouring NS5A resistance-associated mutations (RAMs) have been 
described at baseline and after therapy failure. Q30R is a characteristic RAM for the HCV sub/genotype (GT) 
1a but corresponds to the wild type in the GT-1b; still, GT-1b strains are susceptible to NS5A-inhibitors.  
 
Material & Methods: 2777 HCV sequences of GT-1b from Los Alamos database and 364 sequences from 
patients from the P.E.P.S.I. cohort were used in this study. Sequences were aligned in a codon-aware 
manner with MACSE and mutations that were statistically significantly correlated with the R30Q 
polymorphism were identified. In order to confirm the epistatic nature of this association, a maximum 
likelihood phylogenetic tree was reconstructed with RAxML using a GTR + Gamma model of substitution, 
and ancestral sequences were reconstructed in all internal nodes. Amino acid substitutions correlated with 
the R30Q polymorphism in several independent branches of the phylogenetic tree were identified and 
mapped into the three-dimensional model structure of the NS5A dimer in complex with the Daclatasvir 
inhibitor.  
 
Results: We show that R30Q is a polymorphism in GT-1b appearing in around 5% of the NS5A sequences. 
These strains often display other specific NS5A substitutions, particularly in positions 24 and 34, but also in 
positions 28, 54 and 138  

 
Fig1 
 
We demonstrate that secondary substitutions usually happen after initial R30Q development in the 
phylogeny of the GT-1b NS5A sequences, both in vivo and in vitro, and that the chemical properties of the 
corresponding amino acids either serve to restore the positive charge in this region or affect the movement 
of the N-terminal portion of the protein, acting as compensatory mutations.  
 
Conclusion: We have demonstrated epistatic intragenic interaction in the NS5A gene of GT-1b, which lead to 
compensating amino acid changes affecting physical and chemical properties of the protein after introduction 
of substitutions in the residue 30. These findings may have implications for RAVs treatment. 
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The CRU for healthcare-associated infections (HAI) aims to improve translational research, tapping into 
microbiological, clinical and basic science. The CRU runs studies on clinical and epidemiological aspects of 
HAI and provides support for several clinical DZIF studies (R-Net, ABSOLUTE, BLOOMY.COM, 
CROSSDIFF).  
  
During the latest funding period the CRU completed and published projects in 27 highly ranked scientific 
journals. Results were presented as posters and oral presentations at national and international meetings. 
Major results included a meta-analysis on the effectiveness of antibiotic stewardship (ABS) on the rate of 
multidrug-resistant (MDR) bacteria and Clostridium difficile in hospitalized patients (Lancet Infect Dis, 2017), 
which impacted the development of ABS guidelines from major stakeholders. The group completed an 
epidemiological analysis to elucidate how changing rates of antimicrobial resistances could impact antibiotic 
prescribing on the European level (PLoS One, 2017). Members of the CRU contributed to the analysis and 
multiple publications of the European cohort of the INCREMENT study (hospitalized patients with ESBL-
sepsis). Several papers focused on the importance of ABS and enhanced infection control measures (IC) to 
reduce the spread of antibiotic resistance (Clin Microbiol Infect, 2017; Internist (Berl), 2017; Clin Infect Di,. 
2017). The CRU contributed to systematic reviews on surveillance in human and animal populations under 
the One Health approach (CMI, 2017, Lancet Infect Dis, 2017). The group participated in international 
collaborations to develop a stewardship bundle for ICU patients (IJAC, 2018) and cooperated with 
Heidelberg University to assess the importance of biofilms in the transmission of MRSA infections (ARIC, 
2017). The translational approach of the CRU for R&D of new antibiotics was clearly defined in a 
communication in Science, 2018. The CRU was also involved in the development of new guidelines for IC, 
such as the control of VRE in hospitalized patients (Robert Koch Institut; head: Prof. C. Wendt; submitted), 
WHO guidelines to control the spread of CRE (ARIC, 2017), methodology for ABS studies (CASE-Project), 
and ESCMID guidelines for the therapy and decolonization of patients with infections due to MDR-Gram-
negatives (ongoing). International collaborations included: WHO priority list for R&D of new antibiotics 
(www.who.int; LID 2017; Head: Prof. Tacconelli); ECDC guidance for transferring patients with MDR-Gram-
negatives in Europe (published; Head: A. Magiorakos); ABS competencies in European medical universities 
in collaboration with ESCMID (Head: Prof. Tacconelli and B. Cookson; submitted).  
  
The CRU has developed significant capacity and know-how in performing clinical studies and meta-analyses 
focused on epidemiology and treatment of MDR bacterial infections, provides extensive trial structures for 
large patient cohorts, and increases the visibility of DZIF at the international level. 
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Although desperately needed, neither vaccines nor therapeutics are available blocking CoV infection in 
humans and animals. We reasoned that knowledge of host cell proteins that take part in pivotal functions of 
the virus-host interplay by interaction with viral proteins and the inhibition of these interactions should define 
broad-spectrum antiviral cellular targets. Consequently, we have shown that Cyclosporin A (CsA) and its 
non-immunosuppressive derivatives inhibits the replication of human and animal CoVs at low micromolar, 
non-cytotoxic concentrations in cell culture. Several inhibition studies by us and others, established 
cyclophilins as host targets for controlling CoV infection and provide new strategies for urgently needed 
therapeutic approaches to combat epidemic emerging coronaviruses like SARS and MERS-CoV.  
 
Replication of coronaviruses is inhibited by CsA and non-immunosuppressive derivatives but the molecular 
basis of this inhibition is still not understood. It is also not clear whether these compounds induce drug 
resistance-related mutations during serial rounds of virus replication. This is especially interesting as the 
compounds are directed against host-encoded cyclophilins. To investigate potential drug-induced mutations 
in the viral genomes we serially passaged HCoV-NL63 and HCoV-229E viruses in CaCo-2 and Huh7 cells, 
respectively, in the presence of CsA, ALV and NIM811 up to 10-15 passages at increasing concentrations, 
starting from 2 x IC50. Selection conditions were quite rigid as concentrations of inhibitors during 
consecutive passages were increased. In virus populations of the last passages we found changes in IC50 
values which were dependent on drugs and selection pressure. Under the chosen conditions resistant virus 
populations were obtained with all inhibitors. We fully sequenced the viral genomes after passages 10 and 
15 using Illumina NGS and compared the susceptibility of passaged virus populations and non-passaged 
ones towards cyclophilin inhibitors. Mutation patterns were compared to passaged control (seed) viruses and 
to published sequences. Preliminary interpretation of NGS data reveal the emergence of differential patterns 
of a various number of mutations in the viral genomes. Interestingly, most mutations are not located in ORFs 
potentially involved in cyclophilin binding. Also, wt NL63 seems to be much more susceptible to nucleotide 
changes dispersed over the whole genome than 229E.  
(S. Schwinghammer and D.R. Bairad are Co-first authors) 
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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. Using a chimeric mouse model that preserves competent hematopoietic 
immunity, 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 expressing DCs were in fact resistant to infection, we performed preliminary experiments 
wherein we infected human skin-derived Langerhans cells with EBOV. We found that these cells, as 
opposed to inflammatory DCs, were not infected. To circumvent the difficulties of working at biosafety level-4 
(BSL-4) and obtaining sufficient quantities of human derived DC subsets, we have developed three tools that 
can be used at BSL-2 to better define Langerin+ restriction of EBOV infection. These include 1) an infectious 
virus-like particle system (iVLP) with a luciferase based minigenome reporter, 2) a CD34+ human acute 
myeloid leukemia cell line that is responsive to cytokine stimulation and can therefore be derived into 
Langerin+ or DC-SIGN+ dendritic cells, and 3) an in-situ hybridization based RNA assay that allows for viral 
RNA detection by flow cytometry (PrimeFlow RNA assay, ThermoFisher Scientific). Using these tools we aim 
to more precisely define and characterize any DC specific restrictions 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. 
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for Medical Microbiology, Immunology and Hygiene, University Hospital of Cologne, Cologne, Germany 
 
Antimicrobial selection pressure can differ between antibiotics, but this has not been sufficiently quantified 
until today. This knowledge could improve antimicrobial stewardship programs significantly by guiding 
clinicians to preferably choose antibiotics with a low impact on the gut resistome, thus improving patient care 
and potentially even reducing the spread of resistance. We used shotgun metagenomics for gut resistome 
classification and quantified the antimicrobial selection pressure using a novel analysis algorithm in two 
cohorts of hematological patients receiving either ciprofloxacin or cotrimoxazole prophylaxis. Both drugs 
affected the gut resistome differently regarding various antibiotic resistance gene (ARG) classes. For 
instance, on cotrimoxazole treatment we observed a 148% increase in sulfonamide ARGs per administered 
DDD, while on ciprofloxacin a decrease of 5% per DDD was noted (p < 0.0001). ARGs were partly located 
on potential pathogens and mobile genetics elements. Resistome alterations were furthermore determined 
by patient factors, for instance the individual baseline microbiome and resistome, and the liver/kidney 
function. Of note, concurrent medication significantly influenced gut resistome composition, especially 
virostatic agents. Our study shows that prediction of an antibiotic effect on the gut resistome (antimicrobial 
selection pressure) is possible, but is complex and must occur on an individual patient level by taking many 
contributing factors into account. 
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Background : Recent studies have shown the presence of a specific microbiota of the bladder and 
investigage its’ role in health and disease. Nevertheless, there is a lack of studies investigating the urinary 
microbiota in a longitudinal fashion.  
 
Material and methods: In order to investigate the longitudinal intrapersonal variability of the urinary 
microbiota in healthy individuals as a future control group, we conducted a prospective non-interventional 
pilot study with 15 pre-menopausal women . On four visits over the course of six months we collected urine 
samples obtained by one-time transurethral catheterization, and vaginal and periurethral swabs. One aliquot 
of each urine sample was subjected to expanded urinary culture. From all other samples, DNA was extracted 
and 16S rRNA gene amplicon sequencing performed.  
 
Results: We observed intra-individual changes in the microbiota of the bladder over time concerning the 
beta-diversity as well as the relative abundance of several taxa. However, these variations were only little . 
The most frequent genera detected by 16S rRNA gene sequencing were Lactobacillus and Bacteroides. In 
half the cases all culturally detected genera were also present in 16S rRNA gene sequencing, but often the 
abundances were below 10%. Periurethral and vaginal swabs showed mostly Lactobacillus and 
Bifidobacterium. One individual developed a UTI and was treated with antibiotics. In this case, a consecutive 
drop in diversity and a culture and 16S detection of Escherichia-Shigella as highest abundant genus could 
be seen.  
 
Conclusion: Preliminary results from our longitudinal cohort study confirm the presence of a individual urinary 
microbiota with little longitudinal changes over the period of 6 months. Further investigations into the close 
relatedness with vaginal microbiota are pending. 
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Carbapenems are a mainstay for treatment of infections by multi drug resistant (MDR) Enterobacteriacae. 
However, an increasing prevalence of carbapenem resistant isolates is observed globally. This resistance 
can be due to carbapenemases such as KPC-2, KPC-3, OXA-48, VIM, NDM with OXA-48 and KPC-2 being 
predominant in Germany. Recently, an increasing prevalence as well as a number of possible outbreaks 
caused by KPC-3 positive MDR Klebsiella pneumoniae was observed in hospitals in the state of Hesse. This 
led to initiation of the SurvCARE Hessen Project (Surveillance of carbapenem resistant gram-negative 
bacteria) where isolates are collected and analysed using genome-based epidemiologic approaches.  
50 multi resistant isolates obtained between November 2014 and January 2018 were identified as blaKPC-3 
carbapenemase producing K. pneumoniae (CPKP). Several outbreaks were identified to be caused by single 
clonal blaKPC-3 CPKP of sequence type ST101 (twice in 2017), ST307 (Dec. 2017 to Jan. 2018), ST512 (once 
each in 2015 and 2016) and ST14 (2016). In contrast, sporadic blaKPC-3 CPKP belonged to ST512, ST39, 
ST273 and ST258. The antibiotic resistome was diverse and varied according to the different ST-types and 
outbreak affiliations. They included genes encoding resistance to β-lactams, aminoglycosides, 
fluoroquinolones, fosfomycin, MLS, phenicol, sulphonamide and trimethoprim.  
In all isolates the gene blaKPC-3 was located on plasmids, predominantly associated with the incompatibility 
type IncFII(K) and IncN (ST-9). Irrespective of the ST-type, the observed genetic environment of blaKPC-3 
appeared to be conserved: blaKPC-3 is flanked by ISKpn7 and ISKpn6 and inserted within Tn4401. This 
fragment is completely inserted within an intact ISKpn31 in the genomes of ST512, ST307, ST14 and 
ST273, and within a truncated ISKpn31 in ST101.  
All of the multi-resistant blaKPC-3 CPKP isolates harbored the ECP- capsule gene cluster and the E. coli 
common pilus, while the isolates of ST101, ST307, ST14 and ST258 contained additionally a cluster for 
Yersiniabctin with 11 genes indicating higher virulence potential.  
Our preliminary data reveal that blaKPC-3 carrying Klebsiella penumoniae in Hessian hospitals has increased 
in recent years. The outbreaks displayed clonal transmission. However, the blaKPC-3 is located on plasmids 
and contains a common conserved mobile genetic element indicating a potential for the transmission of 
carbapenem-resistance into other pathogens.  
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Objective: Carbapenem resistance in Acinetobacter baumannii is most frequently conferred by the presence 
of OXA-type carbapenemases. These can be both chromosomally- and plasmid-encoded, and are often 
associated with insertion elements, particularly ISAba1. The aim of the present study was to characterize the 
genetic structure of mobile genetic elements (MGEs) associated with blaOXA-235-like in A. baumannii.  
 
Methods: Five A. baumannii clinical isolates from the United States and Mexico recovered in the years 2005 
and 2007 were analysed. Two sequencing strategies were used: short-read and long-read sequencing 
technology. A library was generated using the Nextera XT library prep kit and 250bp paired-end sequencing 
was performed on a MiSeq Illumina platform. Short-reads were assembled de novo using Velvet and 
SPAdes. Furthermore, barcoded 1D libraries were prepared using the kits SQK-LSK108 and EXP-NBD001 
and a 30 hour run was performed on a MinION ONT sequencer. Sequencing data were base-called using 
Metrichor and Albacore and assembled using Canu. Short- and long-reads were combined by 
HybridSPAdes. In silico detection and typing of plasmids using whole genome sequencing data was 
performed. The molecular epidemiology was analyzed using a core-genome MLST (cgMLST) scheme 
including a core-genome of 2390 alleles using the Ridom SeqSphere+ v.3.0 software.  
 
Results: cgMLST analysis revealed that the three A. baumannii isolates, AF401, AF684 and BMBF255, were 
epidemiologically unrelated as they differed in more than 2000 alleles. However, the two isolates AF670 and 
AF667 were closer related by differing in 58 alleles. In all five investigated A. baumannii isolates the blaOXA-

235-like gene was bracketed by two inverted copies of ISAba1 forming a composite transposon. The isolates 
BMBF255, AF670 and AF667 harboured multiple copies of the blaOXA-235-like gene on the chromosome and 
one copy on a plasmid. Only one copy of blaOXA-235 was found on the chromosome of isolate AF401 and an 
additional copy was present on a plasmid. In contrast, only a plasmid-encoded copy of blaOXA-237 was 
identified in isolate AF684. The blaOXA-235-like-encoding plasmids in the isolates AF670, AF667 and AF684 
carried a replicase of the GR2 type, and in isolate AF401 a replicase gene of GR3 type. In contrast, in isolate 
BMBF255 blaOXA-236 was identified on a plasmid with a new replicase group. The results are summarized in 
Table 1.  
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Conclusion: The present study describes the diversity of the genetic platforms involved in the spread of the 
OXA-235-like carbapenemases. Our results demonstrate that blaOXA-235-like genes were found on different 
plasmid types, discernable by the replicase genes. Furthermore, the carbapenemase-encoding blaOXA-235-like 
was present in multiple copies on the chromosome which is likely associated to an ISAba1-transposition 
process. The MGEs, plasmids and transposons, associated with the blaOXA-235-like may support the 
dissemination of this carbapenemase. 
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The global spread of carbapenem-resistant Acinetobacter baumannii has led to an emerging 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 worldwide. There is an unmet medical need for reliable and rapid diagnostic tools to detect 
carbapenemase-producing A. baumannii to enable appropriate antibiotic treatment and prevent epidemic 
spread of carbapenem-resistant A. baumannii.  
We already developed an immunochromatographic test (ICT) able to rapidly detect OXA-23-like producing 
strains with 100 % specificity on bacterial colonies, which is available on the market since July 2018 (OXA-
23 K-SeT).  
Recently, we generated specific anti-OXA-40 and anti-OXA-58 monoclonal antibodies (moabs) to expand the 
detection abilities of the ICT to OXA-40-like and OXA-58-like. Therefore, supernatants of generated 
hybridomas were analysed for moabs able to bind to recombinant OXA-40-His6 and OXA-58-His6, 
respectively. Resulting, pre-selected hybridoma supernatants were screened by ELISA for moabs binding to 
native OXA-40 and OXA-58 from A. baumannii lysates and other OXA-subgroups. The resulting OXA-40 and 
OXA-58 specific moabs were purified and antibody-combinations were tested for their capacity to capture 
and detect recombinant OXA-40 and OXA-58 in an ICT format. First single ICT prototypes for OXA-40 and 
OXA-58, will be evaluated on clinical A. baumannii respectively lysates, before a final triple OXA-23/-40/-58 
format will be developed. The resulting triple OXA-23/40/58 detection assay would be able to detect the most 
prevalent OXA-mediated carbapenem-resistant A. baumannii, for example over 90% of carbapenem-
resistant A. baumannii isolates in Germany.  
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-
producing carbapenem-resistant A. baumannii to other patients. 
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Despite the legal obligation to report hospital outbreaks, the true magnitude of nosocomial clusters of cross 
transmission and hospital outbreaks with multidrug-resistant organisms (MDROs) but also with susceptible 
epidemic and potentially hypervirulent strains in Germany remains largely unknown. Currently, the detection 
of hospital outbreaks requires the alertness of the microbiology and infection control teams. Smaller 
outbreaks involving only a few patients, outbreaks separated by periods without activity or clusters of 
patients with nosocomial acquisition of MDROs in different wards go largely undetected. This delays 
infection control interventions and may lead to further spread. A computer-based system that uses routine 
microbiology data and sophisticated statistical algorithms to alert the infection control personnel of a potential 
bacteria cluster may enable the timely institution of appropriate infection control measures to limit further 
spread.  
We structured routinely collected laboratory data, patient master and movement data and transformed them 
into a real-time data repository. Furthermore, we developed a cluster alert software (CLAR). Based on user-
defined rules, CLAR identifies potential clusters of antibiotic-resistant and susceptible bacteria in the 
repository. To provide a high sensitivity, several different detection algorithms were implemented in CLAR. 
Primarily, we focus on the most common bacteria in healthcare-associated infections (like A. baumannii, P. 
aeruginosa, Enterobacteriaceae, Enterococci and C. difficile).  
With this electronic low-threshold outbreak detection tool, we aim to decrease the number and magnitude of 
hospital outbreaks. We want to limit the intra- and inter-institutional spread of MDRO and thereby improve 
patient safety.  
NoSPREAD is the IT-development project of the TTU HAARBI (Healthcare-Associated and Antibiotic-
Resistant Bacterial Infections). After the development of the cluster alert system we strive to implement 
CLAR in DZIF-associated hospitals. In its basis however, CLAR is not restricted to healthcare-associated 
infections. As long as structured data is available, the concept of the CLAR software is transferable to other 
surveillance areas, in which early detection of rare events is indispensable (e.g. pathogens in veterinary 
medicine or food safety). 
 



Symposium I: Resistance Mechanisms 

 59 

 

P 21 
 
The dissemination of OXA-48 is driven by efficient horizontal gene transfer associated with 
a low fitness cost and low virulence 
 
A. Hamprecht1, J. Sommer2, C. Brender2, M. Willmann3, F. Krause1, 2, Y. Stelzer1, T. Tsvetkov1, S. Riedel-
Christ2, J. Kutschenreuter2, C. Imirzalioglu4, A. Gonzaga5, C. Spröer5, U. Nübel5, S. Göttig2 

1Institute for Medical Microbiology, Immunology and Hygiene, University Cologne, Cologne, Germany, 
2Institute for Medical Microbiology and Infection Control, Hospital of Johann Wolfgang Goethe-University, 
Frankfurt, Germany, 3Institute of Medical Microbiology and Hygiene, University Tübingen, Tübingen, 
Germany, 4Institute of Medical Microbiology, Justus-Liebig University Gießen, Gießen, Germany, 5Leibniz 
Institute DSMZ, Braunschweig, Germany 
 
OXA-48 successfully disseminated within a decade and is now the most common carbapenemase in most 
European and Middle-Eastern countries. The reasons for this successful dissemination are unclear. 
Additionally, hypervirulent strains have been reported. In the following study, OXA-48 clinical E. coli and K. 
pneumoniae isolates were investigated in vitro, in silico and in vivo to analyse the reasons for its 
dissemination with emphasis on horizontal gene transfer, virulence and fitness.  
In total, 35 clinical isolates of E. coli (n=15) and K. pneumoniae (n=20) were analysed by whole genome 
sequencing using Illumina (n=35) and PacBio technology (n=5). No dominant sequence type was found. In 
clinical isolates blaOXA-48 was located on a plasmid in 13/15 cases in E. coli and in 20/20 in K. 
pneumoniae. Most isolates carried a highly conserved IncL plasmid of 63 kb. Horizontal gene transfer to 
azide-resistant E. coli J53 was high (10-2 to 10-3/donor) in isolates with the 63 kb IncL plasmid but <10-6 in 
non-IncL plasmids. In cytotoxicity assays and the Galleria mellonella infection model, one E. coli and two K. 
pneumoniae clinical isolates were highly virulent.  
To analyse if virulence was mediated by OXA-48 itself or blaOXA-48-harbouring plasmids, transconjugants 
of highly virulent strains were generated in E. coli J53 and K. pneumoniae PRZ and were investigated for 
both cytotoxicity and pathogenicity. Transconjugants showed the same cytotoxicity in the LDH assay and a 
similar LD50 as the parental strain without OXA 48. Additionally, in silico analysis of OXA-48 plasmids 
showed no evidence of genes associated with virulence. Growth kinetics of OXA-48 transconjugants 
revealed that the acquisition of the 63 kb IncL plasmid had no significant effect on fitness in competitive 
growth assays.  
  
Conclusion  
OXA-48 producing E. coli and K. pneumoniae strains are highly diverse, but share a highly conserved IncL 
plasmid of 63 kb. In contrast to previous reports, OXA 48 did not increase the virulence of J53 or PRZ, 
neither in vitro in the LDH release assay, in vivo in the G. mellonella model or in silico. Additionally, 
acquisition of the common 63 kb OXA-48 plasmid had no negative impact on the fitness of E. coli recipients. 
The high prevalence and rapid dissemination of OXA-48 in Europe and in the Middle East is therefore most 
likely the result of the low fitness burden combined with a highly efficient horizontal gene transfer of the 63 kb 
IncL plasmid. 
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Helicobacter pylori is a highly prevalent bacterial pathogen infecting more than half of the world’s population. 
H. pylori infection is known to be associated with the development of gastric ulcers and cancers, as well as 
mucosa associated lymphoid tissue lymphoma. It is unknown, however, what causes some patients to 
develop such pathologies, as the majority of those infected with H. pylori are asymptomatic. This suggests 
that H. pylori persists within its host and that changes to the overall gastric environment after initial H. pylori 
infection likely play an important role in disease development. It is now known that the gastrointestinal 
microbiota influences and modulates a variety of processes within the body including metabolism, behavior, 
immunity, and drug efficacy. A highly diverse microbiota is generally associated with health. Perturbations 
within the resident bacterial population may lead to dysbiosis and, thus, altered biological processes as well 
as disease development. We sought to determine how initial infection with H. pylori alters the gastrointestinal 
microbiota over time. Therefore, in this study we analyze the bacterial population of the stomach, cecum, 
intestine, colon, and stool of naïve or H. pylori-infected mice. Stool and tissue samples were collected and 
analyzed at 0, 4, 12, and 24 weeks post infection. Bacterial DNA was targeted from total DNA isolations via 
amplification of the V3/V4 variable region of the 16S rRNA gene, sequenced on an Illumina MiSeq, and 
bioinformatics analysis performed using taxonomic data generated by the Integrated Microbial Next 
Generation Sequencing platform. Our data show that H. pylori infection indeed alters the resident 
gastrointestinal microbiota. Specifically, we detect significantly lower relative bacterial abundances of 
Clostridium genera in stomach and stool after H. pylori infection. Additionally, the abundance of genus 
Lactobacillus is increased in stool and all examined tissues with H. pylori infection, at times significantly. 
Furthermore, upon H. pylori infection we are able to detect the presence of Escherichia/Shigella genera in 
the stomach, which are undetectable in naïve mice. Overall, this study provides valid evidence that 
significant taxonomic changes occur within the mouse intestinal microbiome in response to or as a result of 
H. pylori infection. This warrants continued investigation into microbial population dynamics in order to 
identify biomarkers associated with persistent H. pylori infection that may aid in disease prediction and 
treatment efficacy. 
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Plasmodium falciparum, the causative agent of malaria, is transmitted seasonally in most parts of the world. 
In the absence of rain, the lack of its mosquito vector limits transmission and no clinical cases occur. In very 
dry environments, this period extends up to several months (1). To ensure ongoing transmission, the 
parasites remain in individuals until the return of mosquitoes in the following rainy season. In Kalifabougou, 
Mali, we found a third of the study population continuously infected during the dry season (2), serving as a 
reservoir for malaria transmission. How the parasite survives for this long in its human host without causing 
disease or being cleared is only poorly understood. As we observed only minor effects of the immune 
system, we hypothesize that the parasite adapts to the dry season. When comparing the transcriptomes of 
parasites from asymptomatic infections in the dry season with those of parasites from clinical cases in the 
rainy season by Next Generation Sequencing, we found that close to a third of the genome is differentially 
expressed. Many of the differentially expressed genes are involved in protein export and host cell 
remodeling, which allow the parasite to survive inside the red blood cells and to evade clearance by adhering 
to the endothelium (3). We aim to understand how altering these processes might help the parasite adapt to 
prolonged silent infection. Therefore, we are analyzing host cell remodeling and cytoadherence using 
electron microscopy and functional binding assays with field samples collected in Mali at three time points 
during the dry season. Parasites from clinical cases and laboratory strains of P. falciparum serve as 
comparators. We thereby aim to better understand this important reservoir of malaria transmission.  
  
(1) Lehmann T, Dao A, Yaro AS, Adamou A, Kassogue Y, Diallo M, Sekou T, Coscaron-Arias C, Aestivation 
of the African malaria mosquito, Anopheles gambiae in the Sahel. Am J Trop Med Hyg 2010, 83 (3), 601-6.  
  
(2) Portugal S, Tran TM, Ongoiba A, Bathily A, Li S, Doumbo S, Skinner J, Doumtabe D, Kone Y, Sangala J, 
Jain A, Davies DH, Hung C, Liang L, Ricklefs S, Homann MV, Felgner PL, Porcella PF, Färnert A, Doumbo 
OK, Kayentao K, Greenwood BM, Traore B, Crompton PD, Treatment of chronic asymptomatic Plasmodium 
falciparum infection does not increase the risk of clinical malaria upon reinfection. Clin Infect Dis. 2017, 
64:645–653.  
 
(3) Storm J, Craig AG, Pathogenesis of cerebral malaria--inflammation and cytoadherence. Front Cell Infect 
Microbiol 2014, 4, 100. 
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Analysation of whole genomes of RNA-viruses in routine diagnostic field is still a big challenge. 
Determination of whole genomes and variants via Next Generation Sequencing (NGS) after Capture Probe 
Enrichment is a promising method, which could be successfully applied for HCV [1]. HCV's and HEV's high 
variability is caused by its non-existing RdRp proof-reading-function. This is linked to higher pathogenity, 
virulence and therapeutic resistance [2].  
Some mutations of HEV are associated with therapeutic failure of Ribavirin [3]. Our aim was to establish a 
cost-efficient method for routine-diagnostic approaches.  
We designed 203 of biotinylated 120mer-RNA-probes to prove all genotype 1 and 3 hepatitis E viruses via 
BaitFisher method [4]. Since 2016 blood-donors are tested to HEV-infections at UKE [5]. Plasmasamples of 
this cohort were used for our investigations. Concentrated RNA-extracts were transcribed to cDNA, which 
was fragmentated via sonification (Diagenode Bioruptor®) to 200-500 bp fragments, adaptersequences 
ligated and amplified. Biotinylated probes were hybridised to viral sequences and isolated via streptavidin-
beads. Remaining content of viral origin was amplificated, following by a paired-end 2x250 bp–sequencing in 
Illumina MiSeq®.  
HEV-genomes could be enriched 10^4 fold. We obtained wide genome sequences from patients with viral 
loads >10^3 copies/ml and found quasispecies in samples with viral loads >10^4 copies/ml.  
Using Capture Probe Targeting we succeed sequencing HEV-genomes from blood-samples via NGS. 
Reducing the amount of probes lowered costs to 300–400 €/sample depending to depth of sequencing to 
determinante variants. This methode allows to determinante quasispecies and viral evolution.  
[1] Bonsall et al. F1000 Research (2015), [2] Lauring & Andino, PloS Path (2010), [3] Todt et al. Gut (2016), 
[4] Mayer et al. Mol. Biol. Evol. (2016), [5] Westhölter et al. J. Hep. (2018) 



Symposium II: Novel Anti-Infectives 

 63 

 

P 25 
 
SARS Unique Domain Regulates the Protein Level of Novel Antiviral Factor HDAC1 and 
Suppresses NF-КB Signaling mediated by MKRN2 and HDAC1 
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Histone Deacetylase 1 (HDAC1) promotes degradation of antiviral factor p53 and negatively regulates 
nuclear factor p65-dependent NF-КB signaling [1, 2]. Both HDAC1 and p53 are targeted by E3 ubiquitin 
ligase Ring Finger and CHY Zinc Finger Domain Containing 1(RCHY1) which is a strong interacting partner 
of SARS Unique Domain (SUD)[3-5]. In this study, HDAC1 was for the first time characterized as an antiviral 
factor against coronaviruses. Overexpression of HDAC1 clearly reduces replication of pBAC-SARS-
Luciferase replicon as well as viral replication of HCoV-229E and HCoV NL63. SUD augments the protein 
level of HDAC1 but it does not consequently enhance the antiviral effect of HDAC1. However, co-expression 
of SUD and HDAC1 leads to dramatic further suppression of p65-dependent NF-КB signaling which is 
negatively regulated by HDAC1. In addition, SUD interacts with E3 ubiquitin ligase Makorin Ring Finger 
Protein 2 (MKRN2). MKRN2 poly-ubiquitinates p65 and subsequently causes proteasomal degradation of 
p65 [6]. SUD causes dramatic reduction of p65-dependent NF-КB signaling via strongly stabilizing MKRN2. 
Thus, SUD suppresses NF-КB signaling through both HDAC1 and MKRN2 pathways. Moreover, SUD 
antagonizes antiviral factor p53 via increasing the protein levels of both RCHY1 and HDAC1 which lead to 
RCHY1- and MDM2-mediated p53 polyubiquitination and proteasomal degradation, respectively. The 
discovery of these pathways should lead to the development of novel antiinfectives. 
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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. So far, no resistances against BTZ-043 were detected in patient isolates of 
Mtb, including MDR and XDR Mtb.  
On June, 26th 2018, following authority approval of the clinical study protocol, the first healthy volunteers 
could be enrolled in the first-in-human clinical study of BTZ-043. The primary objectives of this single 
ascending dose study included the investigation of safety and tolerability of BTZ-043 of supposedly 
pharmaceutically active doses. Secondary objectives comprised the pharmacokinetic parameters of the 
substance, differences in exposure between sexes as well as the proarrhythmic risk.  
First results illustrated a good safety and tolerability profile of the drug within the first three dose escalation 
steps. Plasma levels of the drug were found to be substantially higher than extrapolated from the preclinical 
experiments and within the range of exposures required to achieve good anti-Mtb efficacy in mice. The 
threshold of maximum exposure defined within the study protocol was reached in cohort 3 and the study 
subsequently completed. Unlike observations made in the preclinical models, no significant differences in 
exposure were observed between sexes. More importantly, prolongation of the QTcF interval was not found. 
In analogy to preclinical studies in minipigs, a vast majority of the BTZ-043 amount absorbed is readily 
transformed to the hydride Meisenheimer Complex (M2) in the circulation. This metabolite is generated in 
whole blood and readily converts back to the parent compound under oxic conditions. Despite this feature 
posed a significant challenge in bioanalytics, an engineered stabilization method could be developed and 
fully validated. The contribution of M2 to anti-Mtb activity, however, is not yet known and may only be 
assessed in future clinical efficacy studies.  
In order to follow up on the complex metabolism of BTZ-043, plasma and urine samples from the third cohort 
participants will be analyzed in a separate Met-ID study. Additionally, a mass balance study and a Met-ID 
study in rats with radiolabeled BTZ-043 are currently ongoing.  
  
The drug candidate BTZ-043 is currently being developed within a joint project of the German Centre of 
Infection Research (DZIF), InfectControl 2020, BMBF and the Free State of Thuringia. 
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The fast development of bacterial drug resistance is one of the main problems of modern medicine. The 
growing number of multiresistant bacteria is alarming and vancomycin-resistant Enterococci have been 
classified as a “high priority pathogen” by the WHO [1]. Three main types of vancomycin resistance are 
known, called vanA-, vanB-, vanC-resistance [2]. We have developed a method to overcome vancomycin 
resistance by a technology based on chemical glycopeptide modification. The novel vancomycin-conjugates, 
with the lead candidate FU002, show an improved in vitro activity against all tested enterococci and 
Staphylococcus aureus USA300 LAC (MRSA) microbial stains. Biodistribution and pharmacokinetic studies 
using molecular imaging show a strong modulation of the pharmacokinetics of vancomycin. It was possible 
to redirect vancomycin from the kidneys to the liver (Figure 1 A and B). This might enhance the safety of 
vancomycin application due to a potential reduction of nephrotoxicity. Importantly, the altered 
pharmacokinetics do not result in a reduction of the in vitro activity of the different conjugates. The in vitro 
activity could be confirmed in a Staphylococcus infection model. In this in vivo model treatment with the 
novel derivative FU002 resulted in a significantly smaller number of colony forming units in the liver than 
vancomycin (Figure 1 C). This is in concert with the altered biodistribution. A cytotoxicity assay (MTT) on 
peripheral blood mononuclear cells showed no toxicity at the calculated target concentrations. Based on 
these promising results, further studies, e.g. determination of the efficacy in an enterococci infection model, 
should be performed to pave the way towards clinical application.  
  

 
Fig. 1: In vivo comparison of vancomycin and FU002. Scintigraphy 10 min p.i. reveals that kidney accumulation A) can be overcome 
with FU002 B). When clearing Staphylococcus aureus USA300 from the liver of mice, FU002 outperforms vancomycin C). 
 
[1] http://www.who.int/en/news-room/detail/27-02-2017-who-publishes-list-of-bacteria-for-which-new-
antibiotics-are-urgently-needed  
[2] Mishra NM, Stolarzewicz I, Cannaerts D, et al. Iterative Chemical Engineering of Vancomycin Leads to 
Novel Vancomycin Analogs With a High in Vitro Therapeutic Index. Frontiers in Microbiology. 2018;9:1175. 
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Actinomycetes are producers of many secondary metabolites with various applications as medical, 
agricultural and industrial. The biosynthesis of secondary metabolites is encoded in their genomes and is 
usually organized in clusters. The continuously increasing genome sequencing data have revealed the 
presence of numerous clusters in Actinobacteria, which might encode novel secondary metabolites with 
interesting biological activities. However, utilization of this hidden potential has been hindered by the 
observation that many of these gene clusters remain „silent“ (or cryptic or poorly expressed) under laboratory 
conditions. Different ways of silent secondary metabolite clusters activation were described, such as using of 
constitutive promoters, genetic manipulation of regulators, optimalization of culture conditions or ribosome 
engineering [1, 2].  
In our approach we are focusing on the activation of silent secondary metabolite clusters by using a set of 
regulatory proteins from different Streptomyces strains. We have constructed four integrative plasmids 
containing different classes of regulatory genes under the control of ermE*p promotor (Gamma-
butyrolactones – GBLs – pEM1, Global regulators – GR – pEM2, Cluster situated regulators – CSR – pEM3, 
and Streptomyces antibiotic regulatory proteins – SARPs – pEM4).  
These plasmids were introduced via conjugation into strains from Tuebingen strain collection and the 
metabolic profiles of the recombinant strains were compared to the metabolic profile of the corresponding 
wild type (WT) strains.  
The analyses of the MS-data revealed that the recombinant strains produced metabolites, which are not 
produced by the WT, and the production of certain metabolites is increased in the recombinant strains. In 
order to avoid dereplication the obtained masses were compared with the masses of the natural product 
database.  
Based on this proof of concept we now apply this strategy to screen the Tuebingen strain collection in a high 
throughput manner.  
  
[1] G.Liu, K.F. Chater, G. Chandra, G. Niu, H. Tan MMBR 2013, 77, 112-143.  
[2] M. Spohn, N. Kirchner, A. Kulik, A. Jochim, F. Wolf, P. Muenzer, O. Borst, H. Gross, W. Wohlleben, E. 
Stegmann Antimicrob Agents Chemother 2014, 58 (10):6185-96 
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In preclinical drug development in vivo pharmacokinetic (PK) studies in non-human species are performed 
for two major reasons: 1) to generate basic data on administration, distribution, metabolism and excretion 
(ADME) characteristics to be expected in humans, and 2) to provide a context by which the toxicology data 
can be analyzed (1). The PK behavior of an active pharmaceutical ingredient (API) is not only influenced by 
its physicochemical properties, but also by the physiology of the species in which it is administered. 
Physiological-based pharmacokinetic (PBPK) tools can be used to predict and simulate plasma-
concentration time profiles, by integrating the physicochemical properties of the API / formulation with the 
physiology of the species; the tool also has the potential to help understand the mechanism behind these 
findings.  
In the case of the antiinfective Corallopyronin A (CorA), we performed a preclinical PK-study in BALB/c mice. 
API-solutions were administered intravenously and orally. Plasma-concentration time profiles were 
subsequently generated. Physicochemical properties for CorA were determined and used as input values for 
the physiology-based pharmacokinetic in silico tool. To estimate the permeability of the API a CaCo-2 assay 
was performed and predicted a high in vivo absorption in humans. CorA is a weak acid with a pKa value of 
4.0. The aqueous solubility of the ionizable drug was measured at pH values from 1 to 11, showing solubility 
values strongly depending on the pH value of the tested aqueous medium.  
With the PBPK tool, plasma-concentration time profiles were predicted and the impact of the various 
parameters were demonstrated. The predicted curves matched well with the in vivo results. The low solubility 
at low pH values of CorA could explain the low fraction absorbed in mice, as the mouse gut exhibits rather 
acidic GIT conditions compared to other species (mouse fed-state: stomach pH 2.98, duodenum 4.87, 
jejunum 4.82, ileum 4.81) (2). The small fraction absorbed was also demonstrated with a performed biphasic 
dissolution test simulating the pH conditions in the mouse gut. Low concentrations of CorA in the organic 
phase were measured, a surrogate parameter for the absorbed fraction without a statement about possible 
metabolism in the gut wall. Regarding a later oral administration in humans, the predicted fraction absorbed 
was much higher due to higher pH values in the human gut (human fed-state: stomach pH 4.90, duodenum 
pH 5.40, jejunum 5.40-6.00, ileum 6.60-7.40) (2). Biphasic dissolution tests were performed under human 
gut conditions reinforcing the promising PBPK predictions in humans. The findings are essential parameters 
for upcoming oral toxicology tests as the absorbed fraction is essential in order to establish a suitable safety 
window for upcoming phase I studies.  
  
(1) Schäfer-Korting, M. (2010) Drug Delivery. Berlin: Springer  
(2) GastroPlus 9.6 PBPKplusTM (2018) 
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Despite long-term suppression of viral replication, antiretroviral therapy (ART) cannot cure HIV infection due 
to persistent latently integrated proviral genomes. Stable HIV provirus integration is therefore considered to 
be the main hurdle for the development of a cure. Novel genome editing technologies, like LTR-specific 
Broad Range Recombinase 1 (Brec1), has been shown to physically remove the integrated provirus from 
infected cells with high precision. Therefore, Brec1 has a high potential for clinical application as curative 
HIV-1 therapy.  
CD4+ T cells are considered to be the main cellular target of HIV. For delivering Brec1 into CD4+ T cells we 
use a receptor-targeted adeno-associated viral (AAV) vector. This AAV vector showed high transduction 
rates of CD4+ cell lines as well as primary CD4+ cells. The vector, delivering a Brec1-2A peptide-GFP 
payload, induced Brec1-mediated antiviral effects in vitro. We are currently establishing a protocol to show 
cell type specific targeting in vivo, employing humanized mice. 
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C. Matos de Opitz, H. Brötz-Oesterhelt, P. Sass 
IMIT, Microbial Bioactive Compounds, University of Tuebingen, Tuebingen, Germany 
 
The discovery and use of antibiotics as therapeutic agents to effectively treat even complicated, life-
threatening bacterial infections helped saving the lives of millions worldwide. However, the occurrence of 
pathogenic bacteria multi-resistant to many commercialized antimicrobial classes represents an ever-
growing public health issue. Since the available options to treat life-threatening infections are narrowed, the 
search for novel antibiotics with promising modes of action is compulsory. Cell division is an essential 
process in bacteria and it has proven to be effective as an antimicrobial target, however, this target pathway 
has not been used by any of the clinically applied antibiotics to date. Bacterial cells with perturbed 
cytokinesis, e.g. as a result of targeting the core cell division protein FtsZ with antimicrobial compounds, 
display a filamentous phenotype. We here set out to develop a semi-automated microscopy method to detect 
such phenotypical changes as a result of perturbed bacterial cytokinesis in living bacteria. This tool will allow 
us to screen larger synthetic and natural compound libraries to identify inhibitors of bacterial cell division. We 
will use Bacillus subtilis and Escherichia coli as indicator organisms in microtiter-based screens, and known 
inhibitors of bacterial cell division as controls for disturbed cytokinesis. Micrographs of bacteria will be 
obtained via automated phase contrast microscopy and analyzed by means of diverse bioinformatics tools. 
Potential hits will be considered bacterial cells exhibiting a filamentous phenotype opposite to the 
physiological rod shape. 
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A rapid point-of-care device for the diagnosis of Hepatitis Delta Virus infection 
 
F. A. Lempp1, 2, V. Sakin1, 2, S. Nkongolo1, 2, H. Wedemeyer3, 4, P. Schnitzler5, S. Urban1, 2 

1Department of Infectious Diseases, Molecular Virology, University Hospital of Heidelberg, Heidelberg, 
Germany, 2German Center for Infection Research (DZIF), partner site, Heidelberg, Germany, 3Department of 
Gastroenterology and Hepatology, University Hospital of Essen, Essen, Germany, 4German Center for 
Infection Research (DZIF), partner site Hannover-Braunschweig, Hannover, Germany, 5Department of 
Infectious Diseases, Virology, University Hospital of Heidelberg, Heidelberg, Germany 
 
Background:  
Chronic Hepatitis Delta Virus (HDV) infection represents the most severe form of chronic viral hepatitis. The 
detection of anti-HDV antibodies directed against the Hepatitis Delta Antigen (HDAg) represents the initial 
step in diagnosis of HDV infection. Current assays for anti-HDV determination rely on manual ELISAs that 
are time consuming, expensive and require laboratory equipment and trained staff. Our aim was to develop a 
rapid pan-genotypic test for anti-HDV antibodies that allows fast and reliable detection of infection of all eight 
HDV genotypes and that can be used in a point-of-care setting in both hospitals and doctors’ practices but 
also in remote areas.  
 
Methods:  
Using multiple sequence alignments, we designed and optimized a pan-genotypic consensus sequence of 
HDAg. The corresponding protein was recombinantly expressed, purified and used as a detection antigen to 
assemble a Lateral Flow Assay (LFA). The LFA was validated in a small scale using sera of HBV/HDV co-
infected, HBV mono-infected and healthy individuals.  
  
Results:  
Application of serum containing anti-HDV antibodies to the test strips lead to a visible positive test result 
already after 10 min of incubation. Positive signals could still be observed when the sera were diluted more 
than 100-fold indicating high sensitivity of the assay, while no false positive signals were observed when 
HDV-negative sera were applied. A first validation of the test was successfully performed using 16 sera of 
HBV/HDV co-infected patients. Further validation with >200 patients including those infected with HDV 
genotypes 2 - 8 are currently ongoing and will be presented. Multiplexing the test strip with HBsAg-specific 
antibodies allowed simultaneous detection of HBV and HDV infection on the same strip.  
  
Conclusion:  
In light of the novel HDV-specific drugs that are currently entering registration trials, fast and reliable 
diagnostics for HDV infection are of utmost importance. We have developed and successfully validated a 
rapid test device allowing point-of-care diagnosis in hospitals but also in remote areas or epidemiological 
field studies. 
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Identification of small chemical compounds blocking tegumentation and assembly of 
Herpes Simplex Virus 
 
J. C. Villalvazo Guerrero1, 2, A. Buch1, D. Otoo1, A. Pohlmann1, G. Beauclair1, 2, J. Rückert1, 2, T. Schulz1, 2,  
B. Sodeik1, 2 

1Institute of Virology, Hannover Medical School, Hannover, Germany, 2German Center for Infection 
Research (DZIF), Hannover-Braunschweig Site, Hannover, Germany 
 
Infections with the herpes simplex viruses (HSV-1; HSV-2) cause significant global disease burden, 
particularly in immunocompromised patients, with life threatening infections of newborns, long-term disabling 
encephalitis and eye infections. Currently, there are no licensed vaccines, but there are drugs used in the 
clinic that target viral DNA replication. The risk of selecting resistant viral mutants could be reduced by 
complementing the existing treatment with novel compounds targeting capsid assembly or tegumentation 
and thus virion assembly.  
We used our reporter strain HSV1(17+)Lox-GFP in a phenotypic screen and identified 61 of about 19,000 
compounds that reduced production of infectious virus. Of those, 27 inhibited plaque formation in Vero, HeLa 
and the human keratinocyte HaCaT cell lines at IC50 ranging from 1.4 to 20 µM; while MTT and ATP assays 
showed CC50 from 15 to more than 200 µM. For some of them, the selectivity indices were higher than for 
acyclovir, the current gold standard for clinical HSV-1 and HSV-2 therapy. Further experiments with our dual 
color strain HSV1(17+)Lox-CheVP26-VP11/12GFP provided first insights into which steps of the viral life 
cycle were targeted. While some compounds inhibited nuclear capsid formation or capsid egress into the 
cytoplasm, others blocked the binding of the C-terminal domain of pUL36, the large essential tegument 
protein, to nuclear and cytoplasmic capsids.  
In summary, we have identified 3 compounds that inhibited HSV-1 and HSV-2 infection as potently as 
acyclovir, and which we will examine further to identify their molecular viral or host target. 
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Vpu controls HIV-1 latency through modulation of the NF-κB pathway 
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L. Hess1, J. Bialek1, A. Hoelzemer1, 2, 5, W. García-Beltrán1, 6, F. Kirchhoff3, D. Sauter3, M. Altfeld1, 2 

1Heinrich Pette Institute, Leibniz Institute for Experimental Virology, Hamburg, Germany, 2German Center for 
Infection Research (DZIF), Partner site Hamburg-Lübeck-Borstel-Riems, Hamburg, Germany, 3Institute of 
Molecular Virology, Ulm University Medical Center, Ulm, Germany, 4SQZ Biotechnologies, Watertown, MA, 
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Introduction:  
The long-lived and persistent latent viral reservoir in memory T cells represents one of the main obstacles for 
an HIV-1 cure. Novel therapies that aim at purging the HIV-1 reservoir using latency reversal agents (LRAs), 
targeting cellular host proteins, have limited effects in vivo and can induce severe side effects, emphasizing 
the need for alternative approaches to reverse HIV-1 latency. Accessory HIV-1 proteins play an important 
role in optimizing viral replication, enabling HIV-1 to evade host restriction and immunity, but their role in 
regulating HIV-1 latency remains largely unknown.  
 
Materials and Methods:  
CRISPR/Cas9 knockout was used to disrupt the accessory HIV-1 genes vpu, nef and vif in the latently HIV-
1-infected J89 T cell line. The proportion of HIV-1-GFP+ (i.e. HIV-1 reactivated) cells was traced using flow 
cytometry and immunofluorescence microscopy. We re-introduced 89.6 Vpu protein and vpu/vpuR45K DNA 
in J89Δvpu cells using Cell Squeeze® and Amaxa® Cell Line Nucleofector® Kit V technologies, respectively. 
NK-κB pathway activity was quantified using a dual luciferase reporter assay and ImageStreamX Mark II 
Imaging Flow Cytometer technique.  
 
Results:  
Our data showed that J89Δvpu cells completely lost control over viral latency, while knockout of nef and vif 
had no impact. Re-introduction of Vpu protein alone restored HIV-1 latency in a median of 55% of J89Δvpu 
cells. The proportion of latently HIV-1-infected (HIV-1-GFP-) cells significantly inversely correlated with the 
proportion of Vpu-FLAG+ J89Δvpu cells. Furthermore, Vpu-FLAG+ J89Δvpu cells showed reduced tetherin 
surface levels, demonstrating functionality of the Vpu-FLAG protein. As Vpu has been reported to modulate 
the NF-κB pathway, we measured NF-κB p65 nuclear translocation and observed that J89Δvpu cells showed 
higher NF-κB activation levels than parental J89 cells. Introduction of vpuR45K, encoding a Vpu mutant that 
selectively fails to inhibit NF-κB activation, did not affect HIV-1 gene expression in J89Δvpu cells, while re-
introduction of wild-type vpu restored HIV-1 latency, indicating a critical role of the NF-κB pathway.  
  
Conclusions:  
These data identified Vpu as a viral protein involved in the maintenance of HIV-1 latency through a 
modulation of the NF-κB pathway, and provides strong rationale to screen for novel Vpu inhibitors as 
potential HIV-1 LRAs. 
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A new antiviral approach – Inhibition of RNA viruses depending on eIF4A-dependent 
translation by the natural compound Silvestrol and synthetic analogues 
 
C. Müller1, F. W. Schulte2, K. Lange-Grünweller2, S. Pleschka1, J. Ziebuhr1, R. Hartmann2, A. Grünweller2 

1Medical Virology, Justus Liebig University, Giessen, Germany, 2Pharmaceutical Chemistry, Philipps 
University, Marburg, Germany 
 
The ongoing outbreak of Middle East respiratory syndrome coronavirus (MERS-CoV) in Saudi Arabia 
highlights the need to develop new compounds with broad-spectrum antiviral activity 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 silvestrol was recently shown to have 
potent antiviral activity in Ebola virus-infected 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-CoVs (EC50 = 1 nM), in human primary lung 
fibroblasts (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 other primary human cells like human peripheral 
blood mononuclear cells (PBMCs), isolated human alveolar epithelial cells and in the ex vivo human airway 
epithelia cell system. 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). 
Beside silvestrol, also synthetic rocaglamide analogues were able to block viral replication in a low 
nanomolar range.  
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-resistant virus mutants. This highlights the potential use of silvestol and analogues as a 
promising antiviral drug candidate. 
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Identification of antibiotics that do not cause Shiga-toxin mediated renal disease in mice 
infected with C. rodentium Φ stx2dact  
 
S. Mühlen1, M. Koeppel2, B. Stecher2, P. Dersch1 

1Helmholtz Zentrum für Infektionsforschung, Braunschweig, Germany, 2Max-von-Pettenkofer Institut, LMU, 
München, Germany 
 
Enterohaemorrhagic Escherichia coli (EHEC) is a food-borne pathogen that causes acute watery and bloody 
diarrhea. The infection can develop into life-threatening as haemolytic-uraemic syndrome (HUS), which is 
characterised by acute renal failure. The disease progression 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 in kidney cells, which express the toxin receptor, Gb3, on their 
surface. Treatment of the infection is currently supportive and the use of antibiotics is highly controversial 
due to the possibility that the antibiotics induce the expression and release of Shiga toxins and may, 
therefore, increase the risk of HUS development. While an array of different antibiotics has been tested with 
a variety of different EHEC strains in-vitro, confirmation of these findings in animals has so far been rare due 
to the lack of an adequate mouse model. 
In 2012, Mallick et al1 developed a mouse model based on the mouse-specific attaching and effacing (A/E) 
pathogen Citrobacter rodentium, which is belongs to the same family as EHEC and is genetically very similar 
to the human pathogen. Mallick et al1 introduced the lysogenic phage encoding Shiga toxin 2 from EHEC into 
C. rodentium, creating in a strain (C. rodentium Φstx2dact) that mimics a human STEC infection in mice.  
We previously described the adaptation and optimisation of the published mouse model for evaluation of 
potential anti-infective strategies such as type III-secretion inhibitors as well as inhibitors for Shiga toxin 
pathogenesis in-vivo.  
Here, we assessed a number of commercially available antibiotics for their ability to induce the production 
and release of Shiga toxin in-vitro. Using non-inducing antibiotics, we used the C. rodentium Φ stx2dact 
mouse model to determine whether these substances were able to clear the infection without detrimental 
effects to the host. Using the fluoroquinolone antibiotic enrofloxacin as an example for a Shiga toxin inducing 
antibiotic, we observed that mice treated with enrofloxacin showed rapid weight loss after treatment-onset 
while the infection was cleared. Kidney histology and serology for the kidney injury marker BUN (blood urea 
nitrogen) showed kidney damage comparative to that observed for infected but untreated mice. A number of 
antibiotics were able to clear the infection without resulting in kidney damage. Interestingly, rifampicin, a 
protein synthesis inhibitor, was unable to clear infection at the administered concentrations. It did not, 
however, induce Shiga toxin-mediated kidney damage, undermining the in-vitro data suggesting that 
rifampicin inhibits Shiga toxin production.  
  
1 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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Corallopyronin A: pre-clinical development through to phase I trial 
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Corallopyronin A (CorA) is a bacterial RNA polymerase inhibitor that binds to the switch region rather than 
the active site, thus it is active against rifampicin-resistant Staphylococcus aureus. We demonstrated CorA 
activity against Gram-negative Wolbachia endosymbionts of filarial nematodes. Antibiotic targeting of the 
essential endobacteria results in worm sterility and slow killing of the worms. Within DZIF, we have shown 
CorA activity against Rickettsia spp., Chlamydia trachomatis, Neisseria gonorrhoeae and multi-resistant S. 
aureus. Thus, we are developing CorA for the primary indication of treating human filarial infections and the 
further indications C. trachomatis, N. gonorrhoeae and MRSA infections. Using technical grade CorA we 
performed non-GLP ADME and in vitro toxicity studies that: support CorA is non-toxic and does not inhibit 
host cell proliferation, has similar oral and intraperitoneal bioavailability and is more stable in a fed state 
compared to a fasted state, and does not modify the expression CYP450s with minimal induction of CYP450 
3A4 (drug-drug interactions comparable to the RNAP inhibitor rifampicin are not expected). Heterologous 
expression of CorA in Myxococcus xanthus has been achieved by our HZI partners and will allow for a more 
simplified up-scaling of the process to achieve cost-effective, high purity production at an industrial-scale. 
Additionally, HZI continues optimizing the downstream processing protocol to yield CorA at >90% purity 
without requiring multiple chromatographies, e.g. Si-Flash purification was avoided successfully. Highly pure 
CorA (90%-95%) was obtained and has lowered the minimal effective dose in vivo (from 17.5 mg/kg to 3 
mg/kg for 28 days) and reduced treatment time to < 14 days. During our first formal scientific advice at the 
German Federal Institute for Drugs and Medical Devices (BfArM), it was agreed that heterologous 
expression does not hinder the development of CorA. BfArM accepted a purity of CorA >90% for toxicology 
and safety pharmacology and the preliminary product specifications of the API. So the final production 
protocol will provide CorA at >90% purity for final non-GLP pre-clinical studies, Ames, hERG and non-GLP 
toxicity tests in 2019 as well as drug product formulation. We applied for flexible funds to complete the pre-
clinical phase for the Investigational Medicinal Product Dossier (IMPD) and first-into-man study. Therefore 
we will a) produce BfArM accepted high-quality research grade CorA at the HZI, b) transfer the optimized 
fermentation and downstream process protocols to a GMP-certified CMO for the production of pre-GMP and 
GMP grade material, c) develop oral formulations, d) complete standard pre-clinical non-GLP and GLP 
toxicology and safety pharmacology studies, and e) extrapolate the minimal effective dose to human 
equivalent dose to define the starting dose for the first-into-man study. The results will form the basis of the 
IMPD and phase I protocol by BfArM. 
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A novel highly sensitive host cell-based high throughput drug screen targeting multi-drug 
resistant Gram-negative pathogens 
 
F. Schreiber, J. von Ambüren, J. Gräb, A. Schüller, S. Winter, E. van Gumpel, J. Rybniker 
Center for Molecular Medicine Cologne, Cologne, Germany 
 
The prevalence of bacterial pathogens being resistant to antibiotic treatment is increasing worldwide leading 
to a severe global public health challenge. Meanwhile the number of new approved antibiotic drugs has 
decreased over the past decades increasing the rate of mortality attributed to antimicrobial resistance 
worldwide[1;2]. In 2017 the World Health Organization published a list of high priority pathogens for which 
new antibiotics are required. In our research we focus on the Gram-negative bacteria Pseudomonas 
aeruginosa (P.a.) and Salmonella typhimurium (S.t.), which are classified among those pathogens[3].While 
P.a. is a common cause of healthcare associated infections, S.t. is one of the major causes of all food borne 
diseases worldwide[4,1].  
 
We established a host cell based drug screening as a novel innovative approach to discover new antibiotic 
drugs as well as prodrug antibiotics and anti-virulence drugs[5].  
  
In our assay either A549 lung epithelia cells are infected with P.a. or J774.2 mouse macrophages are 
infected with S.t. resulting in cell death mediated by potent bacterial virulence factors such as the Type III 
secretion system (T3SS). The T3SS is a protein complex mainly associated with cytotoxicity by injecting 
virulence factors into the host cell’s cytosol, representing a possible target for anti-virulence drugs[6]. In 
presence of specific antibiotics the host cells survive, which is quantified using the fluorescent dye 
Resazurin. To prove the quality of our assay we use a statistical parameter called Z‘-factor and achieved 
values of >0.5 which legitimate its use for high-throughput screening[7]. A pilot screen using our in-house 
library of 10.000 small molecules identified several substances protecting A549 cells from T3SS dependent 
cytotoxicity of P.a. A counterscreen of the hit compounds for antibiotic activity against the pathogens will 
allow us to distinguish between novel antibiotics active against the human pathogen itself and anti-virulence 
compounds.  
  
Literature:  
[1] WHO. Antimicrobial Resistance: Global Report on Surveillance(2014)  
[2] O’Neill, Antimicrobial Resistance: Tackling a crisis for the health and wealth of nations; (December 2014)  
[3] WHO, Global priority list of antibiotic-resistant bacteria to guide research, discovery, and development of 
new antibiotics (2017)  
[4] ECDC. Surveillance of antimicrobial resistance in Europe 2016. Annual Report of the European 
Antimicrobial Resistance Surveillance Network (2017)  
[5] Rybniker J., et al. Lansoprazole is an antituberculous prodrug targeting cytochrome bc1. Nature 
Communications. 2015;6:7659. doi:10.1038/ncomms8659  
[6] Burkinshaw BJ. et. al., Assembly and structure of the T3SS. Biochimica et Biophysica Acta (2014) 
1843(8):1649-63. doi: 10.1016/j.bbamcr.2014.01.035  
[7] Zhiyun Zhang, et. al., Quality control of cell-based high-throughput drug screening, Acta Pharmaceutica 
SinicaB (2012); https://doi.org/10.1016/j.apsb.2012.03.006. 
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kidney epithelial cells. 
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In the course of our investigations on potent Shiga toxin (Stx) inhibitors jointly conducted animal studies in 
mice infected with Stx-producing Citrobacter rodentium are intended. For this purpose, the well-established 
mouse model based on Stx2d-producing C. rodentium will be employed. One of our strategies for 
neutralizing Stxs is the utilization of neoglycoproteins (neoGPs) as multivalent Stx inhibitors. Focussing on 
the mouse/Citrobacter model, Gb3-functionalized mouse serum albumin (Gb3-MSA) was prepared and 
probed as potential competitive inhibitor of Stx2d.  
Gb3 (Galα1-4Galβ1-4Glc) was coupled to MSA by reductive amination and the resulting Gb3-MSA was 
characterized by SDS PAGE, ELISA and mass spectrometry (MS). SDS PAGE revealed an increase in 
molecular weight of about 10 kDa compared to the starting material. ELISAs performed with an anti-Gb3 
antibody showed a concentration-dependent response, thus demonstrating successful coupling of Gb3 to 
MSA. The data obtained from nanoelectrospray ionization (nanoESI) MS were in accordance with a 
collection of neoGP species bearing 20 to 23 Gb3 moieties.  
The porcine kidney epithelial LLC-PK1 cells turned out to be highly susceptible to the Stx2d subtype and 
were therefore used in the corresponding inhibition assays. Upon treatment of LLC-PK1 cells with affinity-
purified Stx2d [1] (4 ng/ml) the viability dropped to 48 % compared to untreated controls. Addition of Gb3-
MSA in a concentration of 10 nmol/ml restored the survival rate to > 92 %. This result proves Gb3-MSA as a 
very potent Stx2d inhibitor that will be applicable to pending compatibility studies and preclinical inhibition 
experiments of mice infected with Stx2d-producing C. rodentium.  
  
1. Steil, D., Pohlentz, G., Legros, N., Mormann, M., Mellmann, A., Karch, H., & Müthing, J. (2018) Anal. 
Chem. 90, 8989-8997. doi: 10.1021/acs.analchem.8b01189 
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Digging Through the Data: Computational Tools to Find Novel Antiinfectives 
 
M. Adamek, M. Alanjary, N. Ziemert 
University Tuebingen, Tuebingen, Germany 
 
Next generation sequencing methods have made sequencing faster, cheaper, and easier than ever and 
have revolutionized almost every field of biology. The constantly growing volume of DNA sequence data has 
made genome mining an important tool for the detection and prediction of promising secondary metabolites 
and has lead to a renaissance in natural product based drug discovery. Thousands of putative gene clusters 
are available in public databases such as NCBI and JGI-ABC, the challenge being now to triage the most 
promising pathways to guide laborious wet-lab experiments, assist with the dereplication of already known 
compounds and predict interesting bioactivities based on genomic data.  
Here we introduce a selection of computational tools developed by the Ziemert lab that are based on the 
evolution of secondary metabolites and can be used for a rapid automated identification and examination of 
novel biosynthetic gene clusters. 
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According to the World Health Organization (WHO), infectious diseases of the lower respiratory tract are 
among the top five causes of death with 3.1 million reports in 2012. Especially infections with Pseudomonas 
aeruginosa (P. aeruginosa), one of the leading pathogens in causing severe nosocomial infections, are 
associated with substantial morbidity and mortality. Since P. aeruginosa is equipped with a strong antibiotic 
resistance machinery, the number of infections caused by multidrug-resistant P. aeruginosa is constantly 
growing. In light of the emerging threat of antibiotic resistant bacteria worldwide, new and alternative 
therapeutic approaches are highly desirable. Similarly, new therapeutic interventions are needed for bacterial 
pathogens which are refractory to antibiotic treatment and commonly seen in patients suffering from cystic 
fibrosis (CF). In CF, P. aeruginosa is one of the most frequent drivers of respiratory infections and is linked to 
progressive loss of lung function and very severe courses.  
In our current project, we therefore plan to investigate the phagocytic capacity of macrophages targeting 
different (antibiotic resistant) P. aeruginosa, which are derived from various CF clinical isolates. We aim to 
use induced pluripotent stem cell technology (iPSC) to gain insights into macrophage-pathogen interaction 
with the overall aim to establish an innovative cell therapy approach for chronic P. aeruginosa infections.  
To achieve this ambitious aim, we will first set up cell-based co-culture assays using the P. aeruginosa 
reference strain PA14 to elucidate the phagocytic capacity of iPSC-derived macrophages in general. Next, 
we will investigate different clinical P. aeruginosa isolates of CF patients. CF patients are regularly seen in 
the clinic at Hannover Medical School and as long as they are P. aeruginosa positive, sputum samples are 
taken. As a result, we can rely on a unique strain collection of sequential isolates, previously isolated right 
from the individual onset of infection in patients over the whole infection period – meaning up to 30 years. 
Patient courses had been described in detail and infections classified into mild, moderate and severe 
(Klockgether et al. 2018). Phagocytosis and behavior of iPSC-derived macrophages will be analyzed using 
selected sequential isolates in classical cell culture and plating experiments measuring colony forming units 
(CFU). Furthermore, pro- and anti-inflammatory cytokine analysis will be conducted to shed light into the 
therapeutic potential of iPSC-derived macrophages.  
Taken the potential of iPSC technology to generate scalable amounts of macrophages, a successful 
completion of this proposal will allow assessing the capacity of iPSC-derived macrophages to phagocytose 
antibiotic resistant P. aeruginosa and may lay the foundation for a new cell-based therapy targeting chronic 
bacterial infections of the lower respiratory tract. 
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Human cytomegalovirus (HCMV) 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, this is encoded by the UL98 gene. We generated several HCMV-
UL98 mutants which impact the activity of the alkaline nuclease and we could show that the viral replication 
is severely impaired. This suggests that UL98 is a suitable target for antivirals treatment. To detect the 
activity of purified UL98 we designed a fluorescence assay that makes use of a DNA oligonucleotide 
substrate coupled to a fluorophore and a quencher. Upon degradation by the viral nuclease, fluorophore and 
quencher are separated resulting in an increase in detectable fluorescence. As a proof of principle of the 
fluorescence assay 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. The system was then used to screen 27,690 
compounds in the Small Compound Library at the Medizinische Hochschule Hannover. This led us to identify 
several compounds which strongly inhibited the purified UL98 activity. The inhibitory activities of the 
identified compounds were further characterized and were screened for cell toxicity, while inhibition of viral 
replication was screened by plaque reduction assay. Two compounds show promise as potential inhibitors of 
HCMV. These will be further analyzed by medicinal chemistry for future clinical testing. 
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The aim of this study was the development of a liposomal formulation containing specific tetraether lipids for 
the oral administration of the investigational hepatitis B peptide drug myrcludex B (see figure 1).  
Oral delivery of liposomally encapsulated peptide drugs is limited due to their instability in the gastrointestinal 
tract and their low mucosa penetration. Tetraether lipids are considered to stabilize liposomes under harsh 
conditions and also mediate the mucosa penetration [1].  
Based on this knowledge, tetraether lipids were extracted from the extremophilic archaeon Sulfolobus 
acidocaldarius and purified in order to obtain the desired glycerylcaldityltetraether lipids (GCTE). Myrcludex 
B was synthesized by solid-phase synthesis and incorporated into liposomes containing 5 mol-% of GCTE.  
These liposomes showed a size, polydispersity index and zeta potential comparable to the standard 
liposomes. Cryo-EM micrographs of both liposomal formulations displayed low lamellarity, the prerequisite 
for high drug loading capacity. Long term storage of the GCTE-liposomes was achieved by freeze-drying 
using 100 - 500 mM sucrose or trehalose as lyoprotectors. The lyophilized product showed high stability with 
a recovery rate of 82.7 ± 1.6% of intact myrcludex B observed after storage for 3 months at -20 °C compared 
with a recovery rate of 83.3 ± 1.3% directly after the freeze-drying process.  
In vivo, the GCTE-liposomal formulation led to substantial enhancement of the liver uptake of iodine-131-
labeled myrcludex B in Wistar rats. 3 h after oral application, approximately 7% of the initial dose could be 
detected in the liver [2]. In summary, the GCTE-liposomes enabled efficient oral administration of myrcludex 
B and provided long term storage by freeze-drying.  

  
 
Figure 1. Incorporation into GCTE-liposomes leads to substantial enhancement of the liver accumulation of myrcludex B after oral 
administration. 
 
 
References:  
[1] P. Uhl, S. Pantze, P. Storck, J. Parmentier, D. Witzigmann, G. Hofhaus, J. Huwyler, W. Mier, G. Fricker, 
Oral delivery of vancomycin by tetraether lipid liposomes, European Journal of Pharmaceutical Sciences, 
(2017).  
[2] P. Uhl, F. Helm, G. Hofhaus, S. Brings, C. Kaufman, K. Leotta, S. Urban, U. Haberkorn, W. Mier, G. 
Fricker, A liposomal formulation for the oral application of the investigational hepatitis B drug Myrcludex B, 
European Journal of Pharmaceutics and Biopharmaceutics, (2016). 
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Antibiotics with unprecedented mechanisms of action are urgently needed to overcome rising resistance. 
Two compounds that show potent activity against Gram-positive pathogens including MRSA are 
comparatively investigated using whole cell assays and selected in vitro test systems. Both represent natural 
products produced by Streptomyces spec. One of the compounds is the newly discovered glycosylated 
lanthipeptide MDN-0207. It is composed of 23 amino acids with an unusually high number of D-amino acids. 
In addition, a non-previously reported disaccharide is attached to tyrosine. The other compound, Siamycin-I 
was already discovered in 1994, however its mode of action remained elusive so far. Siamycin-I is a tricyclic 
lassopeptide composed of 21 amino acids.  
 
This study was aimed at identifying the molecular target and the detailed mode of action of Siamycin-I and 
MDN-0207. Our results clearly show that both compounds interfere with the lipid II cycle, although 
pertubation of peptidoglycan synthesis does not occur at the same level. 
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Tuberculosis (TB) continues to be the deadliest infectious disease in humans. The emergence of multidrug-
resistant (MDR) and extensively drug-resistant (XDR) strains requires innovative drug screens and 
alternative antibiotic sources to detect new compounds supplementing current antibiotic treatment. Within a 
DZIF funded consortium, we have screened more than 2500 myxobacterial derived crude extracts for their 
growth inhibitory effect on Mycobacterium tuberculosis (Mtb). A total of 102 extracts were active on Mtb in 
primary- and secondary confirmatory screens after cherry picking. All extracts were tested for activity on 
multi-drug resistant clinical Mtb-strains and further evaluated using the in house database Myxobase for 
compounds with known activity. Currently we are focusing on 56 extracts 12 of which were already further 
evaluated for bioactivity after microscale fractionation. Since most hit extracts display cytotoxic activity 
against HepG2 cells, fractionation is a crucial step to identify substance with selective antimycobacterial 
activity. The pilot screen on 12 microscale fractions for cytotoxic activity on HepG2 cells and antituberculous 
activity revealed that separation of antibacterial substances from cytotoxic extract contents is possible in 
most extracts. This clearly indicates that myxobacterial extracts provide a rich source for specific inhibitors 
targeting MDR-TB with novel modes of action. Future work will focus on continuous screening of novel 
substances and extracts as well as further characterization of already identified hit fractions. This includes 
target identification, in depth cytotoxicity studies and eventually in vivo studies. 
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Bacteria that colonize and infect the human body have adapted well to our immune defenses. Indeed, the 
commensal and pathogen Staphylococcus aureus developed mechanisms to resist, in particular, to host 
cationic antimicrobial peptides (CAMPs). S. aureus repulses CAMPs by decorating the cell surface with 
positively residues. Examples are: a) the incorporation of L-lys to phosphatidylglycerol (PG) 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. Targeting non-essential proteins is thought to result in lower emergence of 
resistance and thus having a better outcome for clinical use.  
We focus on the screening of molecules that sensitize S. aureus or other healthcare-associated pathogens 
to CAMPs. 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.  
Four unrelated libraries of compounds, in a total of ~5400, were screened: a) natural compounds from 
myxobacteria provided by the Helmholtz Institute for Pharmaceutical Research, Saarland; b) the VARious 
sources of synthetic compounds Library (VAR); c) the Library of Pharmacologically Active compounds 
(LOPAC); and d) SPECS, chemically diverse collection, consisting of single synthesized, well-characterized 
and drug-like small molecules.  
Myxovirescin A, a natural metabolite from myxobacteria, was identified as a promising candidate. We show 
that S. aureus is more susceptible to non-inhibitory concentrations of several cationic antimicrobials only in 
the presence of myxovirescin A and not with other type of antibiotics. Myxovirescin has been found to inhibit 
the E. 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. We further investigated that Myxovirescin A is not cytotoxic to human 
differentiated monocytes or to human hepatocytes, being a good candidate for a drug.  
Our strategy allowed us to identify around 50 compounds (1% of the total amount of molecules screened), 
with capacity to sensitize S. aureus to daptomycin. Myxovirescin A from NHC library is a promising candidate 
which will be further investigated in animals models of infection, as a putative drug for combinatory therapy. 
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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 24 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 bias 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 important strategies against several 
other antibiotic-resistant endogenous pathogens. 
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The vast majority of systemic bacterial infections is caused by facultative, often antibiotic-resistant pathogens 
colonizing 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, in two independent studies 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. Long-term 
analysis of the nasal microbiomes of S. lugdunensis carriers revealed the preferred co-occurrence of S. 
lugdunensis with the genera Corynebacterium and Dolosigranulum and the tendency towards reduced 
microbiome diversity.  
Lugdunin was hardly inhibitory towards human cells and retained its antimicrobial activity in the presence of 
human serum. Comprehensive ADME assays were performed 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 represent as a rich source for new antimicrobial 
compounds. 
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Infections with M. tuberculosis (Mtb) caused about 1.7 million deaths in 2017 and thereof represent a major 
concern regarding public health. The increasing number of drug resistant strains, in conjunction with the fact, 
that in the last four decades only two new anti-tuberculosis drugs have been introduced in the clinics, calls 
for the development of antibiotics with a novel modes of action. We make use of high-through put (HTS) 
assays to access the potential of compounds in inhibiting bacterial growth and to determine the capacity of 
compounds in protecting Mtb infected human host cells. In cooperation with the Berlin based Leibniz institute 
for molecular pharmacology (FMP) we screened for antimycobacterial activity of 40,000 synthetic small 
molecules. The diverse FMP compound collection contains carefully selected commercially available 
druglike scaffolds as well as novel molecules synthesized and donated from academia, many of which have 
not yet been tested for antimycobacterial activity. Moreover, we established HTS compatible equipment in 
our Cologne BSL3 facility that allowed us to screen and handle an in-house small molecule library of 10,000 
substances. In this large screening campaign, we identified approximately 400 substances (hit-rate of 
approx. 1%) which were growth inhibitory against Mtb. This is a promising starting point regarding the 
identification of new chemical entities exhibiting antimycobacterial activity. We will further analyze those 
compounds using a whole array of well-established secondary screens. These include assays analyzing the 
activity of identified hit compounds in well-defined drug resistant Mtb strains, as well as experiments 
analyzing the intracellular activity in several host cell types and the inherent cytotoxicity of the compounds. 
Subsequently we will perform mode of action studies aiming at the identification of novel drug leads that 
eventually will enter clinical trials after lead optimization. 
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The DZIF has inter alia the mission to discover novel, innovative anti-infectives, and to accelerate their 
optimization towards the clinic. Along this path, proving the in vivo efficacy in relevant preclinical animal 
models is a critical step. Therefore, the TTU9 (novel anti-infectives) has implemented a unit for 
pharmacokinetic and pharmacodynamic (PK/PD) experiments. The PK/PD unit provides the in-life portion as 
well as the state-of-the-art, LC/MS/MS-based analysis of compound levels in plasma and other body fluids 
[1,2]. In addition, selected pharmacodynamic mouse models with the ESKAPE pathogens are conducted. 
Here we show which in vivo assays are available within the PK/PD unit and how these aid in the 
development of compounds from bench to bedside. Several innovative anti-infective compounds that have 
been advanced in the past years in DZIF-funded projects [3-5] exemplify this.  
  
[1] Sommer R, Wagner S, Rox K, Varrot A, Hauck D, Warmhoff EC, Schreiber J, Ryckmans T, Brunner T, 
Rademacher C, Hartmann RW, Brönstrup M, Imberty A, Titz A (2018). Glycomimetic, orally bioavailable 
LecB inhibitors block biofilm formation of Pseudomonas aeruginosa. J Am Chem Soc., 140(7):2537-2545  
[2] Heck JG, Rox K, Lünsdorf H, Lückerath T, Klaassen N, Medina E, Goldmann O, Feldmann C (2018). 
Zirconyl clindamycinphosphate antibiotic nanocarriers for targeting intracellular persisting Staphylococcus 
aureus. ACS Omega., 3(8):8589-8594  
[3] Hüttel S, Testolin G, Herrmann J, Planke T, Gille F, Moreno M, Stadler M, Brönstrup M, Kirschning A, 
Müller R (2017). Discovery and total synthesis of natural cystobactamid derivatives with superior activity 
against gram-negative pathogens. Angew Chem Int Ed Engl., 56(41):12760-12764  
[4] Wagner S, Sommer R, Hinsberger S, Lu C, Hartmann RW, Empting M, Titz A (2016). Novel strategies for 
the treatment of Pseudomonas aeruginosa infections. J Med Chem., 59(13):5929-5969  
[5] Schäberle TF, Schiefer A, Schmitz A, König GM, Hoerauf A, Pfarr K (2014). Corallopyronin A – a 
promising antibiotic for treatment of filariasis. Int J Med Microbiol., 304(1):72-78 
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The spreading of carbapenemases is posing an increasing threat to human health and lives, as these 
enzymes mediate resistance against all types of ß-lactam antibiotics. The ß-lactams are widely applicable 
and particularly well tolerated, and thus span the most frequently used and most important class of 
antibiotics. Moreover, as many carbapenemase-positive pathogens in addition express resistances against 
other classes of antibiotics, treatment options are further limited, which is most prominently seen in NDM-1 
positive pathogens. Therefore, novel treatment options are urgently needed in particular for Gram negative 
carbapenemase resistant pathogens. This has been underlined recently in the published WHO priority 
pathogens list for R&D of new antibiotics, which summarizes several of these pathogens in the Priority 1 
group classified as critical.  
  
We therefore aimed to discover carbapenemase inhibitors for clinical use in combination with last resort ß-
lactam antibiotics, like Meropenem and Imipenem.  
In our previous work, we have developed an assay platform for MBL- and carbapenemase inhibitors, which 
uniquely reflects the pathophysiology of infection and therapy. Utilizing this screening platform, we identified 
two novel fragment classes with inhibitory activity in the micromolar range and ligand efficiency up to 0.51 
against selected metallo-carbapenemases (fragment class I) and metallo- as well as serine-
carbapenemases (fragment class II), respectively. Both fragment classes bind NDM-1 in a specific, but 
distinct manner as shown by NMR studies. Co-crystal structures of one fragment class with Imp-13 (MBL) 
and OXA-48 (SBL) are solved. Biological activity of both fragment classes against priority I clinical isolates in 
MIC shift experiments is currently under investigation. Furthermore, we have established an extended SAR 
analysis for both fragment classes. These fragment inhibitors are valuable starting points for the 
development of innovative pan-carbapenemase inhibitors. 
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The C-C motif chemokine receptor (CCR5) is the main HIV co-receptor mediating initial infection. 
Approximately 1% of Caucasians are homozygous for a natural mutation, the CCR5Δ32 allele. Affected 
individuals are healthy, but largely resistant to R5-tropic HIV strains. Based on that evidence, genetic 
knockout of CCR5 is a promising HIV gene therapy approach. Our lab recently developed a novel TAL 
effector nuclease (CCR5-Uco-TALEN), which facilitates high CCR5 knockout rates (> 60%) in primary T 
cells, and protects edited cells from infection with CCR5-tropic HIV strains.  
In order to produce high amounts of CCR5 negative cells a biallelic knockout is essential. To determine 
mono- and biallelic knockout rates in TALEN-treated cells, we established a protocol for high-resolution 
melting curve analysis. This method allows us to determine mono- and biallelic gene-editing frequencies on 
a single-cell level. Preliminary data show that about 80% of the detected insertions and deletions (Indels) are 
biallelic, while only ~ 20% are monoallelic. Besides, we evaluated mRNA encoding our CCR5-Uco-TALEN 
produced by TriLink Biotechnologies for its gene editing efficiency and dosage. In primary T cells the TriLink 
mRNA showed consistent CCR5 Indel rates of 45% with only half of the mRNA amount needed with self-
produced mRNA. Furthermore, we identified 10 potential off-targets by in silico methods and quantified 
gene-editing frequencies at these sites by amplicon sequencing. The sequencing data confirmed previous 
results that the coding region of C-C motif chemokine receptor 2 (CCR2) represents a major off-target, with a 
mean of 2.3% of overall reads showing Indels at the TALEN-binding sites. For the second most-frequent off-
target Glypican 5 (GPC5, intragenic) we observed approximately 17 times lower Indel frequencies with a 
mean of 0.14%. Rare potential off-target events were found in single samples for intergenic regions of 
RAPGEF2 and LDOC1. CCR5-Uco-TALEN activity at the loci GPC5, RAPGEF2 and LDOC1 is induced by 
binding and dimerization of two right TALEN arms. To further decrease the off-target activity of CCR5-Uco-
TALEN, we tested two different codon-optimized variants of obligatory heterodimeric FokI cleavage domains, 
which prevent homodimeric TALEN-binding. We cloned the variants in both CCR5-Uco-TALEN arms and 
assed their activity at the on-target CCR5 and the off-target GPC5 using digital PCR. One of the variants 
reached CCR5 Indel rates of up to 70% in Jurkat T cells and 55% in primary T cells comparable to the Indel 
rates achieved with homodimeric CCR5-Uco-TALEN. No TALEN activity of the heterodimeric FokI variants 
was detected at the off-target GPC5. Usage of a heterodimeric FokI drastically reduces the overall number of 
possible off-targets found in silico for CCR5-Uco-TALEN, notably 3 out of the 4 empirically found off-targets 
are caused by homodimeric CCR5-Uco-TALEN. Hence, the new CCR5-Uco-hetTALEN further increases the 
safety of CCR5 editing. 
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Corallopyronin A (CorA), an antibiotic agent against Wolbachia endobacteria of filarial worms, inhibits the 
bacterial DNA dependent RNA polymerase. CorA showed, compared to rifampicin, a new mode of action 
and is also active against rifampicin-resistant S. aureus and should therefore not drive cross-resistance1.  
  
For the preclinical testing and further translational development of CorA as a novel anti-infective a large 
supply of the natural compound is crucial. As the total chemical synthesis of CorA is not economical, the 
compound was isolated from cultures of its natural producer, the myxobacterial strain Corallococcus 
coralloides B035. In collaboration with the Hans Knöll Institute we developed the production of this promising 
antibiotic from laboratory scale to large-scale fermentation and improved the production. One strategy that 
was followed to develop a more cost-efficient production protocol was strain optimization of the natural 
producer, generating mutant strains of C. coralloides B035 with higher CorA production levels. A simplified 
up-scaling and further improvement of the CorA production was achieved by our HZI partner Rolf Müller and 
his group in Saarbrücken following another strategy, the heterologous expression of CorA in a closely related 
and biotechnologically modified myxobacterium (Myxococcus xanthus) (for more information see also the 
poster with the title Corallopyronin A: pre-clinical development through to phase I trial).  
  
For a deeper insight into the biosynthesis of CorA and to investigate the regulation of the CorA production on 
a genetic level, nine CorA producing strains with different CorA yields were sequenced and compared. 
Therefore, the reference strain C. coralloides B035 was sequenced with PacBio technology; the sequence 
reads were assembled resulting in a whole genome with a size of 9.6 Mbp and a GC content of 70%, 
harboring 7,765 genes. Three other C. coralloides wild type and five mutant strains were sequenced with 
Illumina Mi-Seq technology; the assembly yielded draft genomes with 85-186 contigs and genome lengths of 
9.4-9.7 Mbp. A comparison of the CorA biosynthetic genes showed that they are highly conserved and that 
the genetic architecture of the CorA biosynthetic gene cluster is identical in all CorA producing strains. For a 
comparison of the genomes the EDGAR platform was used, showing that the genomes of the CorA 
producing strains share 6,884 genes, this covers 89% of the reference genome C. coralloides B035.  
  
  
1Schiefer et al. “Corallopyronin A Specifically Targets and Depletes Essential Obligate Wolbachia 
Endobacteria From Filarial Nematodes In Vivo.” The Journal of Infectious Diseases 206.2 (2012): 249–257 
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Mechanism of Action studies using a systematic analysis platform 
 
I. Engels, A. Mueller, M. Rausch, A. Kloeckner, T. Schneider 
Institute for Pharmaceutical Microbiology, University of Bonn, Bonn, Germany 
 
Novel antibiotics with unprecedented mechanisms of action are urgently needed and so are new concepts 
for the discovery and analysis of antibacterial substances. Integral components of the drug development 
process are analysis of the mechanism of action of an antibiotic, as well as identification of the molecular 
target. Without this detailed knowledge, rational drug design is strongly hampered.  
  
We built up a comprehensive mode of action (MoA) platform, combining validated whole cell screenings and 
a biochemical assay platform that allows rapid identification of antibiotic mechanisms and targets on cellular 
levels. Initial screenings of substances and extract libraries in whole-cell based assays allow to identify 
bioactive compounds. “SmartScreens”, e. g. selected promoter-reporter fusions, provide first indications on 
the metabolic pathway affected, whereas the biochemical analysis platform, comprising more than 60 
individual in vitro enzyme activity tests, further allows the identification of the specific target and 
characterization of the compound-target interaction on the molecular level. 
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Targeting Latent Persistence of KSHV through Inhibition of LANA-DNA Interactions 
 
M. Empting1, P. Kirsch1, V. Jakob1, S. Stein2, T. Schulz2 

1Helmholtz-Institute f. Pharmaceutical Research Saarland (HIPS), Saarbrücken, Germany, 2Institute of 
Virology, Hannover Medical School, Hannover, Germany 
 
Herpesviruses have the ability to persist in their host organism. Therefore they are able to cause a lifelong 
latent infection. One prominent tumor-inducing herpes virus is the Human Herpes Virus HHV-8, also called 
Kaposi’s sarcoma-associated herpesvirus (KSHV). It is the main causative agent of Kaposi sarcoma, which 
is the most common type of cancer in HIV infected patients.[1]  
In previous studies, it has been shown that the Latency-Associated Nuclear Antigen (LANA) is required for 
the latent viral replication and persistence of KSHV.[2] It acts via tethering the virus episome to the host 
chromatin and exerts functions in the host cell like transcriptional control, latent viral replication and stable 
episome segregation during mitosis.[3] Based on this knowledge, we conceived a new approach for the 
development of anti-viral drugs. By using fragment-based drug design we want to inhibit the interaction 
between LANA and the viral genome to prevent the latent persistence of KSHV in the host organism.  
In order to discover the first LANA inhibitors, we performed biophysical screenings based on SPR and DSF 
filtering employing two structurally diverse compound libraries. The identified first LANA binders, we 
evaluated via a fluorescence polarization assay. Hence, we established SAR information enabling a first 
optimization round our initial hits. By this means, we identified the first compounds, which can inhibit the 
interaction between LANA and the viral DNA in the double-digit micromolar range. Furthermore, we qualified 
these optimized hits using MST and STD NMR methodologies as well as EMSA assays. The fragment-like 
structure of these hits opens up avenues toward generating drug-like macromolecule-macromolecule 
inhibitors via fragment-growing and fragment-linking strategies in ongoing lead-generation campaigns. 
  
Literature:  
[1] N. Sathishi et al., J. Virol. 2011, 85(21): 10934–10944. [2] T. Schulz et al., Proc. Natl. Acad. Sci. U S A. 
2015, 112(21): 6694–6699. [3] E. Robertson et al., Curr Top Microbiol Immunol. 2007; 312: 101–136. 
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Inhibitors of clinically relevant human polyomavirus infections 
 
E. Kraus1, 2, 3, J. Rückert4, 5, T. Schulz4, 5, A. Grundhoff2, 3, N. Fischer1, 3 

1Institute for Medical Microbiology, Virology and Hygiene, University Medical Center Hamburg-Eppendorf, 
Hamburg, Germany, 2Heinrich-Pette Institute for Experimental Virology, Hamburg, Germany, 3German 
Center for Infection Research, Partner site Hamburg-Borstel-Lübeck-Riems, Germany, 4Institute for Virology, 
Hannover Medical School, Hannover, Germany, 5German Center for Infection Research, Partner Site 
Hannover-Braunschweig, Germany 
 
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. Due to difficulty 
involved in efficiently propagating BKV and JCV, we used the highly related SV40 in a primary screen as a 
surrogate virus to identify small molecule inhibitors active against human polyomaviruses infection.  
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. We successfully established/applied a cell based high throughout applicable reporter screen sensitive 
to SV40 infection. In a first HTS 90/30,000 small molecule inhibitors active against SV40 were identified. 
Secondary BKV specific screens identified 17/90 small molecule inhibitors showed >50% inhibition of BKV 
infection in primary human renal epithelial tubular cells with 9/17 showing >90% BKV inhibition. In 
dependence of chemical assessment some of these compounds are currently tested for IC50 and CC50 
(MTT-, ATP-and SYTOX assay) values. 
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Matched pair analysis of patients treated for invasive mucormycosis - standard treatment 
vs. posaconazole novel formulations (MoveOn) 
 
J. Salmanton-García1, 2, D. Seidel1, 2, L. Durán-Graeff1, 2, P. Köhler1, 2, S. Mellinghof1, 2, H. Wisplinghoff2, 3, 4,  
J. J. Vehreschild1, 2, O. A. Cornely1, 2, 5, 6, M. J. G. T. Vehreschild1, 2, on behalf of The FungiScope 
ECMM/ISHAM Working Group 

1University Hospital of Cologne, Department I of Internal Medicine, Infectious Diseases, Cologne, Germany, 
2German Center for Infection Research, partner site Bonn-Cologne, Cologne, Germany, 3University of 
Cologne, Institute for Medical Microbiology, Immunology and Hygiene, Cologne, Germany, 4Labor 
Wisplinghoff, Cologne, Germany, 5Clinical Trials Centre Cologne, ZKS Köln, University of Cologne, Cologne, 
Germany, 6Cologne Excellence Cluster on Cellular Stress Responses in Aging-Associated Diseases 
(CECAD), University of Cologne, Cologne, Germany 
 

Background  
Current first-line (1st line) treatment for invasive mucormycosis (IM) consists of liposomal amphotericin B 
(AMB) followed by surgical debridement of infected area whenever possible and treatment of predisposing 
conditions. Salvage treatment (SAL) options are limited and often based on posaconazole oral suspension 
(OS POS). However, since approval of new posaconazole (POS) formulations (tablets and intravenous), 
patients could benefit from improved pharmacokinetics, safety and tolerability. We aimed to assess the 
effectiveness of new POS formulations as 1st line and SAL treatment in IM.  
 

Methods  
We selected patients from proven and probable FungiScope Registry cases. Patients in the 1st line POS (1st 
POS) group were matched with controls receiving 1st line AMB-based treatment (1st AMB). SAL POS 
patients were matched with SAL OS POS group. An additional 1st line AMB-based + POS treatment group 
(1st AMB + POS) was created to be compared with 1st AMB alone.  
 

Results  
Five patients received 1st POS (80.0% male), 11 with 1st AMB + POS (54.5% male) and 22 with SAL POS 
(72.7% male). The most prevalent host factors in all groups were hematological malignancies, 
immunosuppression, neutropenia and the use of corticosteroids. In the 1st POS group, lung alone was the 
most prevalent site of infection (60.0%), while in 1st AMB + POS (54.5%) and in SAL POS patients (59.1%), 
it was non-pulmonary IM. On day 42, 80.0% of 1st POS patients had a favorable treatment response 
compared to only 13.4% in the 1st AMB group. On day 84, rates of 60.0% vs. 6.7%, respectively, were 
documented. Mortality for the 1st POS group, both on day 42 and 84 was 20.0%. 1st AMB patients 
presented mortality rates of 66.7% and 73.3%, respectively. On day 42, there was a favorable response of 
45.5% in the 1st AMB + POS group and of 22.6% in the 1st AMB controls. At day 84, rates equalled 45.5% 
and 9.7%. Overall, 58.1% of the 1st AMB controls died before day 42 of treatment vs. 36.4% of the 1st AMB 
+ POS cases. Mortality was 36.4% and 67.7%, respectively. Regarding SAL treatment, SAL POS patients 
showed favorable response of 63.7% on day 42 and 36.3% on day 84. In contrast, SAL OS POS patients 
presented favorable response in 66.7% on day 42, and in 64.3% on day 84, respectively. By day 42, 2.4% of 
SAL OS POS patients died, while all SAL POS patients were alive. On day 84, mortality rates were 4.8% and 
4.5%, respectively.  
 

Conclusion  
Although POS shows activity against Mucorales, AMB remains standard 1st line treatment for IM. It became 
clear that new formulations of POS are more frequently used as SAL, including stepdown treatment for 
discharge.  
 

References  
 1.Cornely OA, et al. Clin Microbiol Infect. 2014  
2.Maertens J, et al. Antimicrob Agents Chemother. 2014  
3.Cornely OA, et al. J Antimicrob Chemother. 2016  
4.Doring M, et al. J Cancer Res Clin Oncol. 2017  
5.Seidel D, et al. Mycoses. 2017 
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Development of a novel drugs – An overview 
 
S. Goy, T. Hesterkamp 
Translational Project Management Office, Helmholtz-Zentrum für Infektionsforschung, Braunschweig, 
Germany 
 
For academic researchers, GMP-compliant manufacturing of novel active substances and investigational 
medicinal products often is unknown terrain. Thus, most promising ideas are never developed towards a 
clinical application. This is mostly due to lack of understanding for relevant processes, errors in project 
planning or lack of funding. The Translational Product Development Unit (TPMO) aims to help DZIF 
researchers navigate through the pitfalls of drug development towards a clinical application.  
Even at very early stages of drug development, researchers should be aware of subsequent steps towards 
clinical application to avoid potentially critical mistakes. Many of these mistakes made during early 
development only surface years later and might cost several hundred thousand Euros and another year to 
fix.  
With this poster, we plan to provide researchers with an extensive mind map of drug development to reduce 
the risk for these errors to occur. We plan to illustrate how processes are intertwined both at high level and in 
more detail. This should allow researchers to focus their efforts, design more applicable development plans 
and to anticipate problems earlier.  
An elaborate tree diagram will be generated with the four main branches and respective subitems: research 
(towards drug development) and tech. transfer, (GMP)-manufacturing process development, preclinical 
development and early clinical trials. Additionally, a Gantt chart with typical timelines of the intertwined 
processes at high level will be shown. 
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targeting capsule biosynthesis in Staphylococcus aureus 
 
M. Rausch1, 2, J. Deisinger1, 2, H. Ulm1, A. Mueller1, 2, T. Schneider1, 2, F. Grein1, 2 

1Institute for Pharmaceutical Microbiology, Bonn, Bonn, Germany, 2German Center for Infection Research 
(DZIF), Bonn-Cologne, Germany 
 
Staphylococci possess sophisticated defense mechanisms against the weapons of the innate immune 
system. As observed for numerous invasive pathogens, presence of a capsule is a critical prerequisite to 
resist mucus-dependent clearance, complement deposition, and opsonophagocytosis during infection. In line 
with this, most clinical S. aureus isolates express a polysaccharide capsule. Blocking the biosynthesis of the 
capsule, may therefore offer a valuable strategy for novel anti-infective treatment. Besides the essential 
peptidoglycan and wall teichoic and lipoteichoic acid, capsular polysaccharide (CP) is yet another highly 
important cell wall (CW) polymer of S. aureus. All biosynthesis pathways of CW polymers are highly 
coordinated and tightly controlled processes and a disruption results in weakening of the cell wall structure 
and subsequent cell lysis. The CP biosynthetic gene cluster comprises 16 genes (cap5A–cap5P) each of 
which are essential for CP biosynthesis [1], thereby representing suitable targets.  
  
Heterologous expression of recombinant capsule biosynthesis proteins of S. aureus Newman in Escherichia 
coli and subsequent purification using affinity chromatography allowed for the reconstitution of a major part 
of the complex CP biosynthesis machinery in vitro. The UDP-ManNAc dehydrogenase CapO as a potential 
antivirulence target proved to be essential for CP formation and a CapO knockout mutant have already been 
shown to be less virulent in a mouse model of abscess formation [2].To this end, a CapO activity assay was 
adopted to 96 and 384-well plate format through its capacity to catalyze the formation of NADH, at the 
expense of NAD+, measurable by their absorption at 340 nm and 260 nm, respectively. Additionally, 
important enzymatic checkpoints were identified providing an excellent basis for further High throughput 
screening assays for the identification and initial characterization compounds blocking these targets.  
  
1. O’Riordan K, Lee JC (2004) Staphylococcus aureus Capsular Polysaccharides. Clin Microbiol Rev 17: 
218–234.  
2. Portolés M, Kiser KB, Bhasin N, Chan KHN, Lee JC (2001) Staphylococcus aureus Cap5O Has UDP-
ManNAc Dehydrogenase Activity and Is Essential for Capsule Expression. Infect Immun 69: 917–923. 
 



Symposium II: Novel Anti-Infectives 

 98 

 

P 60 
 
Development of small molecule inhibitors targeting the LMP1–TRAF2 protein-protein 
interaction 
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Latent infection with EBV is associated with malignancies including post-transplant or Hodgkin's lymphoma. 
Cell transformation by EBV depends on its oncoprotein LMP1, which activates cellular signaling pathways by 
recruiting members of the cellular TNF receptor-associated factor (TRAF) protein family to its C-terminal 
activation regions (CTAR) 1 and 2. The interaction of TRAF2 with CTAR1 is critical for non-canonical NF-κB 
activation by LMP1 and survival of EBV-transformed cells. The aim of this project is the development of 
small molecule inhibitors for the LMP1–TRAF2 protein-protein interaction (PPI), which are expected to 
induce cell death of EBV-transformed cells by uncoupling LMP1 from its cellular signaling network. In an 
automated high throughput screening of approx. 380,000 synthetical small molecules we identified and 
validated two hit compounds, which are currently undergoing structure-based hit-to-lead optimization. The 
primary hit EN254 interacts with TRAF2 and is specific for LMP1–TRAF2 interaction without significantly 
affecting other TRAF molecules. After initial structural activity relationship evaluation with commercially 
available analogues, we synthesized currently more than 30 novel derivatives of the original hit EN254. We 
discovered EN254 derivatives that show IC50 values in the low single-digit µM range versus the LMP1–
TRAF2 PPI. One of the improved derivatives, Z370, interferes with NF-κB induction by LMP1 and its cellular 
counterpart CD40. Z370 promotes cell death of EBV-transformed B-cells, while it shows no toxicity in 
HEK293 and HepG2 cells at effective concentrations. In vitro ADME studies revealed promising metabolic 
stability in liver microsomes and plasma stability of Z370. Of note, Z370 had an oral bioavailablility of 42 % in 
pharmacokinetic studies in mice and elicited no adverse reactions in the animals. In summary, we identified 
small molecule inhibitors that effectively block TRAF2 binding to LMP1, interfere with survival of EBV-
transformed B-cells and show promising results in ADME and MPK studies. 
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Development of a high-throughput in vitro assay for penicillin binding proteins from 
Staphylococcus aureus 
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The Gram-positive bacterium Staphylococcus aureus is one of the major pathogens in nosocomial infections. 
Especially due to its ability to develop a variety of traits that render the organism resistant to a majority of 
modern antibiotics S. aureus poses a big challenge to medicine and public health. The emergence of multi-
drug-resistant bacteria like S. aureus highlights the urgent need for new antibiotic drugs. One of the most 
prominent, selective, and effective targets for antibiotics is the highly conserved bacterial cell wall 
biosynthesis machinery. For example, penicillin binding proteins (PBPs) are essential enzymes which are 
targeted by β-lactam antibiotics. PBPs fulfill a crucial role in the survival of S. aureus as they are responsible 
for the incorporation of peptidoglycan (PG) precursors into the PG network. Following a two-step reaction 
mechanism PBPs perform crosslinking of PG. In the first step an acetyl-enzyme complex is formed by PBPs 
binding to PG stem peptide thereby releasing the terminal D-alanine. In the second step PG stem peptides 
can be crosslinked via pentaglycine bridges. We aimed at developing a kinetic PBP activity assay using the 
native substrate and have therefore adapted an in vitro assay established by Gutheil et al. [1]. The peptidase 
activity of PBPs is assessed by measuring D-Alanine release, which is oxidized to pyruvate, ammonium, and 
H2O2. The latter is quantified using a commercially available, fast, and sensitive bioluminescent assay. In 
order to allow for high-throughput screening the procedure was optimized for use in a 384-well format. The 
assay was set up making use of the carboxypeptidase activity of S. aureus PBP4 and validated using 
several β-lactam antibiotics. The established in vitro inhibition assay for the peptidase activity of PBP4 
already allows for high-throughput screening of compound libraries and is currently further developed for the 
use with other PBPs of S. aureus.  
  
[1] Gutheil W. G., Stefanova M. E., Nicholas R. A. „Fluorescent coupled enzyme assays for D-alanine: 
application to penicillin-binding protein and vancomycin activity assays.“ Analytical Biochemistry. 287 (2000): 
196-202. 
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Helicobacter pylori is a bacterial pathogen with a worldwide infection rate of about 50 %. It colonizes the 
gastric mucosa persistently, causing chronic gastritis, gastric or duodenal ulcers as well as gastric cancer 
and MALT lymphoma. The development of these malignant disorders is mostly due to the bacterial protein 
CagA that is injected into gastric cells. Once inside the target cell, CagA hijacks intracellular signaling 
cascades, finally promoting gastric carcinogenesis. Thus, H. pylori is categorized as a class 1 carcinogen by 
the WHO. Today, combination therapies with at least two antibiotics and a proton pump inhibitor are 
recommended for symptomatic individuals. However, due to increasing antibiotic resistance rates, treatment 
efficacy has drastically decreased. Therefore, H. pylori is listed as priority level 2 (high) for R&D of new 
antibiotics (WHO, 02/2017).  
We established a high-throughput screening assay, based on CagA translocation to cell lines, and a 
screening workflow for specific anti-H. pylori compounds. Many hit compounds with highly potent anti-H. 
pylori activity turned out to be eukaryotic respiratory chain inhibitors. Therefore, other libraries of 
commercially available respiratory chain inhibitors were tested. This yielded several substances, which 
specifically inhibit H. pylori growth in vitro without affecting the growth of other bacteria.  
First target identification experiments have been performed, pointing towards proteins involved in energy 
metabolism. Furthermore, 13C-labeling experiments and isotopologue profiling analysis were used to 
compare the carbon fluxes in the H. pylori metabolome in the presence or absence of these inhibitors. The 
corresponding metabolic signatures were obtained and matched with those of known inhibitors. The profiles 
of all tested compounds were most similar to rotenone, which acts as an NADH-quinone oxidoreductase 
inhibitor in bacteria and eukaryotic cells.  
To get further evidence for the mode of action of the inhibitors, H. pylori strains with decreased susceptibility, 
that have already been selected by incubation with sublethal concentrations of different inhibitors, will be 
subjected to genomic analysis to identify the causative mutations.  
Thus, this work does not only contribute to the identification of novel potential antibiotics for H. pylori 
treatment, but further reveals that eukaryotic respiratory chain inhibitors are a promising source for drug 
repositioning. 
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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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Activation of the tryptophan-kynurenine-NAD+ pathway is closely associated with regulation of innate 
immune cells toward a less inflammatory phenotype and may, depending on the context, also exert 
neuroprotective properties. Therefore, investigations into its regulation and relative abundance in CNS 
infections would improve our understanding of pathophysiology and end-organ damage in CNS infections, 
and also open doors to its evaluation as a diagnostic and/or prognostic biomarkers in clinical settings. We 
have, therefore, measured concentrations of kynurenine (Kyn) and tryptophan (Trp) in approx. 200 
cerebrospinal fluid samples from patients with bacterial and viral (HSV-1, varicella zoster virus, 
enteroviruses) meningoencephalitis, non-infectious neuroinflammatory diseases including MS, and non-
inflamed disease controls. We find a strong increase in Kyn concentrations in the infected samples, a mild-
moderate increase in the non-infected inflammatory samples, and practically no detectable levels in the non-
inflamed controls. There was a reciprocal decrease in Trp concentration in the viral, but not the bacterial 
CNS infections. In agreement with this, Kyn concentrations (but not Trp concentrations) correlated 
significantly with two classic CSF parameters of neuroinflammation, CSF leukocyte count (r=0.76, p=4.9e-
43) and lactate (r=0.69, 5.5e-32), whereas there was only a mild negative correlation of Trp (r=-0.3; p=6.2e-
06) with leukocyte count. In receiver operating characteristic curve analysis, Kyn differentiated nearly 
perfectly between inflamed and non-inflamed samples (area under the curve = 0.97). Multiple logistic 
regression analysis revealed that various combinations of Kyn, Trp and Kyn/Trp ratio with leukocyte count 
and/or lactate constituted highly accurate classifiers also for the clinically highly important differentiation 
between bacterial and viral CNS infections. Taken together, the results suggest (1) that the Trp-Kyn-NAD+ 
pathway is activated in CNS infections and that its intermediate metabolites can serve as highly accurate 
CSF biomarkers, in particular when combined with traditional indices of neuroinflammation. 
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Biological evaluation of novel small-molecule antiviral agents versus Tick Borne 
Encephalitis Virus 
 
J. J. Bugert 
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Tick Borne Encephalitis Virus (TBEV) is a flavivirus causing a flu-like illness and meningoencephalitis in the 
human host. TBEV is transmitted by Ixodes ticks and endemic in temperate climate zones suitable for the 
vector, mainly in Europe and Asia, but not in the Americas. A number of approved inactivated TBEV 
vaccines are on the market, but so far, there are no TBEV specific therapeutics.  
  
A number of de novo synthesized compounds previously found active versus flaviviruses and non-toxic in 
human HUH7 hepatoma cells, were tested versus TBEV in human cell lines where TBEV causes 
cytopathogenic effects. Several compounds with IC50 in the uM range and minimal toxicity were identified 
(Lead: D12/abcmc-109) and compared to compounds with known antiflaviviral activity already on the market/ 
candidates for drug repurposing (e.g. Sofosbuvir™).  
  
Further biological evaluation of these compounds in different cell lines, including central nervous system 
cells, and different assay methods is ongoing and will be reported.  
  
This work provides the foundation for further investigation of promising novel structures as antiviral agents 
against TBE virus. 
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Salmonella Typhimurium targets leptin signaling to modulate immune responses in 
macrophages 
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Germany, 2University Hospital of Cologne IMMIH/Cologne Cluster of Excellence for Aging associated 
diseases, Cologne, Germany, 3University Hospital of Cologne IMMIH, Cologne, Germany, 4Wisplinghof 
Laboratories/ University Hospital of Cologne IMMIH, Cologne, Germany, 5Max Planck for Metabolism 
Research, Köln, Germany, 6University Hospital Cologne IMMIH /Cologne Excellence Cluster for Ageing 
associated diseases, Cologne, Germany 
 
Obese patients exhibit metabolic malfunction like dysregulation 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. Mechanistically we show that leptin-signaling 
regulates inflammatory response by co-ordinating m-TORC2-PHLPP1-AKT 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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A mosquito-transmittable blood stage attenuated malaria parasite for experimental 
vaccination 
 
J. Sattler1, C. Moreau1, H. Prinz1, J. Kehrer1, M. Singer1, D. Klug1, S. Khan2, C. Janse2, F. Frischknecht1 

1Integrative Parasitology, Heidelberg University Hospital, Heidelberg, Germany, 2Leiden University Medical 
Center, Leiden University, Leiden, Netherlands 
 
Attenuated pathogens have been used successfully for vaccinations against many infectious diseases 
caused by viruses, bacteria or parasites. Several types of experimental malaria vaccines based on 
attenuated parasites have been extensively tested in animals and humans (1,2). These include mosquito-
transmitted attenuated parasites that undergo a developmental arrest in the liver and can protect rodents 
and humans from subsequent infections (1,3,4). This arrest is achieved by specifically deleting one or 
several genes essential for liver stage infection (1,5,6,7). All these approaches have in common the goal to 
induce sterile protection but several roadblocks currently limit their wider deployment (8). Here we propose 
an attenuated vaccine based on a partially persisting but self-limiting blood stage infection initiated by a 
single vaccination with sporozoites.  
  
For the proof-of-concept we selected 16 candidate genes with a known highly reduced blood stage growth 
phenotype (9). Until now we generated 4 knockout lines and characterization over the full parasite life cycle 
revealed various developmental arrests during the mosquito stages. Expressing of a candidate gene from a 
synthetic promoter that drives gene expression only in mosquito stages allowed the full development of the 
parasite in mosquitoes and transmission to mice. There, parasites were able to develop in the liver and to 
emerge into the blood stream, where they underwent several cycles of replication before being cleared by 
the host. This led to complete protection of rodents from later challenges with wild type parasites by just a 
single low dose infection. Adapting similar strategies to human parasites should be attainable with the 
available genetic engineering toolbox.  
  
1 Bijker et al Vaccine 2015  
2 Raja, Stanisic & Good Inf Imm 2017  
3 Seder et al Science 2013  
4 Mordmüller et al Nature 2017  
5 Mueller et al Nature 2005  
6 van Dijk et al PNAS 2005  
7 Singer et al Genome Biol 2015  
8 Matuschewski FebsJ 2017  
9 Gomes et al Cell Host & Microbe 2017 
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The Role of Clonal Selection versus Affinity Maturation in the Human B Cell Response to a 
Repetitive Malaria Parasite Antigen 
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University Tübingen, Tübingen, Germany, 3German Center for Infection Research, Tübingen site, Germany, 
4Sanaria Inc., Rockville, MD, United States 
 
Plasmodium falciparum (Pf) is a human malaria parasite with a complex life cycle. Transmission to humans 
is mediated by the bites of infected Anopheles mosquitoes. From the injection site in the skin, Pf sporozoites 
migrate to the liver where they infect hepatocytes to develop into merozoites, the parasite stage that causes 
the symptomatic phase of the disease by infecting and multiplying within red blood cells. Antibodies against 
Pf circumsporozoite protein (PfCSP), the major sporozoite surface antigen can mediate sterile immunity in 
animal models. However, protective antibody titres are not induced by natural Pf exposure and the RTS,S 
AS01, the most advanced CSP-based malaria vaccine candidate, showed modest and short-lived protective 
efficacy in a recent Phase III trial suggesting that protective humoral immunity and memory are difficult to 
induce. Over the last years, we have gained molecular and functional insights in the development of human 
anti-CSP B cells responses by following the clonal evolution and maturation of the response over repeated 
Pf exposures in volunteers inoculated with aseptic, purified, cryopreserved Pf sporozoites to induce 
immunity. Our published and unpublished data shed light on the role of clonal selection versus affinity 
maturation in this unique model system that may be of major importance for vaccine design strategies not 
only against CSP. 
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A virological response to PEG-IFNa treatment of hepatitis delta is associated with an 
improved clinical long-term outcome: 10 years follow-up of the HIDIT-1 study 
 
A. Wranke1, C. Yurdaydin2, B. Heidrich1, 3, K. Zachou4, K. Yalcin5, F. Tabak6, F. Lammert7, D. Häussinger8,  
T. Müller9, M. Wöbse1, M. P. Manns1, 10, H. Wedemeyer1, 3, 11, S. Hardtke1, 3 

1Dep. for Gastroenterology,Hepatology and Endocrinology, Hannover Medical School, Hannover, Germany, 
2Medical Faculty, Ankara University, Ankara, Turkey, 3German Center for Infection Research (DZIF), Partner 
site Hannover-Braunschweig, Hannover, Germany, 4Department of Medicine and Research Laboratory of 
Internal Medicine, University of Thessaly, Larissa, Greece, 5Medical Faculty, Dicle University, Diyarbakir, 
Turkey, 6Department of Infectious Diseases, Istanbul University,Cerrahpasa School of Medicine, Istanbul, 
Turkey, 7Department of Medicine II, Saarland University Medical Center, Homburg, Germany, 8Department 
of Gastroenterology, Hepatology and Infectious Diseases, Heinrich Heine University, Düsseldorf, Germany, 
9Campus Virchow-Klinikum (CVK), Charite, Berlin, Germany, 10German Center for Infection Research, 
Partner site Hannover-Braunschweig, Hannover, Germany, 11Department of Gastroenterology and 
Hepatology, University Hospital Essen, University of Duisburg Essen, Essen, Germany 
 
Background and aims:  
Infections caused by HDV are the most severe form of viral hepatitis, frequently leading to cirrhosis and 
consecutive liver-related complications, hepatocellular carcinoma (HCC) and death. PEG-interferon alpha 
treatment results in HDV RNA suppression in 25-30% of patients but late HDV RNA relapses occur and the 
impact on the development of clinical endpoints is unclear. Nevertheless, treatment with pegylated Interferon 
alpha (PEG IFNa) is still the only recommended therapy  
The aim of this study was to investigate the long-term outcome after a 48 weeks course of PEG-IFNa 
therapy.  
  
Methods:  
We performed a retrospective follow-up study of patients included in the HIDIT1 trial (Wedemeyer H. et al., 
NEJM 2011). Patients received 48 weeks of treatment with either PEG IFN-2a plus adefovir dipivoxil (Group 
I), PEG IFN-2a alone (Group II), or adefovir dipivoxil alone (Group III). Liver related complications were 
defined as liver-related death, liver transplantation, HCC and hepatic decompensation (Child Pugh B,C or an 
increase in MELD of five or more points in relation to baseline values). Patients were censored for further 
analysis when patients were (re-)treated with PEG-IFNa.  
  
Results:  
Long-term follow up data of at least one year after EOT were available from 60 patients with a median follow 
up 5.2 (1.1-13.4) (19 group I, 20 group II and 21 group III).  
During follow up 25 patients were (re-) treated with IFN-based therapy. At the last available visit, 20 (33.3%) 
patients were HDV RNA negative. Late-HDV RNA relapses of patients being negative at post-treatment 
week 24 were observed in 8/14 individuals. Only six patients of those who were HDV negative at week 72 
did not show any positive HDV RNA results during long term FU.  
HBsAg was negative in 2 patients at post-treatment week 24 and in all together 6 patients (9.8%) at the last 
available visit (all after PEG-IFNa therapy). None of the 6 HBsAg negative patients developed a clinical 
event but one patient who lost HBsAg later during follow-up still experienced an episode of hepatic 
decompensation  
In total 11 patients (18.0%) developed clinical endpoints after a median time of 3.6 (1.4-9.9) years (hepatic 
decompensation (n=7) and liver transplantation (n=4)). No significant differences in clinical outcome could be 
observed between the three treatment arms in Kaplan Meier analyses. Interestingly, only one of the patients 
who were HDV RNA negative at post-treatment week 24 developed a clinical endpoint and all patients who 
had undetectable HDV RNA results throughout follow-up (n=8) remained free of hepatic events.  
 

Conclusion:  
This long-term follow-up study of a large randomized clinical trial suggests that an off-treatment HDV RNA 
response to PEG-IFNa treatment is associated with an improved clinical long-term outcome of hepatitis 
delta. 
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Anopheles gambiae-transmitted controlled human malaria infections (by-bite CHMI) as a 
unique and versatile clinical trial platform 
 
S. Borrmann1, 2, A. A. Adegnika1, 2, 3, A. McHardy4, 5, R. Geffers4, 5, J. Schmidt-Chanasit6, 7 
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for Infection Research, Tübingen site, Germany, 3Centre de Recherches Médicales de Lambaréné, 
Lambaréné, Gabon, 4Helmholtz Centre for Infection Research, Braunschweig, Germany, 5German Center for 
Infection Research, Hannover-Braunschweig site, Germany, 6Bernhard-Nocht-Institute for Tropical Medicine, 
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Germany 
 
We plan to establish a safe and reliable protocol for Anopheles gambiae-transmitted controlled human 
malaria infections (by-bite CHMI) as a unique and versatile clinical trial platform at the DZIF partner site 
CERMEL, Lambaréné, Gabon. The endpoints in the planned phase I trial in semi-immune volunteers will be 
(i) the safety of multi-clonal P. falciparum infections transmitted by A. gambiae mosquito bites and (ii) the 
infectivity of mosquito-transmitted multi-clonal infections (PCR-detectable parasitaemia).  
  
This project would take advantage of the recently completed, DZIF-funded BSL-3 facility at the CERMEL, 
Lambaréné, Gabon that houses a state-of-the-art insectary and is fully equipped to support this study. 
Moreover, there is synergy with the DZIF-funded set of clinical trials designed to move sporozoite-based 
vaccine protocols towards licensure as well as with ongoing studies of immunological mechanisms of 
protection. The establishment of a clinical protocol for mosquito-transmitted sporozoite inoculation at the 
CERMEL is a strategic investment in a unique platform that will consolidate and significantly expand our 
capacity to to deliver essential evidence-based guidance for optimising and further advancing P. falciparum 
sporozoite-based vaccine regimens for at-risk populations in malaria-endemic countries within the DZIF.  
  
In summary, we expect this project to establish the experimental platform for future collaborative studies 
within the TTU Malaria and across different TTUs. 
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MALACHITE: Safety and protective efficacy of intravenous immunization with 
cryopreserved Plasmodium falciparum sporozoites under atovaquone/proguanil 
chemoprophylaxis 
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D. M. Weller1, 2, W. Metzger1, 2, J. Held1, 2, T. Gebru1, 2, A. Knoblich1, 2, B. K. L. Sim3, T. L. Richie3,  
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for Infection Research, Tübingen site, Germany, 3Sanaria Inc., Rockville, MD, United States, 4Centre de 
Recherches Médicales de Lambaréné, Lambaréné, Gabon 
 
Background. Using Plasmodium falciparum sporozoites (PfSPZ Challenge) with a concomitant antimalarial 
(PfSPZ Chemoprophylaxis Vaccine – PfSPZ-CVac) is a promising method to evoke sterile immunity against 
malaria. However, the optimal chemoprophylactic regimen has not yet been determined. The majority of 
human data are available about chloroquine; nevertheless, animal models also predict an encouraging 
potential of atovaquone/proguanil (A/P).  
  
Aims. Our aim was to establish a safe and well-tolerated immunization regimen using PfSPZ Challenge 
combined with a single concomitant dose of A/P, to provide consistent sterile protection against Pf infection.  
  
Methods. In group A, we administered 51,200 PfSPZ intravenously three times, four weeks apart to 10 
volunteers and placebo to 5 volunteers in a double blinded randomized manner. Group B was similar, but 
here a dose of 150,000 PfSPZ was administered to the verum participants (again, 10 verum/5 palcebo). 
1000/400 mg A/P per dose was given with each PfSPZ/placebo immunization. Efficacy was tested using 
homologous, standardized controlled human malaria infection by direct venous inoculation of 3,200 PfSPZ 
Challenge 10 weeks following the last immunization.  
  
Results. 30 healthy participants were recruited from 08.11.2016 to 03.03.2017. Challenge infection and 
follow-up was performed in 12 participants (3 dropouts for logistical reasons) in Group A, and in all 15 
individuals in Group B. The immunization was well tolerated; no associated adverse events were reported 
and no parasites were detected in peripheral blood. In Group A, 2/8 verum and 0/4 placebo volunteers were 
protected following the sporozoite inoculation (Boschloo test, p=0.55; 25% protective efficacy). In Group B, 
2/10 verum and 0/5 placebo were protected (Boschloo test, p=0.56, 20% protective efficacy).  
  
Discussion. The protective efficacy was modest in both groups compared to the sterile protection achieved 
with the same dosing of PfSPZ combined with chloroquine. In contrast to chloroquine, which acts exclusively 
on asexual blood stage parasites, transient parasitaemia was not observed during the immunization phase. 
An efficacious antimalarial activity of A/P against early intrahepatic stages may have diminished amount and 
breath of antigen exposure. This would explain the lower immunization effect.  
  
Conclusion. Development of PfSPZ-CVac should focus on blood-stage- and late liver-stage-targeting 
antimalarials rather than those with early intrahepatic activity in the future. 
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Optimization of immunosuppressive treatment by pharmacodynamic monitoring in a 
multicenter approach 
 
C. Sommerer1, O. Millan2, O. Rissling3, K. Budde3, M. Brunet2, L. Guirado4, S. Meuer5, M. Zeier1, T. Giese5 

1Renal Center Heidelberg, Division of Nephrology, Medical University Hospital Heidelberg, Heidelberg, 
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3Charite University Hospital Berlin, Nephrology, Berlin, Germany, 4Fundació Puigvert Barcelona, Renal 
Transplant Unit, Nephrology Department, Barcelona, Spain, 5University Hospital Heidelberg, Immunology, 
Heidelberg, Germany 
 
Background: The transcriptional activity of nuclear factor of activated T-cells (NFAT)-regulated genes in the 
peripheral blood has been suggested as a potentially useful immune monitoring method to individualize 
calcineurin inhibitor therapy. The aim of the present study was to characterize the possibility and clinical 
utility of monitoring of residual NFAT-regulated gene expression in renal allograft recipients in a multicenter 
approach.  
  
Methods: De novo renal allograft recipients were recruited in this prospective non-interventional 6-month 
trial. Immunosuppression consisted of tacrolimus (Tac), mycophenolic acid and low-dose steroids. Residual 
expression (RE) of NFAT-regulated genes (IL-2, IFNy, GM-CSF) was measured by quantitative real-time 
PCR at C0 and C1.5 after Tac intake.  
  
Results: In total, 64 patients were enrolled from three European transplant centers. Mean age was 48±12 
years (41 male, 30 living donation). NFAT-RE showed a high inter-individual variability. Mean NFAT-RE 
increased from day 14 to month 6 (15±16 to 40±26%). Low inhibition of NFAT-regulated genes (NFAT-
RE>40%) within the first three months after transplantation was associated with an increased risk of acute 
rejection episodes. Patients with CMV infections (n=10) showed significantly higher inhibition of NFAT-
regulated genes compared to patients without CMV replication (NFAT-RE month 2: 16±13 vs. 39±30%, 
p=0.013).  
  
Conclusions: A high immunosuppressive load is an important risk factor to develop infections as CMV 
viremia after renal transplantation, whereas a low inhibition of T-cell associated genes as IL2 is a risk factor 
for acute rejections.  
Monitoring of NFAT regulated gene expression in Tac treated transplant recipients is supposed to be a 
supporting tool to detect patients on risk of viral replication, acute rejections and provides an individual profile 
of response to calcineurin inhibitors that facilitates individual dose adjustments of this drug. This could be 
confirmed in the present multicenter approach. 
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Background: Viral infections as cytomegalovirus (CMV) or BK virus replication are severe complications after 
renal transplantation. After introduction of the actual standard immunosuppression, mycophenolic acid 
(MPA) and calcineurin inhibitors (CNIs), especially tacrolimus (TAC), an especially an increased prevalence 
of BK viremia has been detected. Until now, the best prophylaxis against viral complications is an individually 
adapted optimal immunosuppression. The first pharmacodynamics assay to measure the individual degree 
of immunosuppression of calcineurin inhibitors is established by quantitative assessment of NFAT-regulated 
gene expression (NFAT-RGE).  
  
Methods: Renal allograft recipients at the Transplant Center Heidelberg were included in this prospective 
observational study. All partients are participants of the Transplant cohort in the DZIF (German Center for 
Infection Research) consortium. Immunosuppression consisted of MPA, Tac and low-dose steroids (<5mg) 
with induction therapy. All patients had regular BK viremia (PCR) assessments every three months in the 
first year after transplantation and annually thereafter. CMV viremia (PCR) screening was performed in case 
of clinical symptoms. Residual expression of NFAT-regulated genes (interleukin 2, IL-2; interferon-y, IFNy; 
and granulocyte-macrophage colony-stimulating factor, GM-CSF) in PMA/ionomycin-stimulated peripheral 
blood from renal transplant patients was measured by quantitative real-time PCR at predose and 1.5h after 
TAC intake.  
  
Results: Patients´ demographics are shown in Table 1. 27 out of 75 patients (36%) developed CMV and/or 
BKV viremia. Interindividual variability of residual NFAT-regulated gene expression (NFAT-RGE) was high 
(minimum 4%, maximum 98%, mean 39 ± 21%).  
Immunosuppression and pharmacokinetic data of patients with and without CMV or BKV infection did not 
show any significant difference. Steroid and MPA doses were comparable in both study groups. Tacrolimus 
peak level was higher in the infection cohort but this was not statistical significant. Mean NFAT-RGE was 
significantly lower in patients who developed CMV and/or BKV replication (46.5 + 19.3% vs. 26.0 + 18.9%; 
p< 0.0001). Incidence of viral complications was significantly higher with NFAT ≤ 30% compared to NFAT > 
30% (p=0.005).  
  
Conclusions: A high immunosuppressive load is an important risk factor to develop viral complications as 
CMV or BK viremia after renal transplantation. Tac treated renal allograft recipients with NFAT-RGE ≤30% 
are on increased risk to develop viremia. Monitoring of NFAT regulated gene expression in tacrolimus 
treated transplant recipients might be useful tool to detect patients on risk of viral replication and provides an 
individual profile of response to CNIs.  
  
*supported by the DZIF (German Center for Infection Research 
 



Symposium III: Immunotherapy/Vaccines 

 112 

 

P 74 
 
The European Vaccine Initiative “Developing vaccines for diseases of poverty and emerging 
infectious diseases” 
 
H. Depraetere, N. Viebig, S. Jungbluth, O. Leroy 
European Vaccine Initiative, UniversitätsKlinikum Heidelberg, Heidelberg, Germany 
 
The European Vaccine Initiative (EVI) is a leading European non-profit product development partnership 
(PDP) that is supporting global efforts to develop effective, accessible, and affordable vaccines against 
diseases of poverty and emerging infectious diseases.  
Through continuous collaborations and exchange with academia, industry, policy makers, donors and other 
stakeholders, EVI is building a vaccine portfolio that addresses critical challenges to research and 
development (R&D) of vaccines for global health. EVI also engages in initiatives aimed at creating 
harmonisation between global stakeholders in vaccine R&D and supports capacity strengthening activities.  
Since its inception in 1998, it has contributed to the development of more than 30 vaccine formulations, 
seventeen of which have been advanced into phase I clinical trials and three of which have been transitioned 
for further clinical development in sub-Saharan Africa. Diseases/pathogens currently targeted by the 
vaccines in EVI´s portfolio include Zika and influenza virus, malaria, leishmaniasis and others.  
In addition to vaccines for specific diseases, EVI is also supporting translational vaccine development by 
offering cutting-edge scientific-technical services in the context of the European vaccine R&D infrastructure -
TRANSVAC2- that is coordinated by EVI.  
TRANSVAC2 is a network-based infrastructure bringing together 26 partners from nine EU countries. Its 
main objectives are to support innovation for both prophylactic and therapeutic vaccine development. The 
technical services offered are across four different platforms: (i) Technology; (ii) Immunocorrelates and 
systems biology; (iii) Animal models; and (iv) Clinical trial support. Moreover, TRANSVAC2 offers classroom 
and laboratory training in vaccinology.  
In our presentation at the DZIF annual meeting, more information on the TRANSVAC2 infrastructure, 
including its current activities and ultimate goals, will be presented. 
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B-cell epitopes in norovirus GII.4 capsid protein 
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Introduction: Human norovirus (NoV) is leading cause of acute nonbacterial gastroenteritis outbreaks 
worldwide. NoV GII.4 genotype is the most commonly detected strain worldwide, particularly in association 
with outbreaks. Although some studies on molecular evolution of GII genotypes have been conducted, B cell 
epitopes and structural evolution of the major capsid protein of NoV GII.4 are not well understood. Here, we 
applied sequence alignment, structural modelling and molecular dynamic analysis to predict the effects of 
amino acid substitutions on the accessibility of antigenic B-cell epitopes within the capsid protein.  
 
Methods: Full-length nucleotide sequences of capsid gene from norovirus GII.4 genotype associated with 
NoV outbreaks were retrieved and multiple sequence alignment was then generated. Linear B-cell epitopes 
were predicted using epitope prediction tools database. The location of the predicted epitope within 
transmembrane regions was evaluated; epitopes presented at the surface of the membrane were further 
analyzed for antigenicity. The predicted epitope regions were then mapped to the protein structures. Each 
structural model was optimized using the energy minimization servers Modrefiner and Chiron, and quality of 
the models was evaluated by PROSA. Molecular dynamics simulation was performed using GROMACS 5.1 
and the data was analyzed with built-in GROMACS tools. 
  
Results and conclusion: Our data identified 72 variable and hypervariable sites, 13.3% of the VP1 sequence; 
of which, more than half were located in the P2 domain. New linear antigenic B-cell epitopes were predicted; 
of these, two epitopes within the S domain were found to be conserved within GII.4 genotype. Molecular 
dynamic analysis of the modelled structures revealed conformational evolution of antigenic B-cell epitopes in 
the P2 domain associated with the appearance of the GII.4 variants responsible for NoV outbreaks. The 
results provide a stronger basis for the evolution of B cell epitopes within norovirus capsid protein, which is 
critical to the development of effective vaccines. 
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T cells can be re-directed through the introduction of antigen-specific receptors to fight infections or cancer. 
Engineering of T cell receptors (TCRs) is particularly attractive due to the vast diversity of potential targets. 
However, therapeutic TCR engineering has remained challenging. TCRs are complex heterodimeric 
receptors and competition and mispairing between endogenous and transgenic receptors can occur. 
Moreover, conventional TCR introduction leads to unphysiological TCR regulation. Advanced genomic 
engineering tools now allow elimination of endogenous TCR chains and even introduction of TCRs into 
endogenous TCR genes. Here we engineered human T cells using CRISPR-Cas9 to delineate the functional 
consequences of endogenous TCR elimination and orthotopic TCR placement. We validated non-viral 
CRISPR-Cas9-mediated knock-in with three different TCRs and compared this technology to conventional 
TCR engineering strategies. We found that while transgenic TCRs placed in the endogenous TCR ɑ chain 
are highly functional, single-chain editing still results in significant mispairing. However, editing of ɑ and β 
chains overcomes this problem and, combined with orthotopic TCR placement, enables T cell engineering 
with physiological gene regulation and accurate TCR pairing.  
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Adenoviruses are a major cause of infectious mortality in children following allogeneic haematopoietic stem 
cell transplantation, with adoptive transfer of adenovirus specific T-cells an effective therapeutic approach. 
We have previously shown that T-cells, specific for the peptide epitope LTDLGQNLLY, were protective. Here 
we aimed to establish a viral dissemination assay to measure the antiviral capacity of T-cells specific for this 
and other peptide epitopes in an infectious setting. We used replication-competent Ad11pGFP and 
Ad5F35GFP viruses, and T-cells specific for HLA-A*01-restricted LTDLGQNLLY, HLA-B*07-restricted 
KPYSGTAYNAL and HLA-A*02-restricted LLDQLIEEV peptide epitopes. T-cells in PBMC from healthy 
donors were expanded with peptide and interleukin-2, or treated with interleukin-2 alone to serve as non-
stimulated control cells, and then these expanded or non-stimulated CD8+ cells were purified and co-
cultured with autologous monocytes infected with adenovirus at low multiplicity of infection. After three days 
the number of infected GFP-positive monocytes, and hence viral dissemination, was quantified by flow 
cytometry. T-cells expanded with LTDLGQNLLY peptide from multiple HLA-A*01+ donors prevented 
adenovirus dissemination, and non-stimulated T-cells did not prevent dissemination, thus indicating that 
LTDLGQNLLY-specific T-cells have high antiviral capacity. Similarly, expanded KPYSGTAYNAL- and 
LLDQLIEEV-specific T-cells could prevent viral dissemination. However, the frequency of expanded T-cells 
specific for these last two epitopes was variable between donors, with consequent variable prevention of 
adenoviral dissemination. Taken together, we demonstrate that T-cells specific for three peptide epitopes, 
from both structural and non-structural proteins, can prevent adenoviral dissemination, and provide a novel 
method to measure the antiviral capacity of adenovirus-specific T-cell responses. 
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Treasure hunt: Ultrasensitive IP-10 quantification in the peripheral blood and GALT of long-
term treated HIV infected individuals 
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Background  
The gut associated lymphatic tissue (GALT) plays a major role in the immunopathogenesis and viral 
persistence of an HIV infection. PD-1 and the pro-inflammatory chemokine IP-10 and its ligand CXCR3 are 
involved in the establishment of viral reservoirs in nonhuman primates. We investigated the interplay of IP-
10, CXCR3, PD-1, and the size of the viral reservoir in the peripheral blood and GALT of HIV+ patients to 
further the understanding of persistence of HIV viral reservoirs. 
 

Methods  
Gut biopsy samples from terminal ileum (TI), rectum (R) and blood (B) were collected from 20 HIV+ virally 
suppressed patients and 11 controls. Median age (years) HIV+: 56 (48-60) vs. controls: 53 (44-60). CD4+ T 
cells HIV+ [cells/µl]: 696 (495-955). Time on ART [years]: 8 (5.5-10). Mucosal mononuclear cells were 
enzymatically and mechanically isolated. Using a FACS Aria cell sorter, we identified CD4+ T cell memory 
subsets using CD45RO+ (T central memory (TCM CD27+CCR7+), T transitional memory 
(TTMCD27+CCR7-), and effector memory cells (TEM -CD27-CCR7-)). Expression of CXCR3 and PD-1 were 
assessed in CD4+ T cell subsets on gut and PBMCsby flow cytometry. Total HIV DNA was quantified by 
qPCR within the memory subsets. Ultrasensitive assay (Simoa; Quanterix) was used to measure IP-10 in the 
serum and tissue supernatant. Data (geometric mean, median and interquartile range (IQR)) were analysed 
using Mann-Whitney, Wilcoxon matched pairs, and Spearman rank tests as applicable. 
 

Results  
In HIV+ patients, we found a significantly higher expression of CXCR3 and PD-1 on memory subsets in the 
TI [geo. mean: CXCR3: 157(131-193) p=0.01; PD-1: 225(162-286) p=0.0001] and R [CXCR3: 204(125 – 
581) p=0.04; PD-1: 224(141-275) p=0.0024] when compared to the B [CXCR3: 124(90-158); PD-1: 128(102-
170)]. Moreover, in the B and TI the CXCR3 and PD-1 expression had significantly higher expression on 
memory subsets when compared to naïve cells (CXCR3: B: p=0.0007, TI: p=0.01; PD-1: B: p< 0.0001, TI: 
p=0.0008). IP-10 levels (pg/ml), median were significantly increased in the B and TI of HIV+ individuals [B: 
32(23-54), TI: 21(8-28)], when compared to healthy controls [B: 17(7-25) p=0.04, TI: 0.75(0.75-16) p=0.04]. 
In HIV+ individuals the highest IP-10 levels were found in B as compared to TI and R [B: 32(23-54) > TI: 
21(8-28) = R: 25(12-42); p=0.03; p>0.05)]. Finally, ileal IP-10 levels positively correlated to total HIV-DNA in 
the TI (r=0.67 p=0.04) and the ileal TEM (r=0.70 p=0.03), as well as to CXCR3 and PD-1 expression in 
memory subsets of all sites (CXCR3: B: p=0.03 TI: p=0.04; R: p=0.04; PD-1: B: p=0.02, TI: p=0.001, R: 
p>0.05).  
 

Conclusions  
Increased IP-10 levels as well as PD1 and CXCR3 expression in HIV+ GALT persist on ART and correlate 
with total HIV DNA. To our knowledge, IP-10 proteins are quantified for the first time in GALT during chronic 
HIV-1 infection. Our findings contribute to the design of future immune-modifying strategies that aim to 
reduce viral reservoirs. 
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Secondary lymphoid organs play an important role in the pathogenesis of HIV, with the gut-associated 
lymphoid tissues being a key anatomical site for virus replication. The analysis of cells derived from lymphoid 
tissues by polychromatic flow cytometry and molecular methods has yielded valuable insight into the cell 
types involved in the immune response against HIV as well as into the virus preferred target cells. These 
methods, however, cannot provide information on the spatial localisation of infected cells within tissues or 
other parameters such as cellular shape, polarisation, and interactions with other cells. In order to determine 
the localisation and phenotype of productively HIV-infected cells within lymphoid tissues, we set out to 
establish a dual protocol for the detection of total HIV mRNA by in situ Hybridisation (ISH) and cellular 
markers by fluorescence immunohistochemistry (IHC). To this end, we applied the novel ISH technique 
RNAscope to formalin-fixed paraffin embedded (FFPE) sections of mesenteric lymph nodes and spleen of 
HIV infected humanised mice as well as to ileum biopsies of HIV infected patients. Total HIV RNA was 
detected using a subtype B specific probe and visualised fluorescently. ISH was followed by a standard 
multiplex fluorescence immunohistochemistry for cellular lineage markers such as CD3, CD4, and FoxP3, or 
functional markers such as Granzyme B. This combined ISH-IHC method allows us to determine the 
localisation of HIV infected cells within tissue samples with intact morphology, as well as to study phenotypic 
characteristics of productively HIV infected cells and their interaction partners. 
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Recombinant Modified Vaccinia virus Ankara delivering G and F antigens of Nipah Virus 
 
A. Volz1, S. Veit1, S. Jany1, E. Dietzel2, A. Kupke2, S. Becker2, G. Sutter1 

1German Center for Infection Research (DZIF), Institute for Infectious Diseases and Zoonoses, Chair for 
Virology, LMU Munich, Munich, Germany, 2German Center for Infection Research (DZIF), Institute of 
Virology, Philipps University Marburg, Marburg, Germany 
 
Nipah virus (NiV), a highly pathogenic zoonotic paramyxovirus (BSL4), is transmitted from bats via pigs as 
intermediate hosts to humans. In humans, NiV infection results in severe acute respiratory syndrome and 
fatal encephalitis with high mortality rates. 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 prophylaxis in 
humans and animals.  
The Modified Vaccinia virus Ankara (MVA), a highly attenuated and replication deficient vaccinia virus with 
an exceptional safety profile, serves as a potent vector system for development of new candidate vaccines 
against infectious diseases and cancer.  
Here, we generated recombinant MVA candidate vaccines expressing NiV antigens compatible with clinical 
evaluation. The NiV attachment glycoprotein (G) and the fusion protein (F) are highly promising candidate 
immunogens for the development of efficient candidate vaccines. The cDNA gene sequences encoding for 
the G and F antigen were generated by DNA synthesis and modified by introducing silent codon alterations 
that remove termination signals for vaccinia virus early 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 . 
Infections of human cell cultures with recombinant MVA demonstrated efficient synthesis of NiV G and F 
proteins in mammalian cells non-permissive for MVA replication. When evaluated as experimental vaccine in 
IFNAR-/- mice, MVA-NiV-G was inoculated twice within a 21-day interval. Intramuscular or subcutaneous 
immunizations with 108 pfu MVA-NiV-G vaccine induced G-specific CD8+ T cells and circulating antibodies 
that efficiently neutralized NiV infections in highly permissive tissue cultures. Thus, these recombinant MVA-
NiV candidate vaccines await further testing in order to evaluate their protective efficacy in a mouse model 
for NiV challenge. 
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Malaria is an important global health issue and there is an urgent need for the development of an effective 
vaccine. There is strong evidence that MHC class I-restricted CD8+ T cells are important to achieve sterile 
protection. Conducting a comprehensive data base (IEDB) and literature review, we present an interactive 
epitope map of all published malaria-specific CD8+ T cell epitopes to date. The majority of described 
malaria-specific CD8+ T cells were directed against the CSP (here shown in Figure01), TRAP, AMA1 and 
LSA1 antigen. Notably, most of the epitopes were discovered in vaccine trials conducted with malaria-naïve 
volunteers. Immunological studies of CD8+ T cell epitopes detected in patients and volunteers from malaria 
endemic areas are largely missing. Further comprehensive mapping of malaria-specific epitopes in different 
settings is warranted to get a better understanding of the malaria-specific immune response and to better 
guide vaccine design.  
 

 
Epitope map of the circumsporozoite protein (CSP) 
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Introduction: Epstein-Barr-Virus (EBV) usually causes asymptomatic infections, but can also lead to EBV-
associated malignancies, autoimmune diseases or infectious mononucleosis (IM). It is suspected that 
sequence variations of different EBV strains might influence viral pathogenicity and immunogenicity. Next-
generation sequencing (NGS) allows comprehensive insights across the entire EBV genome (length approx. 
172 kbp) and might help to investigate the association of EBV diversity with disease. Here we sequenced 24 
EBV genomes directly from clinical specimens from pediatric IM patients recruited in the DZIF study 
„Biomarkers and causative factors of complicated and/or protracted Epstein-Barr virus-associated infectious 
mononucleosis in Munich“ (IMMUC study).  
Methods: EBV-positive mouth washes (n=19) and plasma samples (n=5) (median EBV-load 2.8 x 104 and 
1.4 x 104 IU/ml, respectively) collected from 21 patients (median age 14 (3-22) years, 5 with mild-to-
moderate and 16 with extensive IM according to the novel IMMUC staging score) were sequenced on a 
MiSeq after preparation of target-enriched sequencing libraries. The EBV type was assigned by alignments 
of the EBNA2 amino acid sequences. Presence of multiple strain infections and differences among EBV 
genomes from different anatomical compartments were determined by variant analysis of data sets against 
the respective consensus sequence. Preliminary positive-selection analysis of T-cell epitopes (Datamonkey 
web server) was performed for the latency-associated genes EBNA2, EBNA3A and -3B, LMP1 and LMP2B.  
Results: 24 consensus EBV genome sequences were assembled. The median average coverage (928 reads 
per nucleotide) correlated well with the viral load and was similar for both specimen types (mouth washes 
and plasma). With one exception (type EBV-2) all sequences were assigned to type EBV-1. The average 
nucleotide diversity of the 23 EBV-1 consensus sequences was 0.59% (MUMmer software, pairwise 
alignment). Variant analysis detected minor variants (with 2%-49% frequency) along the entire EBV genome 
length in some samples, but it is unclear, if this reflects the presence of multiple infections (i.e. involving >=2 
EBV strains). EBV sequences deriving from different compartments of three patients did not differ 
significantly. Preliminary positive-selection analysis of the 24 data sets from this study identified previously 
described T-cell epitope variations in EBNA3A and -3B; a larger samples size should be analyzed in the 
future.  
Conclusions: Deep sequencing of EBV genomes directly from clinical samples in children with IM is feasible. 
Associations between viral polymorphisms and clinical features (such as mild-to-moderate vs. extensive 
disease) and other host factors will be explored and could provide novel insight into the pathogenesis of EBV 
infection. 
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Middle East Respiratory Syndrome coronavirus (MERS-CoV), a novel infectious agent causing severe 
respiratory disease and deaths in humans, was first described in 2012. Modified Vaccinia virus Ankara 
(MVA), a highly attenuated strain of vaccinia virus originating from growth selection on chicken embryo 
fibroblasts (CEF) 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 MERS-CoV the 
candidate antigens spike (S) protein and nucleoprotein (N). The target genes were cloned into MVA vector 
plasmids and introduced by homologous recombination into the MVA genome. MVA-MERS-S, MVA-MERS-
N and MVA-MERS-S/N were genetically stable and replicated efficiently in CEF but not in human HeLa or 
HaCat cells. S-specific antibodies seem to play a major role in controlling MERS-CoV infection and in 
mediating vaccine-induced protective immunity. In contrast, relatively little is known about the role of T cell 
responses and the antigenic targets in MERS-CoV that are recognized by CD8 T cells. Therefore, the highly 
conserved nucleocapsid (N) protein is considered a promising target immunogen to elicit MERS-CoV-
specific cellular immune responses. Overlapping peptides were used to identify major histocompatibility 
complex class I-restricted epitopes in mice immunized with MVA-MERS-N or MVA-MERS-S/N. The 
identification of these epitopes will facilitate studies of immune correlates of protection and the evaluation of 
vaccine strategies in murine models of MERS-CoV infection. 
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Enterococci are among the most commonly isolated pathogens associated with healthcare infections. Until 
the 1980s, the majority of enterococcal infections was caused by E. faecalis, but since the beginning of 
1990s E. faecium has dramatically increased in frequency. These organisms have become a serious 
concern because of the increased proportion of isolates displaying diverse virulence determinants and due to 
the reduced susceptibility to first and second line antibiotics. Therefore, identification of surface antigens 
from enterococci for vaccine development is a promising strategy to fight this pathogen. Since the 
carbohydrate diversity of E. faecium has not been studied as much as the one from E. faecalis, the aim of 
this work was to identify novel polysaccharides from E. faecium strains that enable them to resist 
opsonophagocytosis and assess their immunogenicity. To this end, an in vitro opsonophagocytic assay 
(OPA) was performed against different E. faecium strains. The strain E. faecium U0317 was selected for 
further analysis since it showed resistance to antibodies targeting lipoteichoic acid and sensitivity to the ones 
directed against the whole bacterium (anti-U0317). Polysaccharides from the target strain were extracted by 
enzymatic digestion; the resulting crude polysaccharide mixture was dialyzed and fractionated by size 
exclusion chromatography (SEC). Pooling of the fractions was performed according to the different organic 
groups detected by colorimetric assays, the physicochemical characteristics measured with FPLC detectors 
and the immunoreactivity of fractions with the anti-U0317 serum. Two major pools were obtained after SEC 
at ~670kDa (A2) and ~80kDa (A4). However, only A2 was immunoreactive with anti-U0317 serum. The pool 
A2 was further purified by two successive anion exchange chromatographic separations using one and two 
step linear gradient elution modes. The resulting polysaccharide I22 was immunoreactive with anti-U0317 
serum and completely inhibited the opsonic killing activity of anti-U0317 serum. Preliminary structural 
elucidation of I22 by one and two-dimensional NMR spectroscopy showed that this polysaccharide has a 
novel structure, making it a promising vaccine target. Bovine serum albumin BSA and an immunogenic 
secreted antigen SagA (Kropec et al.) were used to conjugate polysaccharide I22. The resulting 
glycoconjugates I22-BSA and I22-SagA were used to immunize mice and terminal immune sera were tested 
in OPA. Mice antibodies raised during immunization with the glycoconjugates mediated opsonic killing of the 
target strain E. faecium U0317, indicating its feasibility for active immunotherapy. The data presented here 
demonstrate that using serum targeting whole bacterium resulted in the identification of novel carbohydrate 
vaccine targets.  
 
Kropec A, et al. 2011. Identification of SagA as a novel vaccine target for the prevention of Enterococcus 
faecium infections. Microbiology 157:3429–34. 
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In the last decades, enterococci have emerged as important nosocomial pathogen worldwide mainly due to 
their intrinsic capability to escape the action of most commonly used antibiotics and their remarkable ability 
to develop new antimicrobial resistances. Enterococcus faecalis and Enterococcus faecium are the most 
relevant species affecting human health since they contribute on a significant extent to the urinary tract, 
intra-abdominal, and bloodstream healthcare-associated infections. Antimicrobial resistance in enterococci is 
caused by multiple mechanisms and contributes to its increased morbidity and mortality. Bacterial cell 
surface components, such as polysaccharides and surface-related proteins, play important roles in 
enterococcal pathogenesis and its ability to evade the host’s immune system. That is why non-antibiotic 
treatments such as vaccines have been focused on the targeting of these molecules. In our previous 
research, we have shown that E. faecium proteins, such as the secreted antigen A (SagA)1 and the peptidyl-
prolyl cis-trans isomerase (PpiC)2, as well as the E. faecalis cell wall polymer diheteroglycan (DHG)3 are able 
to induce opsonic and cross-protective antibodies that target enterococci. In the present work, we evaluated 
the potential of these immunogenic proteins conjugated to the DHG for the development of a cross-species 
vaccine with broad coverage. The production and purification of SagA, PpiC, and DHG were performed as 
previously described by Kropec et al., Romero-Saavedra et al., and Theilacker et al., respectively. DHG was 
conjugated to the immunogenic proteins and CRM197 (as control) by cyanylation reaction with CDAP at 1:1 
ratio. The glycoconjugates were used to immunize New Zealand white rabbits. The resulting antibodies 
showed increasing IgG titers against the corresponding conjugate, protein and native DHG. Sera were 
evaluated by in vitro opsonophagocytic (OP) assay against different E. faecalis and E. faecium strains. 
Polyclonal DHG-SagA, DHG-PpiC, and DHG-CRM antibodies showed high OP killing activity (70-92%) in a 
comparable manner against all the evaluated E. faecalis strains. On the other hand, for the E. faecium 
strains tested only the conjugates with SagA and PpiC showed effective OP killings (> 40%). Our results 
demonstrate the potential use of these immunogenic proteins as carrier proteins for antigen formulations in 
order to generate a vaccine with a broader coverage against these nosocomial pathogens.  
  
1. Kropec, A. et al. Identification of SagA as a novel vaccine target for the prevention of Enterococcus 
faecium infections. Microbiology 157, 3429–34 (2011).  
2. Romero-Saavedra, F. et al. Identification of peptidoglycan-associated proteins as vaccine candidates for 
enterococcal infections. PLoS One 9, e111880 (2014).  
3. Theilacker, C. et al. Serodiversity of opsonic antibodies against Enterococcus faecalis glycans of the cell 
wall. PLoS One 6, e17839 (2011). 
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Background: Over the last decades, clinical trials increasingly involve partners from all over the world. 
These global undertakings are usually conducted under the Good Clinical Practice of the International 
Conference on Harmonization (ICH-GCP). Although the ICH-GCP is considered to be the testimony of 
harmonized regulatory practices between European Union, USA and Japan, there seems to be an increase 
of important unharmonized rules and practices among stakeholders and trialists. We have spontaneously 
observed emergence of conflicts within an international clinical trial that involve a company from USA, the 
university of Tübingen and the CERMEL, Gabon.  
  
Methods: Therefore we performed a detailed case study of the regulatory, ethical and communication 
frames governing our trial US-EU-Africa.  
Further, we added an historical perspective to our work. We used the results of the case study of the US-EU-
Africa trial to analyse all clinical trial conducted in Lambaréné by the Centre de Recherches Médicales de 
Lambaréné (CERMEL) between 1995 and 2017.  
  
Results: A total of 62 clinical trials were identified in the clinical trial.gov and pan African clinical trial registry 
databases and confirmed by the top management of CERMEL. Detailed results will be presented during the 
meeting 
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Cytomegalovirus (CMV) is the most common congenital infection agent among humans. The infected 
individuals develop persistent infection and shed virus particles in saliva, urine and genital secretions. The 
mouse model of CMV infection highlights the salivary gland as privileged sight for mouse cytomegalovirus 
MCMV infection, where unique host-pathogen interaction and effective immune evasion promotes 
persistence and virus shedding in saliva. However, MCMV persistence and shedding has not been describes 
for the kidneys and urine. We used neonatal and adult mice infection model to study the persistence of virus 
in the kidneys. The CMV infection in the adult mice resulted in persistent infection of salivary glands, but the 
infection in the kidneys was resolved within three weeks post infection. However, persistent MCMV infection 
was detected in the kidneys of neonatally infected mice for up to six months post infection. Similarly, MCMV 
persisted in salivary glands for 5 months in mice infected on the day of birth. Interestingly, we observed a 
more efficient recruitment of resident memory CD8 T cells to the kidneys of adult than in the neonatal 
infection model. We speculate that the ability of MCMV to maintain persistent infection in the kidneys of 
neonatally infected mice may be due to the poor local immune response in the young host. 
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Background:  
Seasonal influenza viruses impose a reoccurring threat worldwide, especially for elderly and 
immunocompromised populations. Seasonal influenza vaccination is an effective strategy for limiting the 
transmission and severity of influenza and associated complications. Despite active treatment with 
immunosuppressive regimens, vaccination is still recommended for transplant recipients. In our study, we 
aimed to gain a better understanding of how renal transplantation and immunosuppressive therapy 
influences the response to seasonal influenza vaccination.  
 
Methods and Patients:  
Consenting adults with stable renal transplant engraftment (RT, n=36), at least 6 months post-transplant, and 
healthy controls (HC, n=35) that received the tri- or quadrivalent 2017/18 seasonal influenza vaccine, along 
with unvaccinated RT recipients (n=20), were enrolled in the present analysis. Mean age was 49.8 years in 
RT recipients and 41.6 years in healthy controls. Neutralization test (NT) titers and clinical data including 
renal function were assessed prior to vaccination (t0), 4 to 6 weeks (t1) and 2-5 months (t2) post-vaccination. 
 
Results:  
Prior to vaccination, NT titers were significantly lower in the RT cohort compared to HC for the H1N1 
(A/Michigan/45/2015-like), H3N2 (A/Hong Kong/4801/2014-like) and influenza B (B/Brisbane/60/2008-like) 
influenza vaccine strains. Additionally, NT titers in RT patients were significantly lower against these vaccine 
strains at 4 to 6 weeks (t1) and against the H1N1 and influenza B vaccine strains at 2-5 months (t2) 
compared to HC. Furthermore, seronegative RT patients were significantly less likely to achieve 
seroconversion to these two strains relative to HC. There were no significant differences in the NT titer 
against the H1N1 or H3N2 vaccine strains by age (<60 vs. ≥60 years of age) or gender. However, a trend 
towards reduced NT titers against the influenza B vaccine strain was observed in RT patients ≥60. Also, 
renal function prior to vaccination (G1 – G5 CKD classification) did not have a significant effect on post 
vaccination NT titers. NT titers at 4-6 weeks post vaccination tended to be higher in RT patients treated with 
dual immunosuppressive regimen (glucocorticoids + ciclosporin/tacrolimus) instead of triple therapy (dual 
therapy + mycophenolate-mofetil).  
 
Conclusion and outlook:  
Overall, these data suggest that the standard-of-care seasonal influenza vaccine has reduced 
immunogenicity in the RT population, and implies that novel vaccination strategies including the usage of an 
immunostimulatory adjuvant may be required for eliciting seroprotective antibody titers in this 
immunosuppressed demographic. Further assessment of T cell reactivity against the hemagglutinin proteins 
of the 2017/18 seasonal influenza vaccine will be conducted using ELISPOT, and may shed valuable insight 
into whether the impaired response to influenza vaccination observed in RT patients resides in the T or B cell 
compartment. 
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Background:  
Transplantation is the most effective treatment for end stage renal failure reducing mortality from dialysis 
related complications and enhancing quality of life, but it always comes at the cost of lifelong 
immunosuppressive therapy. Studying the abundance and surface phenotype of peripheral leukocyte 
populations as well as cytokine expression at a population level we sought to gain a better understanding of 
how transplantation and immunosuppressive therapy shape the immune system.  
 
Methods and patients:  
Consenting adults with stable renal transplant engraftment (RT, n=36), at least 6 months post-transplant, and 
healthy controls (HC, n=35) that received the tri- or quadrivalent 2017/18 seasonal influenza vaccine, along 
with unvaccinated RT recipients (n=20), were profiled using multi-parametric flow cytometry and gene 
expression analysis without and after in vitro stimulation with PMA/Ionomycin, LPS and R848 by qPCR 
before and 4-6 weeks post-vaccination. Mean age was 49.8 years in RT recipients and 41.6 years in healthy 
controls.  
 
Results:  
Prior to vaccination significant differences in the absolute number of T and B cells were observed between 
RT and HC. RT recipients exhibited reduced numbers of B cells at several developmental/maturation stages, 
including transitional, naïve, pre-switch and class-switched memory cells. Additionally, reduced numbers of 
naïve CD4+ T cells were observed in RT patients. Furthermore, RT recipients also demonstrated a reduction 
in the absolute number of CD8+ T cells expressing CD38 +/- HLA-DR co-expression, as well as their 
percentage of all CD8+ cells. Gene expression analysis after in vitro stimulation with PMA/Ionomycin 
revealed lower IL-4, TNFα and IL6 transcript abundance in RT patients. No significant changes in the 
abundance of peripheral leukocytes or cytokine expression could be observed between samples at different 
timepoints regardless of whether the patients had been vaccinated with the seasonal influenza vaccine. 
 
Conclusion and outlook:  
In aggregate, these data suggest that renal transplantation and immunosuppressive therapy have an impact 
on a broad variety of lymphocytes as well as cytokine expression. Further assessment of these differences in 
the context of immune function will define whether these observations have potential use as biomarkers for 
instance for vaccination responses. 
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Lower activation potential of neonatal monocytes as a factor for higher susceptibility to 
sepsis 
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Germany 
 
Neonatal sepsis is a major problem of term and preterm infants. At least one out of three neonates below 
1500g develop a sepsis episode during their time on the neonatal ward. One of the two most common 
bacterial causes for neonatal sepsis are Escherichia coli (E. coli).  
Despite modern intensive care letality of neonatal sepsis is about 15%.  
Susceptibility to infection in neonates is mainly attributed to the immature state of the immune system. 
Monocytes play a central role in bacterial defence. Therefore, activation markers and cytokine expression of 
cord blood monocytes (CBMO) were compared to monocytes from peripheral blood of healthy adults 
(PBMO) in an in vitro E. coli infection model. CBMO and PBMO were isolated by density gradient 
centrifugation and infected with E. coli K1 strain for 60 minutes at a multiplicity of infection of 50:1. CD14, 
HLA-DR, CD80, CD86, CD16,  
CD11b, PD-L1 and PD-L2 were quantified by flow cytometry. Uninfected cells served as controls.  
In uninfected CBMO expression of CD14, HLA-DR, CD86, PD-L2, CD11b and CD16 was diminished 
compared to PBMO while CD80 and PD-L1 was not different. Upon infection with E. coli expression of CD14 
decreased, PD-L1 was upregulated while HLA-DR, CD80, CD86, PD-L2, CD16 and CD11b were similar 
compared to uninfected CBMO. In PBMO infection with E.coli resulted in an upregulation of PD-L1 and 
CD80, but a downregulation of CD14, CD11b, CD16, CD86 and HLA-DR. PD-L2 remained unchanged. 
Comparing infected CBMO to PBMO the expression of all surface molecules was higher in PBMO than in 
CBMO except for CD16, which was slightly higher expressed in CBMO.  
Our results show that CBMO are less reactive in activation of pivotal function molecules during infection. 
Understanding the regulation of bacterial defence in neonates is essential for the development of cell based 
therapies. 
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Kinetics of Biomarkers during Ebola Virus Disease 
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A strategy to gain insight into the still poorly understood pathophysiology of Ebola virus disease (EVD) is the 
identification of soluble mediators that correlate with disease severity. However, most studies do not 
consider the kinetics of these mediators during the course of infection and/or were conducted on very small 
patient cohorts. Here, we provide longitudinal data on the expression of 54 soluble mediators in the blood 
plasma of 180 EVD patients diagnosed at the European Mobile Laboratory (EMLab) units deployed to the 
Ebola Treatment Centers of Guèckèdou and Coyah in Guinea in 2014 and 2015. Circulating pro-
inflammatory cytokines and chemokines as well as markers of endothelial dysfunction and coagulopathy 
were elevated in fatal cases compared to survivors on admission to hospital and further increased in fatal 
cases and/or decreased in survivors during the course of infection. In contrast, markers of gut integrity were 
higher in survivors compared to fatalities and increased until discharge. Our data suggests that inflammatory 
response, endothelial integrity, and gastric tissue protection may be important correlates of EVD survival. 
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Staphylococcus aureus 
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S. aureus is a major human pathogen that causes a wide range of clinical infections like bacteremia and 
infective endocarditis. The morbidity and socioeconomic burden associated with infections with methicillin-
resistant S. aureus (MRSA) combined with a lack of new antibiotics define a clear unmet medical need for 
novel approaches, including vaccines. In view of the previous failures of S. aureus vaccine candidates, 
targeting well known virulence factors, we identified highly conserved, as antigens newly discovered, 
surface-associated S. aureus pathogenicity factors. One of them, protoporphyrinogen oxidase (HemY, 
former pOxi) that is involved in heme synthesis but has also been identified as an anchorless cell wall-
associated protein, served as our lead candidate.  
We developed, selected and secured IP for a S. aureus-specific humanized, monoclonal antibody (anti-
HemY D3, StaphAcute). We have demonstrated significant protective effects of the parental murine and the 
humanized anti-HemY D3 as therapeutic, passive vaccine in an established mouse sepsis model. In 
addition, the cognate epitope of anti-HemY D3, showed protection in mice when used as active vaccine as 
evidenced by significantly enhanced bacterial clearance and increased survival after S. aureus challenge. 
This anti-HemY D3 antibody recognizes an epitope of HemY that is conserved among 99 % of S. aureus 
clinical isolates (34.973 out of 35.361 sequenced isolates). The importance of the selection process for 
protective epitopes by reverse immunology became obvious, as moAbs specific for a distinct epitope of the 
same S. aureus antigen lack protective efficacy. Fraunhofer Institute for Toxicology and Exp. Medicine 
developed a process to manufacture anti-HemY D3 antibody (“StaphAcute I”) as drug substance. Funded by 
DZIF, a CHO-manufacturing cell line was optimized for high-level antibody expression and the manufacturing 
up-scale process was validated towards GMP quality attributes including virus validation, analytics and 
formulation of the antibody.  
StaphAcute will be used for additional pre-clinical studies to determine the efficacy of anti-HemY D3 antibody 
in clinically relevant mouse osteomyelitis and respiratory infection models to extend the spectrum of medical 
indications for StaphAcute beyond S. aureus bacteremia (SAB). The aim is to enter the clinical development 
of StaphAcute by performing a First-in-Man study and finally, GMP production of anti-HemY D3 will be up-
scaled for subsequent phase II clinical trials with SAB patients, needed for proof-of-concept (PoC) studies. 
We are determined to taking the project under public funding until clinical PoC and to seek private (industry) 
partners then for licensing our product and continuation of clinical development and licensure. A robust 
clinical de-risking and PoC has to be achieved, before huge investments and/or licensing become a real 
option for pharmaceutical companies but an effective S. aureus vaccine has a blockbuster potential. 
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Big-data multidimensional bioinformatics analyses discriminates immunologic signatures 
of HCMV latent infections and reactivations in humanized mice 
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Introduction: We modelled HCMV latency and reactivation using a traceable laboratory strain expressing the 
Gaussia luciferase reporter gene (HCMV/GLuc) in order to experimentally interrogate the viral modulatory 
effects on the human adaptive immunity. Humanized mice with human T and B cell immune reconstitutions 
were infected with HCMV/GLuc and seven weeks later were further treated with granulocyte-colony 
stimulating factor (G-CSF) to induce viral reactivations.  
Methods: NRG mice transplanted with CD34+ cord blood HSCs. Subsequently, 106 infected MRC-5 cells 
(HCMV strain expressing Gaussia luciferase driven by the IE1 promoter1) were administered i.p. per mouse 
(controls n=7 and infected n=16). After sacrifice, mouse tissues and viable cells were collected and 
cryopreserved for RT-q-PCR, IHC, T and B cell analysis (FACS). Human T and B cell responses against viral 
antigens were evaluated by ELISPOT and ELISA, respectively. Multivariate statistical methods were 
employed using T and B cell immune phenotypic profiles obtained with cells from several tissues of 
individual mice. The data was used to identify combinations of markers that could predict an HCMV infection 
versus reactivation status by bioinformatics analysis (PCA and LDA) in order to discriminate immunologic 
markers associated with HCMV latent infections versus reactivations.  
Results: Whole body bio-luminescence imaging analyses clearly differentiated mice with latent viral 
infections versus reactivations. Foci of vigorous viral reactivations were detectable in liver, lymph nodes and 
salivary glands. The number of viral genome copies in various tissues increased upon reactivations and 
were detectable in sorted human CD14+, CD169+ and CD34+ cells. Compared with non-infected controls, 
mice after infections and reactivations showed higher thymopoiesis, systemic expansion of Th, CTL, Treg 
and Tfh cells and functional antiviral T cell responses. Latent infections promoted vast development of 
memory CD4+ T cells while reactivations triggered a shift towards effector T cells expressing PD-1. Further, 
reactivations prompted a marked development of B cells, maturation of IgG+ plasma cells and HCMV-
specific antibody responses. In spleen, but not in lymph nodes, higher frequencies of effector CD4+ T cells 
expressing PD-1 were among the factors most suited to distinguish HCMV reactivations from infections. 
These results suggest a shift from a T cell dominated immune response during latent infections towards an 
exhausted T cell phenotype and active humoral immune response upon reactivations.  
Conclusion: In sum, this novel in vivo humanized model combined with advanced analyses highlights a 
dynamic system clearly specifying the immunological spatial signatures of HCMV latency and reactivations. 
These signatures can be merged as predictive biomarker clusters that can be applied in the clinical 
translation of new therapies for the control of HCMV reactivation. 
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Introduction: Immune compromised hosts after stem cell transplantation or after solid organ transplantation 
are highly susceptible to Epstein-Barr-Virus (EBV) infections and reactivations. Due to the fact that EBV has 
a tropism only for humans and for some monkeys, in vivo testing of the virus is difficult. Thus, we seeked to 
establish humanized mouse models with adoptive immune responses to model EBV infection and to test 
new therapies. Here, mice transplanted with human CD34+ stem cells and bearing endogenously-developed 
human T cells for more than 15 weeks were infected with EBV strains encoding enhanced firefly luciferase 
(fLuc) and green fluorescent protein (GFP).  
 
Methods: Nod.Rag.Gamma (NRG) mice were transplanted with cord blood CD34+ hematopoietic stem cells 
and challenged with EBV laboratory strains (B95.8/EGFP or B95.8/fLuc) 15-17 weeks later. Spatio-temporal 
distribution of virus infection was monitored with non-invasive intravital imaging (IVIS) over time. Mice were 
monitored for body weight and, after euthanasia, for tumor formation. The composition of immune cells was 
monitored regularly via flow cytometry for 10 weeks post infection in blood and at final time point also in 
different immunological organs.  
 
Results: EBV-fLUC was detectable one week after infection by non-invasive optical imaging in the spleen, 
from where it spread rapidly and systemically. EBV infection resulted into a pronounced immunological 
skewing regarding the expansion of CD8+ T cells in the blood outnumbering the CD4+ T and CD19+ B cells. 
Furthermore, within 10 weeks of infections, mice developing EBV-induced tumors had significantly higher 
absolute numbers of CD8+ T cells in lymphatic tissues than mice controlling tumor development. Tumor 
outgrowth was paralleled by an up-regulation of the programmed cell death receptor 1 (PD-1) on CD8+ and 
CD4+ T cells, indicative for T-cell exhaustion. Histopathological examinations and in situ hybridizations for 
EBV in tumors, spleen, liver and kidney revealed foci of EBV-infected cells in perivascular regions in close 
association with PD-1+ infiltrating lymphocytes.  
 
Conclusions: The strong spatio-temporal correlation between tumor development and the intense T cell 
activation seen in this humanized mouse model recapitulated the viral oncogenesis in the clinical setting. 
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Background: Only few data exist regarding the vaccination status and vaccine responses of patients with 
liver cirrhosis. The goal of this study was to describe vaccination rates and vaccination titres of patients with 
liver cirrhosis.  
 
Material and methods: 129 patients were included in this study. Documented vaccinations in the vaccination 
cards of the patients were recorded along with the respective IgG-vaccination titres. At the same time IgG-
vaccination titres of patients without a vaccination card were measured as well. Threshold values for 
sufficient immune protection were: tetanus 0,1 IU/ml, diphtheria 0,1 IU/ml, pertussis 50 IU/ml, rubella 15 
IU/ml & anti-HBs 10 mIU/ml. Serological evidence of IgG-Titres against hepatitis A (> 20 IU/ml), measles (> 
200 IU/ml) and mumps (> 230 IU/ml) were defined as protective. Univariate analyses were performed to 
identify risk factors for inadequate immune protection after a respective vaccination.  
 
Results: The mean age of the patients was 58 years (standard deviation 11 years). 82 patients were male 
(63.6%). The etiology of liver cirrhosis was alcohol in 61 patients (50.8%), hepatitis B/C in 20 patients 
(16.7%) and non-alcoholic fatty liver disease (NAFLD) in 12 patients (10%). 75 patients had a vaccination 
card. Older patients were more likely to have a vaccination card (p=0.04). A sufficient immune protection in 
vaccinated patients for the respective disease was achieved in 64/64 patients (100%) for tetanus, in 35/50 
patients (70%) for diphtheria, in 27/32 patients (84.4%) for pertussis, in 7/34 patients (20.6%) for HAV, and in 
21/39 patients (53.8%) for HBV. Patients with a HBV or HCV cirrhosis had higher anti-pertussis IgG titres as 
compared to the other patients (p=0.02). Patients ≥ 55 years had significantly lower IgG titres for diphtheria 
(p=0.01) and tetanus (p=0.03) as compared to younger patients and patients with a history of TIPS 
implantation had higher anti-tetanus IgG titres as compared to patients without a TIPS (p=0.01). Finally, 
patients without esophageal or gastric varices had higher anti-HAV IgG titres as compared to patients with 
known varices (p=0.04).  
 
Conclusion: In our mono-centric study substantial vaccination gaps were identified for patients with liver 
cirrhosis. Better strategies for adherence to the vaccination schedules have to be developed accordingly. 
Especially younger patients did not have a vaccination card. Portal hypertension (varices, patients without 
TIPS) was associated with lower immune responses after certain vaccinations. 
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Background: Neutropenia constitutes a major risk factor for infections in immunosuppressed patients and 
can either be characterized by the duration of neutropenia, the severity of neutropenia, or by combination of 
both. To assess patients’ risk of infection during neutropenia, statistical analyses of current studies are often 
focusing on interpretation of only one of these characteristics. Our study aims to assess the neutropenic 
characteristic which mainly predicts the risk of infection during neutropenia, increasing the validity of models 
for future studies.  
  
Methods: We conducted a retrospective study based on the Cologne Cohort of Neutropenic Patients 
database (CoCoNut) of high-risk haematological/oncological patients with confirmed neutropenia 
(neutrophils < 500/µl) lasted longer than 5 days treated at the University Hospital Cologne from Jan 2004 to 
Dec 2012. Patients undergoing allogenic stem-cell transplantation were excluded from analysis. Six 
neutropenic characteristics (duration of neutropenia, nadir of absolute neutrophils (ANCnadir), relative days 
of neutropenia with ≤10, 11-100, and 101-500/µl neutrophils, respectively, product of duration and severity of 
neutropenia (NeutroProduct)) has been used to identify the impact of neutropenic characteristics on 
infections by using uni- and multivariable models. Incidence and severity of infections were described by the 
relative days of febrile neutropenia (relFN). The multivariable model was adjusted for therapeutic, medical, 
and sociodemographic data.  
  
Results: A total of 2,326 neutropenic episodes were included into our analysis. The median duration of 
neutropenia was 8 days (IQR 6-14). Fever occurred in 67% (n=1,566) of cases with a median relFN of 0.13 
days (IQR 0 – 0.3). Most prevalent underlying diseases were acute leukemia (42%, n=998) and lymphoma 
(33%, n=763). The comparison of respective significant univariate models revealed, that the models 
including NeutroProduct and ANCnadir were highest associated with relFN (coefficient 0.58; 95%CI 0.51–
0.67 and -0.55; 95%CI -0.66– -0.45, respectively) (Table1). In comparison of the significant multivariable 
linear regression models, the models with duration of neutropenia and NeutroProduct had the highest impact 
in infections (coefficient 0.67; 95%CI 0.55– 0.79 and 0.64; 95%CI 0.55–0.73, respectively) (Table2). Based 
on model quality we used the model including NeutroProduct as our final model.  
  
Conclusion: In our analysis, NeutroProduct, considering duration and severity of neutropenia, is the 
neutropenic characteristic with the highest impact on infections. In further studies, NeutroProduct can be 
used as neutropenic risk factor for infections.  
  
  

Variable Coefficient univariate (95% CI) 
NeutroProduct (product of duration of neutropenia 
and difference of 500 /µl and neutrophil count) 

0.58 ( 0.51 – 0.67) 

Duration of Neutropenia 0.49 ( 0.39 – 0.60) 
Relative days ≤ 10 /µl 0.30 ( 0.26 – 0.33) 
Relative days 11 – 100 /µl 0.09 (-0.02 – 0.21) 
Relative days 101 – 500 /µl -0.20 (-0.25 – -0.14) 
ANCnadir > 100 /µl ANCnadir -0.55 (-0.66 – -0.45) 
ANCnadir ≤ 100 /µl (nadir of absolute neutrophils)  



Symposium III: Immunotherapy/Vaccines 

 135 

Table1: Coefficient and 95% confidence interval of univariate models including respective neutropenic characteristic as independent 
variable and relative fever days expressing infections as dependent variable. 
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Epstein-Barr virus (EBV) is a ubiquitous human gamma-herpesvirus implicated in the pathogenesis of 
several malignant and non-malignant human diseases, including infectious mononucleosis (IM). IM is seen in 
up to 75 % of individuals with delayed primary infection and can be associated with a broad spectrum of 
clinical features and distinct laboratory findings. Although usually a self-limiting disease with fever, 
tonsillopharyngitis, lymphadenopathy and fatigue, IM can be associated with acute and life-threatening 
complications, protracted symptoms, subsequent malignant disease and/or autoimmune disorders. In few 
cases, distinct primary immunodeficiencies (PID) were identified as causative factors of severe EBV-
associated symptoms but in most of the cases the pathogenic mechanisms remained obscure.  
We recently implemented an observational clinical study (n = 200) which aims at identifying biomarkers and 
causative factors of severe IM in Munich (IMMUC). The study is involving four DZIF partner sites (Munich, 
Heidelberg, Hannover, and Freiburg) and is highly synergistic with other projects of the Thematic 
Translational Research Unit “Infections of the immunocompromised host” (TTU IICH).  
Here, we are reporting clinical, biochemical and virological data from the first 175 patients enrolled into the 
IMMUC study until August 18th 2018. They have been recruited from 8 Munich hospitals and 125 Munich 
private practices, have included 73 males and 102 females aged 0-33 years (median 13 years), and have 
been investigated at the time of IM diagnosis (T0) as well as one (T1) and six months (T6) after the onset of 
symptoms (Tonset). Each visit included a detailed interview and physical examination as well as the 
collection of blood and saliva for routine and experimental laboratory analyses. We graded the complexity 
(c1-28), severity (s1-5) and protraction (p0-6) of IM at each visit by evaluation of 19 clinical and 9 
biochemical parameters, and introduced a novel IM staging system (stage I-V) to discriminate mild to 
moderate IM (mIM) from extensive (severe to lethal) IM (eIM) and subtypes thereof. The maximal IM grades 
and stages will be used in statistical analyses together with experimental data from our partner labs to finally 
identify biomarkers and causative factors of eIM and thereby aid in prevention as well as in risk-stratification 
and treatment of severe or life-threatening disease. 
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with inflammatory bowel disease 
 
M. Wittner, J.-H. Bockmann, O. Seiz, C. Manthey, V. Schlicker, S. Huber, O. Degen, J. M. Eberhard,  
J. Schulze zur Wiesch 
Universitätsklinikum Hamburg-Eppendorf, Hamburg, Germany 
 
Background and Aim:  
a4b7 integrin is expressed on circulating T cells and interacts with MAdCAM-1 on venules within 
gastrointestinal tissues (GIT) and thus facilitates homing to the latter. Recent studies have shown that a4b7 
high CD4+ T cells are highly susceptible to HIV and SIV infection and are preferentially depleted. A study in 
macaques has shown that antiretroviral treatment (ART) and subsequent administration of an a4b7-specific 
antibody provided virologic control after the withdrawal of treatment. A similiar therapeutic antibody 
(VedolizumAb/Entyvio) is approved for the treatment of inflammatory bowel disease (IBD) in humans. 
Surprisingly, there are few human data on a4b7 expression of T cells in healthy volunteers, patients with IBD 
or HIV infection, or after Vedolizumab treatment. Our aim was to characterize the expression pattern of a4b7 
on peripheral and gut-resident T cells of HIV infected patients vs. healthy volunteers and to examine effects 
of VedolizumAb therapy.  
 
Methods:  
We examined mononuclear cells from peripheral blood (PBMC) of HIV infected patients with diverging viral 
loads (n=40) and diverse disease courses such as elite-controllers (n=5) as well as longitudinal samples 
from patients suffering from Crohn’s disease (n=8)/Ulcerative colitis (n=7) before/after treatment with 
VedolizumAb compared to healthy controls (n=15). In addition, we longitudinally studied one patient with HIV 
and Ulcerative colitis who was started on VedolizumAb. We used multi-parametric flow cytometry to 
determine the surface expression of the integrin a4b7, markers of migration (CCR9), activation (HLA-DR), 
exhaustion (PD-1) as well as the ectonucleotidase CD39 and to define T cells as subsets of lymphocytes 
(CD3, CD4, CD8), central, transitional, effector memory T cells and naïve T cells (CD45RA, CCR7). We 
optimized the integrin staining, as the commonly used clone (Act1) failed to detect a4b7 in VedolizumAb 
treated patients.  
 
Results:  
In HIV infected patients, the frequencies of a4b7+ cells changed within the CD4+ memory T cell 
compartment (i.e. TEM and TTM). Viremic patients showed higher frequencies of activated and exhausted 
CD4+ T cells compared to healthy controls independently of the levels of a4b7 expression. VedolizumAb-
treated patients showed a decreased frequency of a4b7+ naïve CD4 T cells. This subset has been shown to 
increase a4b7 expression upon IL-7 stimulation before migration to the GIT. Hence, it could be susceptible to 
VedolizumAB treatment. We did not observe differences in HLA-DR and PD-1 expression between a4b7+ 
and a4b7- cells in either HIV infected or IBD patients.  
 
Conclusions:  
We find subtle changes of a4b7+ expression on IBD patients before or after Vedolizumab treatment or HIV 
patients at different stages compared to healthy controls. In a next step, expression of a4b7 in the gut 
(sigmoid colon and rectum) and possibly altered migration patterns of CD4+ T cells to the GIT will be studied 
and correlated to clinical parameters. 
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specific CD8 T cell responses in HIV-1 infected individuals after HSCT 
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So far the only medical intervention to cure HIV, has been hematopoietic allogeneic stem cell transplantation 
(HSCT) in the case of the Berlin patient. Little is known about the immunological mechanisms and predictors 
of eradication of the HIV reservoir in the setting of HSCT. In this study we describe the restoration of the T 
cell compartment as well as the breadth and quality of the HIV-specific CD8 T cell responses primed after 
stem cell transplantation in a cohort of HIV positive patients with hematological malignancies who underwent 
allogeneic HSCT.  
  
The Icistem project includes 30 patients who received an allogenic transplant. PBMC samples were available 
from 9 patients, who are in follow up for longer than 1 year post-HSCT and were included in this study (2x 
CCR532/CCR532, 7x CCR5wt/CCR5wt). The treatment regimens prior to transplantation differed according 
to (i) the individual transplant center protocol (ii) the preexisting medical condition of the patient as well as 
(iii) the availability of donors. PBMC samples were collected longitudinally and were analyzed via multicolor 
flow cytometry. We characterized CD4 and CD8 memory T cell populations and regulatory T cells. On these 
populations we measured the expression of HIV coreceptors, the activation and proliferation capacity as well 
as the level of exhaustion (PD-1), and capacity to migrate to the gut (α4β7 integrin).  
To estimate the breadth and quality of the HIV-specific T cell responses, T cells were stimulated with Gag, 
Pol and Nef peptide pools, and production of cytokines (IL-2, IFN-g, TNFa) as well as the degranulation 
marker CD107a were measured via ICS and compared to responses against CMV derived peptides.  
  
Overall, we found, an inverted CD4/ CD8 ratio before SCT, in comparison to healthy controls. Upon HSCT 
CD8 frequencies dropped whereas CD4 frequencies increased partially and temporarily. About 2 months 
after HSCT CD4 T cell frequencies dropped again with a concomitant rise of CD8 T cell frequencies. The 
CD4/CD8 ratio remained inverted compared to healthy controls for the majority of the cohort until the last 
follow up visit. Activation (HLA-DR, CD38, Ki-67) and exhaustion markers (PD-1) peaked immediately after 
HSCT. The one patient showing a constantly high expression of PD-1 on CD8 T cells, was the only patient 
with a detectable HIV reservoir in this cohort. In line with bulk CD8 T cell frequencies, HIV specific CD8 T cell 
responses faded shortly after HSCT to reappear during the reconstitution period, coinciding with the 
expansion of allogeneic CD8 T cells.  
  
Immune reconstitution after HSCT is slow and heterogeneous in the study participants. There is an initial 
phase of high T cell activation and exhaustion which renders a possibility of reinfection of engrafted cells. 
This is accompanied by the de novo development of weak HIV-specific T cell responses with limited 
functionality. Our findings point out the importance of maintaining ART during the first months after HSCT. 
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IFN response suppresses HDV persistence during hepatocytes proliferation in vitro 
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Hepatitis B virus (HBV) and D virus (HDV) co-infections cause the most severe form of viral hepatitis. The 
long-tern persistence of both viruses makes it challenging to develop curative therapies. HDV spread 
through cell division was reported recently (Giersch K, et al. Gut. doi: 10.1136/gutjnl-2017-314713.), which is 
suggested to contribute to HDV persistence. However, the modulation of this process is unclear. Our 
previous investigations showed that HDV infection strongly induces IFN response via MDA5 in hepatocytes 
(Zhang Z, et al. J Hepatol. doi: 10.1016/j.jhep.2018.02.021.). To evaluate the role of the IFN response in the 
regulation of HDV spread during proliferation of hepatocytes, innate immune competent undifferentiated 
HepaRG-NTCP cells were infected with HDV and splitted (1:6) every 5 days. HDV positive cells and viral 
markers (HDV RNA and antigens) were quantified throughout 6 passages. We found that all HDV-specific 
markers were profoundly lost during HepaRG-NTCP cell division. Then we blocked the IFN response by 
knocking down of MDA5, the pattern recognition receptor for HDV. In contrast to the native cell line, MDA5 
depleted HepaRG-NTCP cells supported HDV spread during cell division. MDA5 reconstitution completely 
reverted this phenotype, indicating that HDV spread during cell division is restricted by innate immune 
responses. This finding was further confirmed in HuH7-NTCP cells which are defective to produce IFNs. In 
contrast to HepaRG-NTCP, HuH7-NTCP cell division efficiently amplified HDV markers, and this 
amplification was significantly inhibited by exogenous IFN-alpha, -beta and -lambda1 treatment. These 
results suggest that IFN response is an important restriction factor against HDV persistence during cell 
division and may explain the clinically observed synergism of pegylated IFN-alpha and the entry inhibitor 
Myrcludex B in the clinical trial (Bogomolov P. et al. J Hepatol. 2016. 65(3):490-8.). 
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Unexpected properties of a Zika NS2b epitope suggest its potential as a biomarker for diagnosis and 
prognosis 
 
F. Loeffler, R. Lins, N. Fischer, I. Viana, C. Cataldi, B. Leite, T. Magalhaes, M. Tenorio, E. Marques,  
T. Jaenisch 
  
Latin America and the Caribbean are facing an epidemic of three co-occuring arboviruses – Dengue (DENV), 
Chikungunya (CHIKV), and Zika (ZIKV). Major efforts have been made to develop reliable diagnostic tools, 
capable of differentiating between Zika and other Flavivirus infections. However, clinical overlap and cross-
reactivity in serological assays between Flavivirus family members remain a main challenge. We postulate 
that ZIKV-specific epitopes can allow for a specific serological detection. 
Therefore, we translated the proteomes of 15 different ZIKV and 211 DENV strains (retrieved from NCBI 
database) into overlapping linear 15-mer peptides on high-density peptide arrays. To identify antibody 
response profiles differentiating between ZIKV and DENV infections, 84 clinically well-characterized patient 
and control serum samples were screened with peptide arrays.  Comparison groups included (1) 
acute vs. convalescent adults, stratified by previous DENV background, (2) mother-infant pairs, and (3) 
neuro-Zika patients. Our data shows specific IgG responses towards peptides from the NS1 protein of DENV 
and peptides from the NS2b protein of ZIKV in convalescent samples, whereas background signal in control 
samples was low. Interestingly, no differences in the ZIKV-specific antibody profiles were observed, when 
comparing samples with or without DENV background. 
We could identify a 21mer epitope in the NS2b protein region, which may serve as a biomarker for specific 
diagnostics and a candidate target for drug development. In our initial microarray-based study, this marker 
shows high sensitivity and specificity. Subsequently, a 21mer peptide, comprising regions from both 
overlapping peptides identified, was synthesized and was probed for its potential to discriminate ZIKV from 
DENV infections through ELISA. Microscale thermophoresis was used to measure the antibody binding 
affinity to the identified peptide and showed a highly significant discriminatory potential between these two 
closely related flaviviruses. Sequence comparison and structural studies of this region in ZIKV and DENV 
strains suggests that  discrimination is due to surface charge differences, opening a perspective of 
optimizing the structure of the antigens. 
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Investigation of patients with primary immunodeficiency disorders (PIDs) offers the great possibility to identify 
novel biomarkers for immunological diseases and to shed light on the underlying physiological mechanisms 
that balance the complex framework between host and pathogens. Here, we focus on patients who were 
clinically diagnosed with hyper IgE syndrome (HIES) or with chronic mucocutaneous candidiasis (CMC), 
both of which constitute PIDs that share an overlapping clinical picture. Symptoms include an enhanced 
susceptibility to recurrent fungal infections, skin eczema, recurrent pneumonias, and significantly elevated 
serum IgE levels in the case of HIES. Depending on the underlying genetic alteration, the clinical 
presentations may offer a heterogeneous picture, whose complexity increased by a steadily growing number 
of identified gene defects in the last years.  
The emergence of targeted sequencing techniques allowed for fast and extended genetic analysis of larger 
cohorts of patients. We have analyzed 284 HIES and CMC patients by our established next generation 
sequencing pipeline that is based on Agilent Haloplex and Illumina MiSeq technologies as well as 
bioinformatics evaluation. We could detect 113 gene variants that we deemed to be disease causing or likely 
to be pathogenic. Specifically, variants in AIRE, CARD9, DOCK8, IL12RB1, IL17RA, RLTPR, SPINK5, 
STAT1, STAT3, and ZNF341 were identified. With this, we were able to detect disease causing mutations in 
52 (18%) of patients and probably damaging variants in further 37 (13%) of patients.  
Our targeted panel sequencing may be offered as an effective first line screening that facilitates the 
identification of mutations within a list of susceptibility genes and may help to elucidate the molecular cause 
even for patients with uncharacteristic clinical presentations. Moreover, a genetic diagnosis may have 
important implications on the prognosis and the family planning of each individual patient. Furthermore, with 
the interconnection of clinical and genetic investigations, relevant and patient-centered research is 
performed, which may result in the development of novel targeted therapies. 
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Mass spectrometry imaging is a versatile method to analyze the spatial distribution of a wide range of 
compound classes in tissue sections. It provides unique features for the analysis of drug compounds in 
pharmacokinetic studies such as label-free detection, and differentiation between compounds and 
metabolites as well as detection of multiple drugs in one experiment. 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.  
In this study we evaluate a high resolution 2D MALDI MSI method for investigating the penatration of anti-TB 
drugs into lessions and the characterization of Mycobacterium tuberculosis (Mtb) pathology in mouse lungs 
with a spatial resolution close to the cellular level.  
  
Mass Spectrometric Imaging experiments were carried out on a 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) can be 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 the Mtb drugs Clofazimine, Pyrazinamide and Rifampicin and lung 
sections. A decontamination protocol was established to be able to investigate Mtb infected lung sections in 
the mass spectrometry lab. Since for mass spectrometry imaging, cryosectioning without any embedding 
material is the sample preparation of choice to avoid any interferences in the mass spectra, the 
cryosectioning for lung sections was optimized. Due to the different physicochemical properties of the drugs 
several matrix compounds and solvents were compared for all three drugs to obtain a good extraction out of 
the tissue and a high ionization efficiency which resulted in improved signal intensities. Therefore, the 
distribution of Clofazimine, Pyrazinamide and Rifampicin could be determined in lung tissue sections. For 
lipid analysis, 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 and investigating 
drug penetration into lesions. 
 



Symposium IV: Infections of the Lung 

 143 

 

P 103 
 
Pseudomonas aeruginosa microevolution in cystic fibrosis lungs 
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The airways of patients suffering from the genetic disorder cystic fibrosis (CF) are predisposed to infections 
with opportunistic bacterial pathogen. In most patients chronic infections with Pseudomonas aeruginosa are 
established during childhood and typically determine the clinical course. Over the years of the infection 
course, the bacteria undergo microevolution presumably enhancing the adaptation to the lung habitat.  
At our local clinic P. aeruginosa isolates have been collected semi-annually from 35 chronically infected 
patients since the 1980s. To monitor microevolution against the CF background we investigated sequential 
isolates from twelve patients, six with the mildest and six with the most severe clinical course. Isolates of a 
persisting clone were genome sequenced (> 260 isolates in total) and interrogated for variations manifested 
during the infection course. The isolates were also tested for mutation rates and phenotypic traits such as 
morphology, motility and virulence factor secretion.  
The phylogenies deduced from the occurrence displayed various evolutionary modes from the presence of 
single adapted strains to the long-term persistence of co-existing clades, with mixed types in between. 
Courses from severely affected patients, however, were usually characterized by the persistence of one 
major bacterial clade during the late stage of infection whereas the mild courses displayed ongoing 
diversification to a greater extent. In total, > 4800 mutations occurred in the twelve courses, mostly 
nucleotide exchanges but also frame-shifting indels and accessory genome variations. Most ‘hotspots’ of CF 
lung microevolution (genes mutated in several patient courses) were associated with either antimicrobial 
resistance or biosynthesis of surface components such as alginate. Non-neutral mutations predominantly 
emerged in P. aeruginosa genes relevant for the protection against and communication with signals from the 
lung environment, i.e. antibiotic resistance, cell wall components and two-component systems. Drastic and 
loss-of-function mutations preferentially happened during the severe courses of infection. Re-shaping of the 
accessory genome by uptake and loss of mobile DNA elements could be observed for all courses, the 
lineages from the mild courses, however, more proficiently incorporated extra metabolic genes into their 
accessory genome by these events.  
In summary, the analysis of the ‘in host’ microevolution of P. aeruginosa revealed hints for different 
evolutionary paths and modes during chronic infection depending on whether the bacterium had taken 
residence in a CF patient with normal or already compromised lung function. 
 



Symposium IV: Infections of the Lung 

 144 

 

P 104 
 
Airways microbial metagenomes of individuals with immune deficiency, asthma, cystic 
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Airway infections cause exacerbations of the underlying disease in patients with immune deficiency (ID), 
asthma or COPD and determine course and prognosis in most individuals with cystic fibrosis. To identify the 
composition of the upper and lower airway metagenomes in these patient groups during clinically stable 
condition, nasal lavage, throat swabs and sputa were collected from 142 CF, 35 asthma, 11 COPD and 10 
ID patients. Genomic DNA was extracted and sequenced on SOLiD and Illumina platforms. In an automated 
pipeline, raw data were filtered, mapped onto a microbial pangenome (1,892 bacteria, 4,193 fungi/moulds 
and 1,153 DNA viruses) and normalized (GC-bias, genome size, human DNA). The data were analyzed for 
phylogeny, taxonomic classification, diversity and correlations. Disease-associated bacterial metagenomes 
were seen in patients with CF or ID, but not in patients with asthma or COPD. The prevalent phyla in human 
airways are Actinobacteria, Bacteroidetes, Firmicutes and Proteobacteria which make up more than 90% of 
the metagenome. COPD patients exhibited an airway metagenome dominated by Streptococci, Rothia and 
Prevotella similar to healthy smokers and non-smokers. Pre-school wheezers were mainly carrying a normal, 
but low-diversity microbial flora with Rothia mucilaginosa as prime and Actinomyces as diagnostic 
organisms. Besides numerous aerobes and anaerobes, patients with ID were harbouring Moraxella and 
Haemophilus as major pathogens CF patients exhibited a disease-specific flora, primarily Firmicutes 
(Staphylococcus spp.), alpha- and gamma- Proteobacteria (P. aeruginosa, H. influenzae). PCA uncovered 
clusters of species associated with severity and chronicity of CF lung disease. 
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Lungs of patients with cystic fibrosis (CF) are challenged by recurrent infections and chronic inflammation. 
For a long time CF research focused on epithelial cells, but not only the epithelial dysfunction expressed as 
surface dehydration, impaired mucociliary cleaning and mucus plugging is caused by the defect in the 
transmembrane CFTR ion channel, but also the inflammatory response of professional phagocytes such as 
neutrophils and alveolar macrophages is affected in the CF lungs (Bruscia & Bonfield; J Innate Immun; 
2016). In our current project, we pursue the question to what extent a CFTR based malfunction in 
professional phagocytes contributes to chronic lung infection and hyperinflammatory immune response. In 
transplantation experiments, we generated four classes of mouse chimeras (CFB6, CFCF, B6CF and B6B6) by 
intravenous transfusion of freshly isolated hematopoietic stem and precursor cells (HSPC). We hereby were 
able to improve the genetically predisposed immune response of CF mice to airway infection with P. 
aeruginosa. Infection experiments revealed reduced lung bacterial numbers as well as increased survival in 
CF mice which were transplanted with wild type HSPC.  
Based on these results, we tracked transplanted cells in CFB6 mice via the leucocyte surface antigen CD45, 
since recipient CF and wild type donor mice are carrying the different alleles CD45.1 and CD45.2, 
respectively. Flow cytometry analysis of macrophages from the lungs of chimeric mice showed an almost 
complete replacement of the original CF macrophages by the transplanted CD45.1 cells, which engrafted 
successfully in the lungs. These data were enhanced by immunofluorescence of the lungs of chimeric mice. 
Transplanted CD45.1 cells could be detected and stained with the typical macrophage marker CD68. We 
therefore conclude that the improved outcome seen in infection experiments was due to HSPC 
transplantation.  
In contrast, in vitro phagocytosis assays with wild type and CF macrophages displayed no differential 
phagocytic activity. However, when we investigated macrophages of healthy wild type and CF mice 
regarding their lysosomal acidification via confocal live cell imaging using the pH-sensitive dye LysoSensor 
Green DND-189 (Zhang et al.; J Immunol., 2010) we found significantly less acidic pH in lysosomes of CF 
macrophages compared to healthy ones, confirming the hypothesis of an impaired acidification in CF 
phagocytes.  
In summary, our results strengthen the hypothesis of CFTR playing an important role also in non-epithelial 
cells such as phagocytes. Albeit cellular mechanisms still have to be identified, the transfer of HSPCs 
significantly improved the immune response towards P. aeruginosa infection in CF mice and therefore may 
even be a therapeutic approach in treating lung infections in CF patients. 
 



Symposium IV: Infections of the Lung 

 146 

 

P 106 
 
Prospects for chemical p38 MAPK inhibition as host directed therapy against 
Mycobacterium tuberculosis 
 
J. Gräb1, 2, E. van Gumpel1, 2, C. Hölscher3, 4, M. Fritsch2, 5, 6, C. Pallasch1, 5, H. Kashkar2, 5, 6, J. Rybniker1, 2, 3 

1Department I of Internal Medicine, University Hospital of Cologne, Cologne, Germany, 2Center for Molecular 
Medicine Cologne, University Hospital of Cologne, Cologne, Germany, 3German Center for Infection 
Research (DZIF), Partner Site Bonn-Cologne, Cologne, Germany, 4Infection Immunology, Research Center 
Borstel, Leibniz Center for Medicine and Biosciences, Borstel, Germany, 5Institute for Genetics and Cologne 
Excellence Cluster on Cellular Stress Responses in Aging-Associated Diseases (CECAD), University 
Hospital of Cologne, Cologne, Germany, 6Institute for Med. Microbiology, Immunology and Hygiene, 
Cologne, Germany 
 
Tuberculosis (TB) continues to be the most deadly infectious disease in humans. The emergence of multi-
drug resistant (MDR) and extensively-drug resistant (XDR) strains remains a public health crisis and has 
intensified research efforts to develop new therapeutic approaches, like host directed therapies (HDT). 
Mycobacterium tuberculosis (Mtb) strongly influences gene expression and cell-signaling in infected cells, 
providing targets for host-modulating therapies to shorten treatment periods, 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 remains 
poorly understood. We have generated data showing that corticosteroids are highly effective in preventing 
Mtb-induced cytotoxicity in macrophages (Mφ) in a p38 mitogen-activated protein kinases (MAPK) 
dependent manner. We show that host cell infection with Mtb leads to phosphorylation of p38 MAPK, which 
is abrogated by corticosteroids or specific p38 MAPK inhibitors. Histopathological investigation of human 
biopsies also revealed p38 MAPK phosphorylation in Mφ surrounding TB- granulomas, indicating that p38 
MAPK may be a suitable target for a HDT in TB. Therefore, we treated infected Mφ from healthy donors as 
well as TB patients with the p38 MAPK inhibitor doramapimod, which abrogated necrotic cell death induced 
by Mtb. This clearly links p38 MAPK phosphorylation to the cytotoxic effect mycobacteria exert on their host 
cells. Hence, we explored the role of necrosis effector proteins downstream of p38 MAPK, such as the 
release of the chromatin protein high mobility group box 1 (HMGB1). This pro-inflammatory protein can be 
detected in large amounts in body fluids of TB-infected patients and can act as a quantitative marker for 
necrosis in TB. We show that the increased release of HMGB1 can be significantly reduced by pretreatment 
with dexamethasone and doramapimod in vitro. Currently, several p38 MAPK inhibitors are clinically tested 
in patients suffering from inflammatory diseases, such as chronic obstructive pulmonary disease (COPD) 
and asthma, proofing an excellent safety profile. Therefore, p38 MAPK inhibitors are potential substitutes for 
corticosteroids, providing a more specific and tailored HDT in TB. 
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The rapidly developing framework of eHealth offers new opportunities for syndromic infection surveillance 
and clinical/research monitoring. eHealth tools are long-term cost-effective, have an increasing broad reach 
and acceptance. Other advantages are real-time data collection and processing and the flexibility of eHealth 
tools compared to paper-based questionnaires. eHealth apps can be used for various contents. Especially in 
the field of infectious diseases, the collection of real-time data improves data quality (regarding recall-bias) 
including validity of pathogen detection.  
  
Within the digital framework, we developed an eHealth tool, called “Personalized assessment of acute 
Infections - Application (PIA)”, with the aim of facilitating real-time reporting of acute, transient infections 
focusing on the respiratory tract. One specific feature of PIA is that it provides flexible adaption of questions 
and questionnaires to allow for research on emerging topics and to make the tool usable for various 
contents. For the first research application of PIA, we developed an algorithm for displaying a network of 
conditional questionnaires at specific times and after specific data entry events. In addition to the real-time 
reporting of infection symptoms, PIA offers the opportunity of biosample collection if a certain case definition 
applies. In our current project, in case of respiratory infections, the participants take 2 nasal swabs 
themselves: one swab for virological diagnosis, the second for microbiome analysis. This allows for 
collection and laboratory analysis at an early stage of disease so that the sensitivity of virus detection 
increases considerably. Real-time feedback incl. laboratory reports, which can be retrieved in the app, 
provides an important incentive for participant adherence.  
  
Our focus in the development of PIA is the connection of infection research with a user friendly and 
motivating tool. Therefore, we implement usability and technological acceptance questionnaires to evaluate 
this specific tool regarding its capability for infectious disease population-based research.  
We aim to develop an eHealth tool, which is suitable for clinical and research monitoring in order to achieve 
long-term usage in future studies. 
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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 a critical role in disease exacerbation. 
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 to be employed in point-of-care (POC) testing for disease exacerbation to predict long-term 
sequelae as well as, ultimately, to guide host-directed therapies (HDT) to support antibiotic treatment and to 
limit immunopathology.  
  
To investigate the underlying pathways leading to TB exacerbation, we use protein-biochemistry, microscopy 
and mass spectrometry (MS) to analyze sputum samples from active TB patients following antibiotic 
treatment. Proteins with tissue remodeling capacity, such es matrix metalloproteinase (MMPs) including their 
regulators and important neutrophil associated such as myeloperoxidase (MPO), neutrophil elastase (NE), 
S100A8/A9, neutrophil attracting cytokines such as interleukin (IL) 8 or proinflammatory small lipid mediators 
(SLM) including PGE2 and LTB4 are putative signatures for disease exacerbation.  
  
In a pilot study we could confirm that neutrophils are the predominant phagocyte population in sputum of 
active TB patients indicating correlation with disease severity. Analysis of putative neutrophil associated 
markers indicates I) a decrease during successful anti-TB treatment and II) higher concentrations in patients 
with more severe disease. Initial MS based SML analysis revealed differential regulation during treatment. 
MS-based proteomics of M. tuberculosis infected and non-infected human neutrophils revealed additional 
candidate markers, which will be evaluated together with novel candidates to be identified by proteomics of 
TB sputum samples in a larger cohort study facilitated through ongoing capacity building at TB-Sequel 
partner sites in Africa. This year we started collecting samples and clinical data from four different cohorts in 
Gambia, Tanzania, Mozambique and South Africa.  
  
Ultimately, we will establish sputum-based biomarkers indicating disease state and exacerbation as well as 
treatment efficacy, which can also guide neutrophil targeting HDT. Our goal is to develop a “low tech” field 
ready POC test to support monitor drug treatment in high incidence countries with underdeveloped medical 
infrastructure. 
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Increasing numbers of multidrug-resistant tuberculosis (TB) threaten global TB control. Solid molecular 
resistance analysis is challenged by the heterogeneity of the infecting bacterial populations, comprising both 
susceptible and resistant cells. This phenomenon, termed heteroresistance, describes the concurrent 
presence of wild-type and resistance-conferring alleles (in one patient). Whole genome sequencing using 
next-generation sequencing (NGS) approaches has the potential to simultaneously detect wild-type and 
mutant alleles. However, based on recent publications the proportion of mutant alleles must reach the 
threshold of 10% to be detected confidentially.  
  
To address this challenge we implemented a NGS variant detector which not only detects but also 
statistically rates mutations in resistance-mediating genes considering inter alia base quality scores and 
frequency of the alternate allele. As training dataset we generated in-silico sequencing files containing 
different resistance conferring mutations at varying proportions ranging from 1% to 30% and coverages from 
50 to 500 times. This first simulation gave us the link between coverage and detectable allele frequency. 
Using this approach the overall sensitivity and specificity was above 90 % and was increased by rising 
coverage.  
  
We next evaluated this method with real sequencing data and generated 6 artificial mixtures by blending 
DNA from one susceptible mycobacterial strain and two different rifampicin mono-resistant strains (1 %, 5 % 
and 10 %). The samples were sequenced using 500 times coverage on an Illumina MiSeq system. This 
yielded 100 % sensitivity and specificity to detect the rpoB mutations in all proportions tested, even for 1 % 
resistant bacteria. We could also show good performance in detecting resistance-conferring mutations within 
a clinical setting from Malawi.  
  
Reliable molecular detection of low-frequency resistance mutations is an important cornerstone to inform 
individualized and precise TB therapy. The here presented method is beneficial to render NGS-based 
diagnostics more sensitive to the presence of heteroresistance and can be implemented in automated and 
end-user friendly analysis tools of genomic data. 
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Bacteria of the Mycobacterium tuberculosis complex (Mtbc) are the causative agents of tuberculosis, a 
disease claiming for approximately 1.7 Mio deaths in 2017, including 0.4 Mio deaths in individuals coinfected 
with HIV. Key for establishing infection is host defense evasion and cellular integrity of the bacteria. LytR-
cpsA-Psr (LCP) proteins have been described to be involved in cell wall biosynthetic processes. However, 
their exact role remained elusive for a long time. Transfer of anionic cell wall constituents to peptidoglycan 
has been attributed to these proteins. The Mtbc possesses four LCP proteins and functional redundancy has 
been proposed initially. We generated an unmarked in-frame deletion mutant deficient in Rv3484, which 
encodes for one of the mycobacterial LCP proteins. We found the mutant strain to be less susceptible to 
meropenem/clavulanate and lysozyme. Moreover we tested the Rv3484 deletion mutant in the mouse 
aerosol model of tuberculosis and found that it failed to establish infection in C57BL/6 mice. This is in line 
with other studies, additionally proposing a dual function of Rv3484 and direct interaction with host proteins. 
In contrast to the currently favored general notion that LCP proteins are redundant in Mtb the present data 
identify Rv3484, due to its significance for bacterial survival in vivo, as a putative candidate target for rational 
drug design. Thus, we aim at further confirmation of the general importance of Rv3484 for the Mtbc by 
analogous generation of deletion mutants on the background of the Mtbc Haarlem and Beijing lineage. In 
addition we strive to set up models and in vitro assays to enable testing of compounds for their possible 
growth-inhibitory potential. 
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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).  
The introduction of benchtop sequencing instruments and reduction of sequencing costs is leading now to 
the use of WGS as routine tool in diagnostics and has been shown to advance treatment and surveillance of 
Tuberculosis (TB). Still, TB remains one of the ten leading causes of death worldwide while we are faced 
with intimidating numbers of multi-drug-resistant (MDR) or nearly untreatable extensively drug-resistant 
(XDR) strains. The basis for new concepts to improve patient care through faster and comprehensive 
resistance profiling using WGS requires thorough quality control and assessment, from sequencing material 
preparation to sequence run on different NGS instruments and data analysis to ensure highest quality of 
results for best possible decision making.  
Along with the widespread application of NGS, the market for library preparation kits diversified with an 
increasing number of commercial kits offering a wide range of options for factors like price, ease of use, 
hands-on time and required input material. Here we compare a range of NGS Kits and methods based on 
enzymatic fragmentation from different companies for Illumina sequencing of MTBC samples. We 
systematically evaluated input range, hands-on time, simplicity, costs, fragment distribution, and resulting 
sequence information. This comparison can act as a guideline especially for novel users to determine which 
kit is the most appropriate and efficient for their applications according to their requirements. 
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Developments in next generation sequencing (NGS) technologies allow the use of whole genome 
sequencing (WGS) as routine tool for bacterial strain characterization, which lead to significant 
improvements for epidemiological surveillance of major pathogens such as Mycobacterium tuberculosis 
complex (MTBC). While the application of WGS clearly advances resistance prediction, in-depth genotyping, 
outbreak detection and, potentially, genomic surveillance of MTBC isolates, no standard analysis pipeline 
allowing for local high quality data analysis has been proposed so far. Analyzing WGS data of MTBC isolates 
in a standardized workflow enables both, comprehensive antibiotic resistance profiling and outbreak 
surveillance, with highest resolution up to the identification of recent transmission chains. We therefore 
developed MTBseq, a customizable and expandable bioinformatics pipeline for local, offline next generation 
genome sequence data analysis of MTBC isolates. Employing a reference mapping based workflow, 
MTBseq reports detected variant positions annotated with known association to antibiotic resistance and 
performs a lineage classification based on phylogenetic single nucleotide polymorphisms (SNPs). When 
comparing multiple datasets, MTBseq provides a joint list of variants, SNP distance matrix, a FASTA 
alignment of SNP positions for use in phylogenomic analysis, and identifies groups of related isolates. We 
demonstrate the accuracy and sensitivity for resistance profiling, genotyping, and comparative analysis, 
concluding that MTBseq is a suitable automated solution for resistance deduction, phylogenetic classification 
and analysis of MTBC whole genome datasets. 
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It is estimated that approximately one-third of the world’s population is infected with Mycobacterium 
tuberculosis (Mtb). An active tuberculosis (TB) infection only develops in a small portion of chronically 
infected individuals. At this stage the diagnosis is based on microbiological assays, X-ray, genotyping and 
clinical symptoms. Antibiotics combination therapy can achieve high cure rates in well controlled 
environment, where information on the resistance profile are available. However, there is no molecular 
marker that helps to determine individual therapy end points. Accepted criteria for curing TB are based on 
the culture conversion of sputum samples. In many studies, CFU determination is the readout for developing 
new targets and drug testing. Recently, mycobacterial lipids were identified as marker for precise localization 
of the bacteria within histological sections using imaging mass spectrometry (Blanc et al. Anal Chem 2018).  
We studied mycobacterial phospholipids and their metabolic interaction with the host in cellular infection 
models, mice model and in clinical samples. Shotgun lipidomics was performed applying high resolution 
mass spectrometry for lipid profiling and targeted quantitation. We found that mycobacterial 
glycerophospholipids, specifically tuberculostearic acid (TSA) containing phosphatidylinositols (PI) provide 
enough specificity and sensitivity to determine the Mtb burden in tissue homogenates and cell culture 
systems. A sensitivity of 103 CFU equivalent was determined for bacterial cultures and approximately 104 for 
cell systems when PI (16:0/19:0) was quantified. Such measurement can be performed within a couple of 
hours including sample preparation in contrast to microbial CFU determination that take weeks. Increasing 
the complexity of the system, we studied next a murine TB infection model, where we could show a clear 
correlation between Mtb CFU in lung homogenates and lipid quantitation. Finally, we acquired profiles for 
TSA containing PIs of PBMCs in well characterized patient collective with sensitive TB. Here, we could show 
that individual profiles of patients correlate with the therapy outcome. A score calculated from concentration 
of TSA containing PIs during therapy allows us to differentiate between positive outcome and therapy failure 
with promising significance (P = 0.0044; N = 16). 
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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, we conducted a longitudinal molecular 
epidemiological study in Hannover, Germany.  
MTBC strains of patients living in the Hannover region were collected from 2009 to 2018. After DNA 
extraction, molecular genotyping (24-loci MIRU-VNTR, spacer oligonucleotide typing, and whole genome 
sequencing [WGS]) was performed. Phylogenetic lineage classification and clustering was reported to the 
local health authorities.  
514 patients were diagnosed with TB and included in the study. DNA of 383/514 MTBC strains (74.5 %) was 
further analyzed and comprehensive molecular genotyping data of 377/514 strains (73.3 %) could be 
obtained (24-loci MIRU-VNTR and spacer oligonucleotide typing). The strains were classified into five MTBC 
lineages and M. bovis. 279/377 strains were assigned to lineage 4 (74.0 %), 45/377 strains to lineage 3 (11.9 
%), 31/377 strains to lineage 2 (8.2 %), 10/377 strains to lineage 1 (2.7 %) and 4/377 strains to M. africanum 
lineage 6 (1.1 %). 6/377 patients (1.6 %) were infected with M. bovis strains. The strains of lineage 4 could 
be further classified into seven sub lineages. Drug susceptibility testing showed four patients being infected 
with MDR TB strains, two classified as lineage 4, one lineage 2 and one lineage 3.  
The WGS based cluster analysis revealed that 65/311 sequenced strains (20.9 %) are grouped into 19 
clusters ranging in size from two to eleven patients. The largest cluster contained eleven lineage 4 strains 
out of those four patients were identified in 2012, one in 2013, three in 2014, one in 2016 and two in 2017. 
Additionally, clusters of eight (lineage 3), seven (lineage 4) and five (lineage 4) strains were identified. The 
remaining 15 clusters comprised less than three strains each. So far, no transmission of MDR TB strains was 
observed.  
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 MTBC strains of the Euro American 
Superlineage, lineage 4. Strains of this lineage 4 were grouped into the largest cluster including eleven 
patients over a timeframe of six years. In addition, one cluster of eight patients infected with strains of the 
lineage 3, originating in India and Central Asia was identified. With the help of molecular genotyping data, 
especially WGS data we could show that TB in the Hannover region is mainly cause by reactivation of a 
remote infection rather than recent transmission. Nevertheless, TB needs to be closely monitored to break 
the chain of transmission of currently spreading strains and prevent further infections. 
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Coronaviruses (CoVs) infect a number of mammalian species mostly causing respiratory and gastrointestinal 
tract pathologies. The six human CoVs, namely, HCoV-229E, -OC43, -NL63, -HKU1, SARS-CoV, MERS-
CoV, mainly target the respiratory tract. Significant causes of common colds are human coronaviruses 
HCoVs (229E, OC43, NL63, HKU1) with mostly seasonal occurrence. However, during occasional spread to 
the lower respiratory tract they account for significant hospitalizations of young children, the elderly and 
immunocompromised individuals.  
Using human cancer cells lines e.g. Huh7, Huh 7.5 and Caco-2 etc. we have previously shown that inhibitors 
of cellular cyclophilins (Cyclosporin A, Alisporivir, NIM811) and FK506-binding proteins (FKBP; FK506) act 
as coronavirus inhibitors in cell culture models (Carbajo-Lozoya et al., 2012; 2014; Pfefferle et al., 2011). 
Most coronaviral inhibition studies have been conducted so far in various cancer cell lines of different organs 
which support virus growth and replication at high titers. On the other hand, cancer cell lines possess various 
genetic rearrangements, leading to gene expression abnormalities and altered signaling pathways. 
Therefore, there is a strong need to understand the antiviral potency, efficacy, and mechanism of activity of 
these antiviral compounds against diverse human coronaviruses (HCoV-229E and HCoV-NL63) in their 
primary targets, i.e. in primary human lung airway cells (phBECs). Such cultures reflect the most relevant 
biological and physiological in vitro models of the lung, recapitulating its cellular complexity. As there is no 
real animal model for human CoVs such phBECs constitute an ideal model for studying mechanisms of 
hCoV replication in healthy and respiratory diseased individuals and inhibitors thereof. We show that 
replication of HCoV-229E and –NL63 is strongly inhibited in phBECs by cyclophilin inhibitors. 
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The hallmark of tuberculosis (TB) is the granuloma with a necrotic center surrounded by a fibrous capsule. 
For a successful treatment of TB patients, antibiotics have to breach the fibrous cuff and diffuse through the 
acellular center to reach their bacterial targets. Interestingly, the patterns of drug penetration into necrotic 
lesions are remarkably drug specific. Consequently, in order to improve the preclinical validation of novel 
drug candidates, animal models reflecting human pulmonary pathology are of particular importance. 
However, Mycobacterium tuberculosis (Mtb) infection of most wild-type mouse strains does not result in a 
human-like pathology so that the standard mouse model is currently challenged and alternative preclinical 
models are urgently needed.  
Mtb-infected interleukin-13 overexpressing (IL-13tg) mice 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. The compound BTZ043 belongs to the class of benzothiazinones and targets the biosynthesis 
of the mycobacterial cell wall. In vitro BTZ043 has a nanomolar bactericidal activity and is active against 
MDR-clinical isolates. To investigate the efficacy of BTZ043 further in vivo, we exploited two different mouse 
models of chronic Mtb infection. The maximal achievable microbiological effect of BTZ043 was determined in 
the standard BALB/c mouse model. In order to study the efficacy and drug penetration 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 onset of granuloma necrosis. Interestingly, 
only 10 days of therapy with either regimen reduced the bacterial burden in the lungs remarkably. In 
summary, our results emphasize the antimycobacterial potency of BTZ043 and moreover indicate that 
BTZ043 is able to penetrate into centrally necrotizing granulomas. The localization of anti TB drugs within 
lesions of Mtb-infected IL-13tg mice will be determined by 2D mass spectrometry imaging. 
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Global tuberculosis (TB) control is challenged by uncontrolled transmission of Mycobacterium tuberculosis 
complex (Mtbc) strains, esp. of multidrug (MDR) or extensively resistant (XDR) variants. Precise analysis of 
transmission networks is the basis to trace outbreakM/XDR clones and improve TB control. However, 
classical genotyping tools lack discriminatory power due to the high similarity of strains of particular 
successful lineages, e.g. Beijing or outbreak strains. This can be overcome by whole genome sequencing 
(WGS) approaches, but these are not yet standardized to facilitate larger investigations encompassing 
different laboratories or outbreak tracing across borders. We established and improved a whole genome 
gene-by-gene multi locus sequence typing approach encompassing a stable set of core genome genes 
(cgMLST) and linked it to a web-based nomenclature server (cgMLST.org) facilitating assignment and 
storage of allele numbers. We evaluated and refined a previously suggested cgMLST schema by using a 
reference strain set (n=251) reflecting the global diversity of the Mtbc. A set of 2891 genes showed excellent 
performance with at least 97% of the genes reliably identified in strains of all Mtbc lineages and in 
discriminating outbreak strains. cgMLST allele numbers can be automatically retrieved from and are stored 
at the nomenclature server at cgMLST.org. The refined cgMLST schema provides high resolution genome-
based typing of clinical strains of all Mtbc lineages. Combined with a web-based nomenclature server, it 
facilitates rapid, high-resolution, and harmonized tracing of clinical Mtbc strains needed for prospective local 
and global surveillance. 
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Tuberculosis (TB) is an infection caused by Mycobacterium tuberculosis predominantly in the lung. 
According to the WHO, in 2016 a total of 10.4 million people worldwide acquired TB, including 0.49 million 
new cases with a multi-drug resistant TB (MDR-TB). While a drug-susceptible TB is treated with a standard 
six month course of first-line antimicrobial drugs (Isoniazid, Rifampicin, Ethambutol, Pyrazinamide), the 
therapy becomes quite complex in the case of MDR-TB, where combination of second-line drugs have to be 
taken for at least 20 months. Lack of adherence or incorrect dosages can lead to development of further 
resistances during treatment, while high doses could lead to increased side effects. In this context, the 
pharmacokinetics and pharmacodynamics (PK/PD) of antibiotics used in the treatment of TB, especially in 
the therapy of MDR-TB, become increasingly important. The large number of drugs used for TB treatment 
makes it analytically challenging to perform PK/PD studies and furthermore, the clinical application in form of 
therapeutic drug monitoring (TDM). Individualized drug regimens for treating MDR-TB are chosen from 
chemically dissimilar drugs that normally require to perform quantitation in separate analytical platforms, 
which make it cost intensive and time consuming.  
Therefore, we developed a high-performance liquid chromatography-mass spectrometry (HPLC-MS2)-based 
multi-analyte assay, which allow us to measure all essential anti-TB drugs in human plasma within a single 
analytical approach. Analytes are extracted by liquid-liquid extraction with acetonitrile (ACN) and 1% formic 
acid in water (FA). Measurements are performed on an 1100 HPLC system (Agilent) featuring Milipore 
SeQuant ZIC-HILIC (2.1x100mm, 5µm, 200 Å) column (Merck) and a Quattro Premier XE triple quadrupole 
MS (Waters) using electro spray ionization (ESI).  
This method enables us to identify specific multiple reaction monitoring (MRM) transitions and retention 
times for 20 antibiotics and five internal standards and decrease time and cost enormously. We show that 
the variability of personalised drug regimens, can be monitored with our analytical strategy. The HPLC-MS2 
approach was used for a retrospective study to correlate individual drug kinetics and therapy outcome. First 
results show that the approach might help in future optimizing dosages to avoid development of further drug 
resistance and increase treatment success. 
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The lack of accurate diagnostic contributes to the global persistence of tuberculosis (TB). M. tuberculosis 
infection can lead to a broad spectrum of outcomes: eradication, containment of bacilli load (latent infection, 
or LTBI), as well as sub-clinical, incipient or symptomatic disease, and death. Thus, the study of 
cellular/molecular interactions that occur during infection can lead to a better understanding of the 
resistance/susceptibility mechanisms, also leading to the development of more accurate biomarkers. We 
explored the value of small noncoding RNA (sncRNA) populations in peripheral blood as biomarkers for TB, 
using a cohort of recent close contacts (rCt) from an endemic scenario (Rio de Janeiro/Brazil). The rCt were 
divided in groups according to the response to both the tuberculin skin test (TST) and the interferon-gamma 
release assay (IGRA) as follows: exposed controls (ExC, TST/IGRA negative, n=14) or LTBI (TST/IGRA 
positive, n=21). Cases with active pulmonary TB (n=8), and rCt who underwent the prophylactic treatment for 
LTBI (LTBItt, n=6) were also included. Whole blood small RNA was sequenced using the Illumina HiSeq2500 
platform. Raw reads obtained were mapped to the human genome, normalized and evaluated for differential 
expression (DE) by the OASIS platform (www.oasis.dzne.de). Using a cut-off of a mean 5 reads across all 
samples, the sncRNA population consisted of 477 (77%) miRNA, 18 (3%) novel predicted miRNA (p-
miRNA), 85 (14%) piwi-interacting RNA (piRNA), 50 (8%) small nucleolar RNA (snoRNA), 4 (1%) small 
nuclear RNA (snRNA), and 4 (<1%) ribosomal RNA (rRNA) species. A total of 49 and 17 transcripts were DE 
during active TB (43 miRNA, 1 p-miRNA, 12 piRNA, 2 snoRNA) or LTBI (6 miRNA, 1 p-miRNA, 7 piRNA, 3 
snoRNA), respectively. No significant change in snRNA expression was observed. The DE miRNA were 
predicted to modulate genes from several pathways, most of them related to the immune response (e.g. 
interferon, IL-4 and TGF-β signaling, Fc receptors, apoptosis and chemokine response). The prediction of 
pathways modulated by piRNAs is ongoing. Despite the low discrimination of LTBI vs ExC (AUROC <u>< 
</u >0.74), a logistic regression model identified a combination of 5 sncRNA (3 miRNA, 1 piRNA and 1 
snoRNA) that had a sensitivity of 100% for the detection of active TB. Interestingly, this set also classified 8 
presumably LTBI cases as TB, and further analysis of clinical data revealed that they had features of TB 
such as pulmonary infiltrates and TB-compatible scars on chest radiography, suggesting that the classifier 
detected TB cases which had been misclassified as LTBI by traditional diagnostics. The differential 
expression of the 3 miRNA of the classifier could also be validated reanalyzing published miRNA data sets 
from studies in Germany and Uganda.  
This study demonstrates the dynamics of sncRNA populations in LTBI and TB and reveals the potential of 
sncRNA as diagnostic biomarkers for TB. 
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Aconitate decarboxylase and itaconic acid reduce inflammation and host susceptibility in 
influenza A virus infection 
 
N. Sahini1, A. A.Iqbal1, T. Ebenson2, A. Sohail1, M. Pils2, C. A. Guzman2, C. Falk3, V. Kaever3,  
A. Michelucci4, F. Pessler1, 2 

1TWINCORE, Institute for Experimental Infection Research, Hannover, Germany, 2HZI, Helmholtz Centre for 
Infection Research, Braunschweig, Germany, 3MHH, Hannover Medical School, Hannover, Germany, 
4Luxembourg Centre for Systems Biomedicine, University of Luxembourg, Luxembourg, Luxembourg 
 
Aconitate decarboxylase 1 (ACOD1; aka immune response gene 1, Irg1) catalyzes the conversion of cis-
aconitate to itaconic acid, and this axis is highly regulated in sterile inflammation and host responses to 
some bacterial pathogens, presumably due to linking inflammation and metabolism in myeloid-derived cells. 
Very little is known about its role in anti-viral defenses. We have therefore used targeted deletion of ACOD1 
in mice and THP-1 cells, as well as exogenous addition of itaconic acid and dimethyl-itaconic acid, to study 
the role of the ACOD1-itaconic acid axis in host defenses against influenza A virus (IAV). ACOD1 was the 
fourth-highest mRNA expressed in wild-type mouse lungs 48 h post infection with IAV (H1N1)PR/8/34. 
Weight loss, mortality, histopathologic changes in lung, and systemic inflammation were higher in ACOD1-/- 
than in +/+ mice. Infected ACOD1-/- THP-1 cells exhibited higher IAV hemagglutinin mRNA transcription and 
higher intra- and extracellular inflammation, particularly in type I IFN-regulated pathways, than wild-type 
cells. This effect was reversed upon exogenous addition of itaconic acid or dimethyl-itaconic acid, and it 
correlated with suppression of pathogenetically important pathways, but increased release of the anti-
inflammatory polypeptide IL-1ra. Upon infection of A549 cells, exogenous addition of both compounds 
markedly reduced IFN responses and TLR signaling pathways without affecting viral replication. 
Computational network analysis identified the NFkB inhibitors IkBa and IkBz as master regulators of the 
immunomodulatory effects of both compounds. These results provide first evidence that the ACOD1-itaconic 
acid axis constitutes a crucial link in protective host responses to IAV infection, likely due to limiting 
inflammation and associated end-organ damage. Furthermore, they suggest that itaconic acid and dimethyl-
itaconic acid merit further evaluation as adjunct, immunomodulatory treatments in influenza infection in 
humans.
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Congruency of clinical diagnosis and administered drug according to national treatment 
guideline in paediatric patients with severe febrile illnesses in rural Burkina Faso 
 
J. Kompenhans1, C. Dah2, M. Seynou2, B. Coulibaly2, A. Sié2, S. Gies1, 3, R. Sauerborn1, A. Souares1 

1Heidelberger Institut für Global Health, Universität Heidelberg, Heidelberg, Germany, 2Centre de Recherche 
en Santé de Nouna, Nouna, Burkina Faso, 3Missionsärztliches Institut Würzburg, Würzburg, Germany 
 
Introduction:  
There is increasing awareness in sub-Saharan Africa that most acute febrile episodes are due to causes 
other than malaria. However, febrile illnesses are mostly treated with antimalarial drugs due to the lack of 
complex laboratory facilities and additional laboratory tests. To improve quality of care in treatment and 
diagnostics, Burkina Faso uses a national diagnostic and treatment guideline (Guide Diagnostique et de 
Traitement, GDT) which has been revised and renewed at several occasions since its elaboration in 1993.  
Standardized, evidence-based treatment and diagnostics according to guidelines improve the health 
outcomes of patients. This is especially crucial in times of multi-drug resistance of antibiotics and antimalarial 
drugs.  
  
The study aimed at 1/ identifying if clinical diagnosis (according to first symptoms) and on that account 
chosen medication is congruent with the national treatment guidelines, 2/ identifying if the national treatment 
guideline is implemented and followed, 3/ monitoring if an expanded laboratory tests range is adding benefit 
to the successful treatment of patients in the clinical setting.  
  
Methods:  
To determine the causes of severe febrile illnesses, all children up to 15 years of age admitted with fever (38 
° C) to the paediatric ward of the District Hospital in Nouna, were eligible for an observational study which 
was conducted in between October 2015 and March 2017.  
Medical history including vaccination status was recorded and a clinical examination performed. Initial 
symptoms and detailed observations of the clinical examination were documented. 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.  
  
According to the patient’s symptoms a preliminary drug treatment was initiated before laboratory results were 
ready. Data about this initial treatment was collected. During analysis, the national treatment guidelines of 
Burkina Faso are used to compare congruent implementation of the guideline in regards of clinical diagnosis 
with administered drug.  
  
Results:  
566 participants have been included. After data collection and sample analyses for the laboratory part, as a 
second step the data set is analysed for congruency of clinical diagnosis, medication according to national 
treatment guideline and laboratory test result.  
Analysis showed that 56,8% of participants suffered from malaria (single and co-infections). However, 38,4% 
% of these patients didn’t get antimalarial treatment at admission. Whereas 16,8% of patients with no 
confirmed malaria, received antimalarial treatment. Complete results are expected to be presentable by 
December 2018. Possible gaps of implementation of the national treatment guideline in regards of treatment 
and diagnostics will be discussed. 
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TI 03.907 Development of novel diagnostic tests to support the elimination of the Neglected 
Tropical Diseases: onchocerciasis, geohelminths and schistosomiasis 
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1DZIF Partnersite Bonn-Köln, with African partner Buea, Cameroon, 2DZIF Partnersite Bonn-Köln, with 
African partner Kumasi, Ghana, 3DZIF Partnersite Tübingen, with African partner Lambaréné, Gabon, 4DZIF 
Partnersite Hamburg, with African partner Antananarivo, Madagascar, 5DZIF Partnersite München, with 
African partner Mbeya, Tanzania, United Republic of, 6DZIF Partnersite München, with African partner 
Kumasi, Ghana 
 
More than 1 billion people worldwide are infected with pathogens that cause Neglected Tropical Diseases 
(NTDs), a group of 20 diseases beyond malaria, TB and HIV/AIDS that affect the world’s poorest people and 
impair economic development such that they are one of the strongest determinants of poverty in endemic 
countries. The G7 committed in 2015 in Germany to fight NTDs by supporting research on prevention and 
treatment, as well as focusing on faster development of drugs, vaccines and point-of-care technologies. In 
support of this, the German Government stated in their coalition agreement to strengthen NTD research in 
Africa.  
In accordance with this mission, we have established an NTD research focus group within DZIF in order to 
address this relevant research field.  
Using existing partnerships with several African countries, the four DZIF sites listed above, together with their 
African partners, will provide a platform to address the development of biomarkers for NTD research, 
concentrating on: onchocerciasis, soil-transmitted helminths, and schistosomiasis, diseases that belong to 
the most important NTDs, as well as their co-infections with HIV.  
These activities will fill a need for diagnostic tools required to identify infected and cured patients, provide 
necessary data for determining when to end mass drug administration efforts, and for post-treatment 
monitoring to detect re-emergence of disease early enough so that only infected individuals need to be 
treated rather than having to reinstitute community-wide treatment. The focus on inidvidual patients also 
serves the SDG#3, targeting (universal) health coverage of 80% of infected individuals.  
 
Thus, the following four core areas are being addressed:  
- Biomarkers for improved diagnosis of onchocerciasis  
- Diagnostics for polyparasite infections  
- Improved diagnostics for schistosomiasis  
- Performance of new diagnostic tests in helminth/HIV co-infected individuals  
 
In the first months of its existence, the NTD focus group has:  
- Established a formal collaboration with NIH (Nutman lab) to evaluate a test for a circulating O. volvulus 
antigen, with the aim to differentiate whether Onchocerca nodules still harbor fertile female worms, and 
whether this would repopulate patients’ skin with microfilariae.  
- Received ethical clearance for a prospective clinical trial on macrofilaricidal treatments in Ghana and 
prepared the documents for a trial with a similar design for Cameroon, to evaluate tests for active (fertile) 
onchocerciasis.  
- Prepared study sites and laboratories with establishment of schistosomiasis reference diagnostics in 
Madagascar.  
- Recruited staff and performed GCP and lab (e.g., protein chip reader) training in Madagascar and Gabon.  
- Proceeded the application for ethical clearance in Gabon.  
- Received ethical clearance for a study on helminth/HIV co-infection in Ghana and Tanzania, so that the 
performance of new diagnostic tests for helminths can be evaluated in immune compromised individuals. 
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Hepatitis D Epidemiology in Germany: Existing evidence and gaps 
 
I. Sperle-Heupel, R. Zimmermann, G. Steffen, N. Sarma, S. Beermann, R. Thamm, V. Bremer, S. Dudareva 
Robert Koch-Institute, Berlin, Germany 
 
Introduction:  
The Hepatitis D virus (HDV) requires hepatitis B virus (HBV) for its replication, and an estimated 15-20 
million people are infected with hepatitis D worldwide, representing around 5.0% of those infected with HBV 
(HbsAg). Hepatitis D leads to a more severe infection and more rapid progression to adverse outcomes. 
Germany is considered a low-prevalence country for HBV with 0.3% of the adult general population living 
with an active HBV infection as found in the latest population-based study. While the number of reported 
cases of HDV is low, the epidemiology and burden of HDV and the comprehensiveness of available data in 
Germany is unknown.  
  
Objectives:  
The objective was to provide an overview of the viral hepatitis epidemiology in Germany, in particular to map 
existing knowledge and gaps about HDV epidemiology and disease burden in Germany.  
  
Materials and methods:  
A systematic literature review was undertaken according to PRISMA statement guidelines and the Cochrane 
Collaboration. A search string was developed with specific keywords on HDV epidemiology to identify eligible 
references. The searches were run in six online databases (Embase, PubMed, Europe PMC, Scopus, Base 
Bielefeld and CC Med) for references published between January 2005 and March 2017. Publications with 
data on HDV epidemiology and burden are presented in this abstract.  
  
Results:  
The systematic literature review retrieved eight references which reported on HDV in Germany, of which 
three references focused solely on HDV.  
The prevalence of HDV in HBV infected patients in Germany ranged from 0-5.1% in the included 
publications (N=4). One publication reported on etiology of cirrhosis of which one patient had HDV (0.7%). 
Four publications reported on etiology of hepatocellular carcinoma (HCC), in which the patients with HDV 
ranged from 0.7%-12.0%.  
One publication retrospectively analysed 67 patients with HDV from one hospital (1989-2008). Of these, 
38.8% had cirrhosis of which five received a liver transplantation. In total, 7.5% had HCC, with a cumulative 
incidence of HCC of 19%. The proportion of the 67 HDV patients who died was 13.4%, and the treatment 
rate was 61.2%. For the majority of the 67 patients, the transmission route was unknown (37.4%). The most 
reported known risk factors were family exposure (19.4%), blood transfusion or medical intervention (13.4%), 
and drug use (14.4%). Sexual transmission was reported for 10.4% and multiple risk factors for 9.0%.  
  
Conclusions:  
Data on hepatitis D is scarce in Germany. Little is known about the burden of HDV, as well as which 
population groups are most affected and whether HDV is sufficiently tested for. More research is needed to 
map the epidemiology and burden of hepatitis D, in particular the magnitude of the implications of HBV and 
HDV co-infection in the development of cirrhosis and HCC. To improve the viral hepatitis response and 
chances of reaching the elimination goals, increased research on HDV is called for. 
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Faecal bile acid concentrations predict response to faecal microbiota transplantation in 
patients with recurrent C. difficile infection 
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K. Dettmer7, P. G. Higgins2, 8, S. Suerbaum4, 5, 9, 10, N. Jazmati2, 8, P. J. Oefner7, M. Vehreschild1, 2 
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Munich, Germany 
 
Objectives: Faecal microbiota transplantation (FMT) has proven high clinical efficacy in the management of 
recurrent Clostridium difficile infection (rCDI) with cure rates of over 80% after a single treatment. 
Nevertheless, the reasons for failure in the remaining 20% remain elusive. The aim of the present study was 
to investigate different potential predictors of response to FMT.  
  
Methods: Faecal specimens of seventeen patients undergoing FMT for rCDI, as well as samples from the 
respective donors were collected and analyzed by 16S rRNA gene profiling, bile acid-inducible (baiCD) gene 
specific qPCR, and liquid chromatography tandem-mass spectrometry (LC-MS/MS) to quantify the 
concentrations of primary and secondary bile acids, including cholic acid (CA), chenodeoxycholic acid 
(CDCA), deoxycholic acid (DCA), and lithocholic acid (LCA). Urinary specimens were analyzed to quantify 3-
indoxyl sulfate (3-IS) and p-cresyl sulfate (pCS).  
  
Results: Using the faecal concentration of the secondary bile acid LCA within the patient specimens, we 
were able to predict response to FMT (AUC 98%, sensitivity 100%, specificity 90.9%). By combining the 
faecal LCA concentration with the urinary pCS concentration, an accuracy of 100% was achieved.  
  
Conclusion: LCA appears to be a promising marker candidate for prediction of clinical response to FMT. 
Other makers, such as urinary concentration of pCS, but not 3-IS, might be used to improve accuracy of 
prediction. Further studies are warranted to validate these candidate markers. 
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Searching for different pathogens in breeding colonies of wild-derived rats in Germany 
 
E. Heuser1, G. Wilharm2, T. Eisenberg3, K. Schmidt4, R. Ryll1, K. Wernike1, B. Hoffmann1, F.-R. Matuschka5, 
R. Ulrich1 

1Friedrich-Loeffler-Institut, Greifswald, Germany, 2Robert Koch-Institute, Wernigerode Branch,, Wernigerode, 
Germany, 3Hessian State Laboratory, Giessen, Germany, 4German Cancer Research Centre (DKFZ), 
Heidelberg, Germany, 5Outpatient Clinic, University of Potsdam, Potsdam, Germany 
 
Norway rats (Rattus norvegicus) and Black rats (Rattus rattus) represent important reservoirs of various 
zoonotic pathogens, such as Leptospira spp. and Streptobacillus spp., and potentially zoonotic pathogens 
like rat hepatitis E virus (ratHEV) and Acinetobacter baumannii. In contrast, Rattus norvegicus Polyomavirus 
1 (RnorPyV1) and rat hepacivirus are most likely non-zoonotic, rat-specific agents. Leptospira infection 
occurs in rats without obvious signs, whereas in humans the symptoms range from very mild to severe 
hemorrhagic disease of the lungs and renal syndrome. Infections of rats with the potentially human 
pathogenic Acinetobacter baumannii have been described so far only in experimental infected animals, but 
not in free-living rats. RnorPyV1 was described initially in a breeding colony of wild-derived rats in Germany.  
  
In a pilot study, shares of altogether, 59 Norway and 108 Black rats from three breeding colonies of wild-
derived rats in Germany were examined for six pathogens by pathogen isolation approaches, pathogen-
specific PCR/RT-PCR methods and by multiplex serology.  
  
Acinetobacter baumannii was isolated from tracheal samples in 8 of 127 analyzed rats (6.3%). In none of the 
126 investigated rats, Leptospira DNA was found. With a prevalence of 14.2%, 18 of 127 samples were 
positive for ratHEV RNA. Streptobacillus spp. were detected by PCR in 10 Norway and 16 Black ratsof 127 
analyzed animals (average 20.5%). A few rat hepacivirus-positive animals (3/127; 2.4%) were found and in 
50% (36/72) of the rats RnorPyV1 DNA was detected. Multiplex serology analysis showed the presence of 
antibodies reactive to rat parvoviruses, murine pneumonia virus, rat rotavirus, Streptobacillus spp. and 
Mycoplasma pulmonis.  
  
In conclusion, these initial results indicate that a large number of different pathogens may be present in both 
rat species within breeding colonies of wild-derived rats in Germany. 
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Background  
Recent and reliable data are needed in order to know where to strengthen the efforts towards viral hepatitis 
elimination and to monitor progress. The scientific evidence regarding the epidemiological situation of 
hepatitis C virus (HCV) infection by population subgroup is currently unknown in Germany.  
  
Objectives  
We aimed at generating the baseline epidemiological situation, identifying knowledge gaps and research 
needs to be able to measure progress of viral hepatitis elimination in Germany.  
  
Materials and methods  
A systematic literature review was conducted according to PRISMA statement guidelines and the Cochrane 
Collaboration. Search strings with specific keywords were developed to identify eligible references describing 
epidemiological aspects on burden of disease and management. We searched the online databases 
Embase, PubMed, Europe PMC, Scopus and Base Bielefeld and CC Med with a limitation to references 
published from 01/2005-03/2017. Here we focus on HCV prevalence, incidence and reinfection.  
  
Results  
The seroprevalence of HCV antibodies (anti-HCV) in the general population, excluding key populations, 
ranged from 0.2-0.3% in three eligible publications, and from 0.9-3.5% in clinical populations including 
persons in different medical care settings (n=8). Anti-HCV seroprevalence in key populations, including 
migrants, was reported by 12 studies. It ranged from 0.4-2.3% in migrants (n=4), from 3.6-4.8% in 
hemodialysis patients (n=2), 5.2% in alcohol-dependent patients (n=1), 8.2-10.1% in HIV positive males 
/men having sex with men (MSM) (n=2), and 63-68.8% in people who inject drugs (PWID) (n=2). For 
prisoners one study was identified with an anti-HCV prevalence of 14.3%, reported by prison doctors.  
HCV-Incidence data was identified in one study for the general population, with an estimated incidence of 
0.02% per year by analysis of health insurance funds data over time. Three studies reported on HCV 
incidence and re-infection among key populations. Self-reported incidence was 0.4% per year in HIV 
negative or not tested MSM and 4.3% per year in HIV positive MSM. Measured incidence in a cohort of HIV 
positive MSM was 1.54 per 100 person-years, and HCV-reinfection rate ranged from 4.8-8.2 per 100 person-
years.  
  
Conclusion  
A reliable evidence basis was found for prevalence of anti-HCV in the general population in Germany, which 
is very low, however prevalence studies in key populations show a high to very high burden of HCV in 
migrants, hemodialysis patients, HIV positives, MSM and PWID. In these populations testing and linkage to 
care and a close observation of the epidemic are recommended. No evidence was identified for recipients of 
blood transfusion, sex workers or persons with tattoos/piercings, and only weak evidence for prisoners - 
highlighting the need for generating robust prevalence data in those groups. Incidence /reinfection data is 
scarce in Germany and completely missing for PWID. 
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M. Seynou1, A. Ouédraogo1, A. Sié1, B. Coulibaly1, P. Zabré1, S. Gies2, J. J. Ott3, G. Krause3, R. Sauerborn4, 
A. Souares4 

1Centre de Recherche en Santé de Nouna, Nouna, Burkina Faso, 2Medical Mission Institute, Würzburg, 
Würzburg, Germany, 3Helmholtz Center for Infection Research, Braunschweig, Germany, 4Institute of Public 
Health, Heidelberg Medical Faculty, Heidelberg, Germany 
 
Objectives: This study aimed to provide representative and up-to-date information on the serological status 
and risk factor regarding chronic Hepatitis B virus infection in rural Burkina Faso and to establish capacity for 
sero-epidemiological studies.  
Methods: The study took place in 2017 in Nouna, northern Burkina Faso. A two-stage random sample of 
2,088 children aged 0 to 9 and 2,310 individuals aged 10 and over was drawn from the total population 
registered in the Health Demographic Surveillance System. We enrolled participants through household 
visits. Sociodemographic information, medical background and sexual behavior information were collected 
using electronic tablets and transferred to a secure server after quality control. We also collected 300 
microliters of capillary blood for the detection of HBs antigen using Elisa. Blood samples were centrifuged 
immediately after collection and the serum obtained was stored at -80 degrees until the Elisa test was 
performed. Associations between risk factors and presence of HBs antigen was assessed by logistic 
regression.  
Results: A total of 4,367 individuals (99.3%) were included in the analyses. Average age was 19 years, with 
an equal sex distribution. The overall prevalence of HBsAg was 5.3%, 1.6% in 0-9 years old and 8.7% in 10 
years old and over. Blood transfusion, multiple sexual partners, scarification, tattooing and intravenous drug 
use were not statistically associated with carriage of HBsAg. However, age (p=0.000, OR=5.75, 95% CI= [4-
8.29]), sex (p= 0.0004, OR=0.67, 95% CI= [0.51-0.88]), circumcision (p=0.000, OR= 3.19, 95% CI= [2.07-
4.9]) and excision (p=0.000, OR=2.76, 95% CI= [1.82-4.18]) were strongly associated with the presence of 
viral hepatitis B of HBs antigen. Circumcised males aged 10 years and older had the highest prevalence of 
HBsAg.  
Conclusion: The lower prevalence of HBsAg among children is likely to be associated with the introduction of 
HBV vaccination in the routine immunization program in Burkina Faso since 2006. In line with existing 
knowledge, age and sex are identified as risk factors for chronic HBV in our study. Religious and traditional 
practices like circumcision and excision were found associated with risk for HBV. These results also 
confirmed the high prevalence of hepatitis B in the adult population of Burkina and call for strong action on 
the prevention of hepatitis B in exposed population groups. 
 



Symposium V: Global Intervention Effectiveness 

 168 

 

P 128 
 
Laboratory findings, compassionate use of favipiravir, and outcome in patients with Ebola 
virus disease, Guinea, 2015 — a retrospective observational study 
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In 2015, a mobile laboratory unit was established at the Ebola treatment center in Coyah to support 
diagnostics of Ebola virus disease (EVD) cases in Western Guinea. A fraction of laboratory confirmed EVD 
patients received favipiravir on compassionate use basis. Laboratory, demographic, treatment, and outcome 
data were analyzed using descriptive statistics and regression models. EVD was confirmed by RT-PCR in 
84/3,823 (2%) individuals who died in the community and in 286/813 (35%) EVD suspected cases attending 
a treatment center. The case fatality rate was 52%. Survival was associated with higher cycle threshold in 
the RT-PCR (p<0.001), younger age (p<0.001), and favipiravir treatment (p=0.004). The regression model 
estimated up to 30% higher chance of survival in favipiravir treated patients. Age and virus load are 
confirmed as EVD outcome predictors. Consistent with the previous JIKI clinical trial, this retrospective 
observational study indicates that favipiravir may save lives of EVD patients. 
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Introduction  
Germany is a low prevalence country concerning viral hepatitis B (HBV), however the burden of disease may 
be high among key populations. There is currently no overview of the scientific evidence regarding the 
epidemiological situation in the general population and vulnerable groups in Germany. To measure progress 
of viral heapatitis elimination goals we performed systematic literature review to generate the baseline 
epidemiological situation, identifying knowledge gaps and research needs in Germany.  
  
Methods  
A systematic literature review was undertaken according to PRISMA statement guidelines and the Cochrane 
Collaboration. Search strings were developed to identify eligible references describing epidemiological 
aspects on burden of disease (prevalence, incidence, transmission routes, distribution of genotypes, co-
infections with viral hepatitis viruses or HIV, quality of life and outcome of infection) and management 
(vaccination, diagnosis, and therapy). We searched the online databases Embase, PubMed, Europe PMC, 
Scopus and Base Bielefeld and CC Med. The search was limited for references published between January 
2005 and March 2017. This abstract describes data on HBV prevalence, incidence and vaccination 
coverage.  
  
Results  
HBV prevalence in the general population (adults and children; including proxy populations) was reported by 
15 publications, of which six were on national level. HBV prevalence was reported also in migrants (n=5), 
intravenous drug users (IDU) (n=1), persons in substitution (n=1), men who have sex with men (MSM) (n=1) 
and HIV positives (n=1). One publication reported on HBV incidence and 44 on vaccine coverage.  
  
In the adult general population originating from one study HBsAg prevalence was 0.3%; Anti-HBc prevalence 
5.1%; and HBV vaccination coverage: 22.9%-32.9%, in children (0.2%; 0.5%; 65.5%-91.0%), in clinical adult 
populations (0.2%-3.4%; 5.6-8.3%; -), in pregnant women (0.5%-1.6%; -; -), in health care workers (0.4%; 
0.9%; 63.6%-94.0%), in migrants (2.3%-3.6%; 14.0%-32.5%; -), in HIV positives (4.5%; 42.8%; 11.5%), in 
MSM (1.7%; 28.8%; 47.5%-59.8%), in persons in substitution (1.3%; 28.8%; 19.0%-49.0%), in IDU (1.1%; 
25.0%; 32%). HBV incidence in HIV positive MSM was 2.51 cases per 100 person years.  
  
No evidence was found in sex workers, persons with frequently changing sexual partners, prisoners, persons 
with tattoos or piercings.  
  
Conclusions  
We created a comprehensive evidence-based overview on the current epidemiological situation of HBV in 
Germany. We observed good evidence of low prevalence of HBV in the general population, but high in IDU, 
MSM and HIV positives, however based on only one publication each. Testing and prevention must be 
targeted to these key populations, and the evidence basis must be improved. HBV vaccination coverage is 
insufficient and needs to be increased. Seroprevalence studies among prisoners, persons with sexual risk 
behaviours should be conducted to generate evidence. 
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Metagenomic sequencing at the epicenter of the Nigeria 2018 Lassa fever outbreak 
 
L. E. Kafetzopoulou1, 2, S. T. Pullan1, P. Lemey3, D. Ehichioya2, M. Pahlmann2, A. Thielebein2, J. Hinzmann2, 
L. Oestereich2, Y. Ighodalo4, D. Adomeh4, T. Olokor5, C. Ihekweazu6, P. Formenty7, S. Okogbenin4,  
E. Ogbaini-Emovon4, S. Günther2, S. Duraffour2 

1Public Health England, Porton Down, United Kingdom, 2Bernhard-Nocht Institute for Tropical Medicine, 
Hamburg, Germany, 3Rega Institute, Leuven, Belgium, 4Irrua Specialist Teaching Hospita, Irrua, Nigeria, 
5Irrua Specialist Teaching Hospita, Hamburg, Germany, 6Nigeria CDC, Abuja, Nigeria, 7World Health 
Organization, Geneva, Switzerland 
 
Background: The 2018 Nigerian Lassa fever season saw the largest ever recorded upsurge of cases, raising 
concerns over the emergence of a strain with increased transmission rate. Methods: To understand the 
molecular epidemiology of this upsurge we performed, for the first time at the epicenter of an unfolding 
outbreak, metagenomic nanopore sequencing directly from patient samples, an approach dictated by the 
highly variable genome of the target pathogen. Findings & interpretation: Genomic data and phylogenetic 
reconstructions were communicated immediately to Nigerian authorities and the WHO to inform the public 
health response. Real-time analysis of 36 genomes, and subsequent confirmation using all 120 sequenced 
in-country, revealed extensive diversity and phylogenetic intermingling with strains from previous years, 
suggesting independent zoonotic transmission events; allaying concerns of an emergent strain or extensive 
human-to-human transmission. 
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