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Foreword / Greeting 
 
 
 
Dear colleagues, 
  
Welcome to this year’s German Center for Infection Research Annual Meeting in Cologne. 
  
Ebola and Zika viruses, dangerous hospital pathogens and extensively resistant tuberculosis 
bacteria have recently drastically demonstrated the kind of global challenges infection 
research has been confronted with over and over again. 
The German Center for Infection Research (DZIF) has been taking up these challenges 
since 2012, and has compiled a programme for the 2016 Annual Meeting that does justice to 
the various topics of research. 
  
All nine DZIF research fields (TTUs) will present their current findings and research highlights 
in a session each. For the first time, Academy scholarship holders will give talks to close 
each session. The DZIF Academy’s declared goal is to educate and train the next generation 
of infection researchers and to continuously expand its programme. Besides this, the DZIF 
infrastructures that benefit all the research fields will be presented at the TI-Forum. As in 
previous years, an extensive poster exhibition will accompany the Annual Meeting’s 
programme. 
  
Lectures, discussions and the poster exhibition all provide opportunities for intensive 
information exchange which can be continued at the social evening in the Brauhaus. Use this 
meeting to strengthen your network with colleagues from the other partner sites. The DZIF 
thrives through collaboration. 
  
We wish you a pleasant stay in Cologne!  
  
Best regards, 
  
Your Conference Chairs 
 
 
Prof. Dr. Winfried Barchet  
Prof. Dr. Jan Felix Drexler  
Dr. Jan Rybniker  
PD Dr. Maria Vehreschild 
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TTU HIV  
  
TTU Lecture 1 
 

Anti-HIV-1 antibody 10-1074 reduces viremia in HIV-1-infected individuals 
M. Caskey1, T. Schoofs1, H. Gruell2, 3, 4, L. Nogueira1, E.F. Kreider5, T.Y. Oliveira1, B. Murrell6, T. 
Karagounis1, C. Lehmann3, 4, D. Gillor2, I. Shimeliovich1, D. Weiland2, G. Kremer3, 4, T. Kümmerle3, C. 
Wyen3, G.H. Learn5, M.S. Seaman7, S.J. Schlesinger1, G. Fätkenheuer3, 4, B.H. Hahn5, M.C. 
Nussenzweig1, 8, F. Klein2, 3, 4 

1Laboratory of Molecular Immunology, The Rockefeller University, New York, United States, 
2Laboratory of Experimental Immunology, Center for Molecular Medicine Cologne, University of 
Cologne, Cologne, Germany, 3Department I of Internal Medicine, University Hospital Cologne, 
Cologne, Germany, 4German Center for Infection Research, Partner site Bonn-Cologne, Cologne, 
Germany, 5Departments of Medicine and Microbiology, Perelman School of Medicine, University of 
Pennsylvania, Philadelphia, United States, 6Department of Medicine, University of California, San 
Diego, United States, 7Center for Virology and Vaccine Research, Beth Israel Deaconess Medical 
Center, Harvard Medical School, Boston, United States, 8Howard Hughes Medical Institute, The 
Rockefeller University, New York, United States 
 
10-1074 is a monoclonal antibody targeting a glycan-dependent epitope at the base of the V3 loop of 
the HIV-1 envelope protein (Env). In in vitro neutralization assays, 10-1074 demonstrates potency and 
breadth with an average IC50 of 0.37 µg/ml among 182 sensitive viral strains. When combined with 
broadly neutralizing antibodies (bNAbs) targeting different Env epitopes, 10-1074 contributes to 
control of viremia in (S)HIV-infected humanized mice and macaques. In an ongoing first-in-human 
phase I clinical trial, a single intravenous infusion of 10-1074 was administered to HIV-1-infected and 
uninfected individuals at one of three increasing dose levels (3 mg/kg, 10 mg/kg, and 30 mg/kg). 10-
1074 was safe, well tolerated, and demonstrated favorable pharmacokinetics. In viremic individuals 
tested sensitive for 10-1074, a single 30 mg/kg infusion of 10-1074 resulted in a mean transient 
reduction of the viral load of 1.46 log10. Viral rebound was associated with the emergence of escape 
variants carrying mutations in the antibody target sites. Mutations were mutually exclusive and escape 
viruses derived from multiple viral quasispecies. Sensitivity to bNAbs targeting non-overlapping 
epitopes was not affected by mutations conferring resistance to 10-1074. These results demonstrate 
the safety, tolerability, and antiviral potency of 10-1074 in HIV-1-infected humans and support the 
investigation of combinations of broadly neutralizing antibodies to target HIV-1 infection. 
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ST 1 
 

Translational Platform HIV: Implementation of the Treatment of Primary HIV Cohort 
M. Stecher1, 2, A. Jablonka3, 4, C. Lehmann1, H. Holst3, 4, B. Gunsenheimer-Bartmeyer5, S. Heinen1, G. 
Fätkenheuer1, 2, O. Degen6, 7, R. Draenert8, 9, J. Bogner8, 9, J. Rockstroh10, 11, H. Jessen12, S. 
Scholten13, C. Wyen14, N. Postel15, G. Behrens3, 4, J.J. Vehreschild1, 2 

1University Hospital of Cologne, Cologne, Germany, 2German Center for Infection Research (DZIF), 
partner site Bonn-Cologne, Cologne, Germany, 3Hannover Medical School, Hannover, Germany, 
4German Center for Infection Research (DZIF), partner site Hannover, Hannover, Germany, 5Robert-
Koch-Institut, Berlin, Germany, 6University Hospital Hamburg-Eppendorf, Hamburg, Germany, 
7German Center for Infection Research (DZIF), partner site Hamburg, Hamburg, Germany, 8University 
Hospital Munich, Munich, Germany, 9German Center for Infection Research (DZIF), partner site 
Munich, Munich, Germany, 10University Hospital of Bonn, Bonn, Germany, 11German Center for 
Infection Research (DZIF), partner site Bonn-Cologne, Bonn, Germany, 12Clinic Jessen and 
colleagues, Berlin, Germany, 13Clinic Hohenstaufenring, Cologne, Germany, 14Clinic Ebertplatz, 
Cologne, Germany, 15Clinic prinzmed, Munich, Germany 
 
Background: Potential new treatment strategies targeting HIV viral reservoirs and immunity come with 
new challenges for clinical researchers and physicians. Key strategies for the development of HIV 
cure approaches include the exploration of HIV immune surveillance as well as early intervention 
strategies prior to the establishment of the viral reservoirs. There is growing demand for quality-
assured biomaterial samples and medical data of patients from rare subgroups, elite controllers and 
patients with an acute or early HIV infection. With support of the German Centre for Infection 
Research (DZIF), the Treatment of Primary HIV Infection (TopHIV) cohort was established as 
collaboration between the Robert-Koch-Institute (RKI), university hospitals and private HIV practices 
throughout Germany.  
  
Method: The TopHIV cohort was designed as an open multicentre cohort project of acute and early 
HIV-infected patients, divided in a past- and future cohort. A comprehensive collection of biomaterial, 
laboratory- and sociodemographic data is collected in a standardized form based on the structure of 
the Translational Platform (TP-HIV), by using the biobanking module HEnRY (HIV Engaged Research 
Technology) and eCRF provided on www.ClinicalSurveys.net. Patient recruitment started in February 
2016. This is the first descriptive analysis of the growing cohort.  
  
Results: To date, our network comprises six university hospitals and 12 specialized HIV practices 
throughout Germany. A total of 148 patients have been included in the cohort (past: n=114; future: 
n=34) by 15th of August 2016. 
 
 
(see next page) 
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 "TopHIV cohort 
(n=148)" 

"TopHIV past (n=114)" "TopHIV future 
 (n=34)" 

Age (median, range) 37 (19-60) 37 (21-58) 34 (19-60) 
Gender n (%)    

Female 1 (0.7) 1 (0.9) - 
Male 147 (99.3 ) 113 (99.1) 34 (100) 
Primary risk factor n 
(%) 

   

MSM 138 (93.2) 109 (95.6) 29 (85.3) 
Heterosexual 4 (2.7) 3 (2.6) 1 (2.9) 
Missing 6 (4.1) 2 (1.8) 4 (11.8) 
    
Baseline characteristica TopHIV cohort. 
 
The patient population was 98.6% (n=146) male, with 81.9% (n=121) Caucasian. The median age was 
37, range 19-60 years. Men who have sex with men (MSM) representing the greatest percentage 
93.2% (n=138). Patients with Fiebig stage IV/V and III were predominantly with 39.9% (n=59) and 
37.8% (n=56) respectively 17.6% (n=26) were categorized into Fiebig II.  
 
 "TopHIV cohort (n=148)" "TopHIV past (n=114)" "TopHIV future 

 (n=34)" 
Fiebig n (%)    

II 26 (17.6) 22 (19.3) 4 (11.8) 
III 56 (37.8) 45 (39.5) 11 (32.4) 
IV/V 59 (39.9) 42 (36.8) 17 (50) 
No Immunoblot test 3 (2.0) 2 (1.8) 1 (2.9) 
Missing 4 (2.7) 3 (2.6) 1 (2.9) 

Fiebig classification TopHIV cohort. 
 
 
Co-infections with Hepatitis B and C were reported in 8.9% (n=13). HIV-associated or AIDS defining 
diseases were only reported in 2.9% (n=4). Baseline HIV-1 RNA (copies/ml) was >10000 in 74.3% 
(n=110). A total of 2% (n=3) had a CD4 count at baseline <200 cells/mm3.  
  
Future perspectives: The unique data- and biomaterial collection of the TopHIV cohort allows 
expedited translational research from bench to bedside and back by structural harmonisation and 
centralised services, reducing project overheads and regulatory burden for investigators. In the future, 
we will continuously expand our network, recruit new patients and conduct multiple research projects 
with the aim to find potential HIV cure strategies. 
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Compartment-specific distribution of human intestinal innate lymphoid cells is altered 
in HIV patients under effective therapy 
B. Krämer1, 2, F. Goeser1, 2, A. Glässner1, 2, P. Lutz1, 2, D. Kaczmarek1, 2, C. Boesecke1, 2, J.-C. 
Wasmuth1, 2, C. Schwarze-Zander1, 2, C. Strassburg1, 2, J. Rockstroh1, 2, U. Spengler1, 2, J. 
Nattermann1, 2 

1Department of Internal Medicine I, University of Bonn, Bonn, Germany, 2German Center for Infection 
Research (DZIF), Bonn, Germany 
 
Background: Microbial translocation due to HIV-induced damage of the gut epithelial barrier has been 
proposed to represent a major cause of HIV-induced systemic inflammation. In this context, innate 
lymphocytes (ILCs), a novel family of innate immune cells, are of special interest as these cells are 
considered to function as key orchestrators of immune defences at mucosal surfaces and to be crucial 
for maintaining an intact intestinal barrier. However, only little is known regarding distribution and 
function of intestinal ILCs in HIV(+) patients. Here, we characterised ILCs along the intestinal 
epithelium of the entire human gastrointestinal (GI) tract in HIV(+) and HIV(-) individuals.  
  
Methods: A total of 28 HIV-infected individuals from the HIV Outpatient Clinic at the University Hospital 
of Bonn in Germany were enrolled into this study. All patients were under effective combined 
antiretroviral therapy (cART) and displayed HIV RNA levels below the level of detection. In addition, 
38 healthy, HIV(-) individuals were studied. Isolation of ILCs from endoscopic biopsies obtained during 
routine endoscopy was performed based on recently published protocols. ILCs were phenotypically 
characterized by flowcytometry and tested for expression of IFN-g, IL-13, and IL-22 following 
stimulation with PMA and ionomycin.  
  
Results: Despite an apparently normal composition in peripheral blood, we observed a significantly 
dys-regulated intestinal ILC pool in treated HIV(+) patients, who revealed a decreased frequency of 
total ILCs in ileum and colon owing to reduced numbers of both CD127(+)ILC1 and ILC3.  
IFN-g production of CD127(+)ILC1 and CD103(+)ILC1 did not differ significantly between HIV-infected 
individuals and HIV(-) controls. However, we found significantly increased IL-22 production of HIV 
ILC3 in the colon, whereas no such differences were observed in ILC3 isolated from the duodenum.  
Mucosal IL-7 mRNA levels were significantly decreased in HIV patients specifically in those segments 
of the GI tract with decreased ILC frequencies. Moreover, we observed HIV infection to be associated 
with significantly reduced expression of the IL-7 receptor CD127 in all analysed parts of the GI tract, 
suggesting that both decreased mucosal concentrations of IL-7 as well as impaired IL-7 responses of 
ILCs might contribute to incomplete reconstitution of ILCs under effect anti-retroviral therapy. In line 
with previous reports we found plasma levels of I-FABP, a surrogate marker for loss of gut barrier 
integrity, to be significantly higher in HIV patients than in controls. More importantly, frequency of 
colonic ILC3 was inversely correlated with I-FABP levels.  
  
Conclusions: Our data indicate a compartment-specific distribution of ILCs in the human GI-tract. 
Furthermore, our data suggest a link between markedly dys-regulated intestinal ILCs and loss of 
intestinal barrier function in HIV infection, thereby allowing for bacterial transmigration and systemic 
immune activation. 
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Operational evaluation of HIV Point of Care Tests for very early infant HIV diagnostics 
in infants born from HIV infected mothers in Mbeya, Tanzania. 
I. Sabi1, H. Mahiga1, J. Mgaya1, O. Geisenberger2, 3, J. France4, M. Hoelscher2, 3, A. Kroidl2, 3 

1NIMR-Mbeya Medical Research Center (MMRC), Mbeya, Tanzania, United Republic of, 2Division of 
Infectious Diseases and Tropical Medicine, Medical Center of the University of Munich (LMU), Munich, 
Germany, 3German Center for Infection Research (DZIF), partner site Munich, Munich, Germany, 
4Division of Gynaecology and Obstetrics, Mbeya Referral Hospital (MRH), Mbeya, Tanzania, United 
Republic of 
 
Background: Early infant HIV diagnostics for infants born to HIV infected mothers in Africa is currently 
assessed at 4-6 weeks post-partum using dry blood spot (DBS) qualitative HIV-DNA testing. 
Procedures are complicated by specialized laboratory requirement, linkage and often long turn-around 
time delaying the start of infant antiretroviral therapy (ART). Very early neonatal ART initiation has 
shown to influence the establishment of viral reservoirs with the potential to reach sustained HIV 
remission or cure. HIV Point of Care (PoC) testing as early as birth performed at obstetric clinics 
would provide the option for immediate neonatal ART initiation.  
 
Methods: The Baby Study is an ongoing prospective in-vitro diagnostic study evaluating HIV PoC 
testing for very early infant HIV diagnostics in Mbeya, Tanzania. HIV infected pregnant women were 
enrolled at the time of delivery, quantitative HIV PoC testing (Cepheid Xpert HIV-1 Quant) was 
performed and compared to plasma HIV-RNA. HIV exposed infants received qualitative HIV PoC 
testing (Cepheid Xpert HIV-1 Qual) at birth, weeks 1, 2, 3 and 6 post-partum. Positive HIV PoC tests 
were confirmed by standard DBS qualitative HIV-DNA and quantitative plasma HIV-RNA (Roche 
COBAS TaqMan). HIV negative infants were confirmed by DBS HIV-DNA at their last study visit.  
 
Results: Between July 2015 and June 2016, 502 HIV infected pregnant women were included. By then 
12 infants were diagnosed HIV positive (transmission rate 2.4%), of those 9 (75%) were diagnosed at 
birth suggesting intra-uterine infection, and 3 were either detected at week 1, 2 and 3 respectively, 
suggesting peripartal transmission. The Xpert HIV-1 Qual PoC testing correctly identified all HIV 
infected and non-infected infants (no false positive or negative test results) resulting into 100% test 
sensitivity and specificity. Overall, 89% of women were on ART at the time of delivery, of those 14% 
were identified with HIV-RNA >1000 copies/mL suspecting treatment failure. A good agreement 
between the quantitative Xpert HIV-1 Quant PoC test and the TaqMan plasma HIV-RNA was seen, 
however, the Xpert HIV-1 Quant HIV-RNA results indicated slightly higher viral loads as compared to 
the TaqMan with a mean difference of 0.3 log. Updated results will be presented.  
 
Conclusion: We could demonstrate an excellent Xpert HIV-1 PoC test performance for both early 
infant HIV diagnostics and maternal viral load monitoring at delivery. Our results provide a diagnostic 
platform to further advance into very early neonatal antiretroviral treatment studies as well as to timely 
identify infants most at risk for vertical HIV transmission due to high maternal viral loads. 
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Human Immunodeficiency Virus (HIV)-1 and its Integration sites in Viral Latency 
W. Wang1, 2, N. Wu1, 2, M. Zahn1, 2, D. Schenkwein1, 2, R. Fronza1, 2, H.-G. Kräusslich3, W. Kern4, S. 
Usadel4, S. Laufs1, 2, C. von Kalle1, 2, M. Schmidt1, 2 

1Department of Tranlational Oncology, German Cancer Research Center, Heidelberg, Germany, 
2National Center for Tumor Diseases, Heidelberg, Heidelberg, Germany, 3Department of Infectious 
Diseases, Virology, Universitätsklinikum Heidelberg, Im Neuenheimer Feld 324, Germany, 4Center for 
Infectious Diseases and Travel Medicine, Universitätsklinikum Freiburg, Freiburg, Germany 
 
Combined Antiretroviral therapy (cART) is successful in the suppression of HIV replication but cannot 
target and eradicate the latent proviral reservoir. Integration is a non-random process and proviruses 
in specific genes are supposed to be linked to clonal expansion and persistence of infected cells in 
patients under long-term antiretroviral treatment. In addition, resistance mutations to cART may arise 
spontaneously as a result of the error-prone replication of HIV-1 and are selected both in vitro and in 
vivo by pharmacological pressure. However, very little is known about the IS repertoire in early phases 
of the infection and possible persistence of cell clones in the high-viremia before and shortly after the 
initiation of cART, and the rate of spontaneous mutation have seldom been determined in vivo for 
human patients.  
Here we developed a high-throughput targeted sequence enrichment assay that uses a pool of HIV-
specific probes to quantify the HIV-1 genome-wide rate of spontaneous mutation in DNA sequences 
from peripheral blood mononuclear cells, as well as persistent HIV-1 integration sites in analyzed 
patient longitudinal samples.  
Preliminary data demonstrated that HIV integration site characteristics and genes were compared to 
previously report patient data sets. We found that proviral HIV integration in different patient cohorts, 
including untreated patients, was frequently non-canonical and often occurred by integrase-
independent non-homologous end-joining. Multiple proviruses in both untreated and treated patients 
were found in specific cell proliferation genes that have previously been proposed to lead to clonal. 
Genomic coverage data after target enrichment sequencing using HIV-1 specific probes revealed the 
pharmacologic persistence kinetics of HIV-1 virus in vivo; the evolution of therapy resistance related 
mutation is still under investigation. 
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Functional characterization of HBV-specific T cell receptors for redirection of T cells 
against HBV infected hepatocytes 
K. Wisskirchen1, K. Metzger1, L. Weigand2, E. Kieback3, M. Sprinzl1, W. Uckert3, D. Busch4, A. 
Krackhardt2, U. Protzer1 

1Institute of Virology, Technische Universität München / Helmholtz Zentrum München, München, 
Germany, 2III. Medical Clinic, Klinikum rechts der Isar, Technische Universität München, München, 
Germany, 3Institute of Biology, Molecular Cell Biology and Gene Therapy, MDC for Molecular 
Medicine, Berlin, Germany, 4Institute for Medical Microbiology, Immunology and Hygiene, Technische 
Universität München, München, Germany 
 
Worldwide about 240 million people are chronically infected with the hepatitis B virus (HBV), which is 
the most common cause for hepatocellular carcinoma. Currently available treatments for chronic 
hepatitis B (CHB) suppress viral replication but rarely lead to eradication of the virus, because an 
episomal form of the virus, which is called covalently closed circular DNA (cccDNA), persists in the 
nucleus of infected cells. T cell therapy of CHB intends to restore the antiviral T cell immunity, which is 
necessary to clear the infection. In the present study, we aimed at identifying T cell receptors (TCR) 
with a high functional avidity that can be used for re-direction of T cells.  
We isolated 11 HLA-A2 restricted TCRs that are specific for the HBV S-protein derived peptides S20 
and S172, or for the C18 core-peptide. After retroviral transduction our HBV-specific TCRs were 
expressed in T cells and compared in comprehensive functional analyses.  
We found that CD8+ as well as CD4+ T cells genetically modified to express HBV-specific TCRs were 
rendered polyfunctional in terms of cytokine secretion and cytotoxicity when incubated with low 
concentrations of cognate peptide. CD8+ T cells transduced with the C18- or S-specific TCRs killed 
target cells loaded with 0.01 nM or 0.1nM of peptide, respectively. Expression of most of the TCRs in 
CD4+ T cells also led to specific cytotoxicity independent of CD8 co-receptor binding. Intracellular 
cytokine staining showed that the TCR-transduced T cells were polyfunctional with secretion of INF-γ, 
TNF-α and IL-2. Notably, our HBV-specific TCRs recognized peptide presented on various different 
HLA-A2 subtypes that are common in areas with high HBV prevalence. CD8+ T cells transduced with 
HBV-specific TCRs were also able to recognize endogenously processed peptides and specifically kill 
HBV-replicating hepatoma cells. Most importantly, when co-cultured with HBV-infected cells, TCR 
transduced T cells induced a strong reduction of viral markers including elimination of cccDNA.  
With our comprehensive analyses of a unique set of TCRs we identified receptors with a high 
functional avidity for HBV S- and core-derived peptides. Treatment of infected cells with TCR-
transduced T cells leads to a profound reduction of viral markers including cccDNA. We propose that 
these TCRs can be used for adoptive T cell therapy of chronic hepatitis B, mimicking the T cell 
response in acute HBV infection, which results in clearance of the virus. 
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A proof-of-concept Phase IIa clinical trial to treat chronic HBV/HDV with the entry 
inhibitor myrcludex B 
P. Bogomolov1, N. Voronkova1, K. Schöneweis2, 3, M. Schwab4, F.A. Lempp2, 3, M. Haag4, H. 
Wedemeyer5, A. Alexandrov6, W.E. Haefeli7, A. Blank7, S. Urban2, 3 

1Moscow Regional Clinical Institute, Moscow, Russian Federation, 2Department of Molecular Virology, 
University Hospital Heidelberg, Heidelberg, Germany, 3German Center for Infection Research, TTU 
Hepatitis, Heidelberg, Germany, 4Dr. Margarete Fischer-Bosch Institute of Clincal Pharmacology, 
Stuttgart, Germany, 5Hannover Medical School, Hannover, Hannover, Germany, 6Myr-GmbH, 
Burgwedel, Germany, 7Clincal Pharmacology, University Hospital Heidelberg, Heidelberg, Germany 
 
Introduction: Novel therapeutic options to cure chronic Hepatitis B and D (HBV/HDV) are needed to 
improve health outcome in these patients. Myrcludex B is a first-in-class entry inhibitor, which blocked 
the receptor function of the HBV/HDV receptor sodium taurocholate cotransporting polypeptide 
(NTCP) in vitro and in vivo. Interims results of a clinical trial of myrcludex B in chronic HBV/HDV co-
infected patients showed promising antiviral effects, we now present the final results.  
 
Aim: To evaluate safety, tolerability, and antiviral effects of myrcludex B as monotherapy and in 
combination with pegylated interferon.  
 
Methodology: 24 patients with chronic HBV/HDV co-infection were scheduled for 48 weeks of 
pegylated interferon alpha (PEG-IFNa) therapy. 8 patients received pre-treatment with 2mg myrcludex 
B alone for 24 weeks (A1); myrcludex B was administered concurrently with (PEG-IFNa) for the first 
24 weeks to another 8 patients (A2) while 8 patients were treated with PEG-IFNa only (A3).  
 
Results: Myrcludex B was well tolerated, with only 4 mild AEs (lab abnormalities) attributed to 
myrcludex B. 6/7 and 7/7 of patients with data available experienced >1log10 HDV RNA decline at 
week 24 during myrcludex B monotherapy (A1) or combination therapy (A2) while this occurred in 7/7 
of A3 patients. HDV RNA became negative in 2 (A1), 5 (A2) and 2 (A3) patients at week 24. A 
rebound of HDV RNA occurred in the majority of patients after the end of myrcludex therapy, despite 
the introduction/continuation of PEG-IFNα. In patients evaluable at the end of 24 weeks treatment free 
follow up, 1/6 (A1), 2/6 (A2), and 2/5 (A3) patients were HDV RNA negative. At week 24 a trend to 
ALT normalization was observed in A1 (6/8 patients), which was not maintained after introduction of 
interferon. There was a significant mean reduction of 1,28 log10 (p=0.04) at week 24 for HBV DNA in 
A2, followed by an incline after myrcludex B withdrawal. At the end of treatment, HBsAg levels 
declined >1log10 in 4/7 patients in A1, 1/7 in A2, and 2/6 in A3, whereas one patient from A2 and A3 
each experienced HBsAg loss. HBsAg levels inclined in patients without HBsAg loss at the end of 
follow up. Myrcludex B treatment induced preS-specific antibodies and clinically insignificant bile acid 
elevation.  
 
Conclusion: Myrcludex B was safe and well tolerated and antiviral efficacy of the drug was confirmed. 
The tendency to ALT increase after the introduction of interferon after myrcludex B lead-in was 
accompanied by HBV DNA and HBsAg decline, suggesting myrcludex lead-in regimens for HBV cure. 
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Identification of host cell requirements and antiviral target for hepatitis D virus 
infection 
B. Buchmann1, K. Döhner1, T. Schirdewahn1, B. Sodeik1, M.P. Manns1, S. Ciesek2, T. von Hahn1 

1Medizinische Hochschule Hannover, Hannover, Germany, 2Universitätsklinikum Essen, Universität 
Duisburg Essen, Essen, Germany 
 
Hepatitis delta virus (HDV) is a severe coinfection of hepatitis B virus (HBV) and globally over 15 mio 
people are chronically infected with HDV. It increases the chances to develop hepatocellular 
carcinoma and morbidity in co-infected patients. The only current treatment option of chronic Hepatitis 
delta is pegylated interferon alpha and cure rates are still below 25% (1). HDV is a highly host-
dependent virus since it encodes for only one protein, delta antigen (HDAg), but no enzyme and uses 
the HBV envelope proteins. It uses the human sodium taurocholate co-transporting polypeptide 
(hNTCP) as entry receptor (2). We developed a semi-automated screening assay for HDV infection 
and replication in the Huh7/hNTCP cell line. This assay uses the 96-well plate format for seeding and 
infecting the cells, immunofluorescence staining and automated microscopy to detect the cells and the 
cell profiler software (3) to quantify total cell number and number of HDV-infected cells. With this 
method we screened interferons alpha, beta, gamma, and lambda, ribozyme inhibitors to interfere with 
the ribozyme activity of HDV RNA and a library of 160 human kinase inhibitors. Interferons alpha and 
beta had an inhibitory effect on HDV infection, stronger than the effect of gamma and lambda. The 
ribozyme inhibitors showed no strong inhibition, they were rather extremely cell toxic. When members 
of kinase groups AGC, CMGC, TK, and TKL were inhibited, infection rates decreased. For eight 
kinase inhibitors (HA 1077 (Dihydrochloride Fasudil); Cdk/Crk inhibitor; Cdk2 inhibitor III; PD 174265; 
Syk inhibitor III; IRAK-1/4 inhibitor; GSK-3 βb inhibitor I; and Kenpaullone) selective indices were 
defined and the highest one was found for Kenpaullone with a SI of 3.44. Though this represents how 
low the SI values were, better options against HDV are not available without interfering with the cell 
life cycle in a disastrous manner. 
  
1 Heidrich et al. (2014) Curr Infect Dis Rep  
2 Yan et al. (2012) eLife  
3 Carpenter et al. (2006) Genome Biology 
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Concerted harmonization efforts of HBV cccDNA quantification 
L. Allweiss1, B. Testoni2, M. Lütgehetmann1, 3, J. Lucifora2, B. Qu4, C. Ko5, S. Urban4, 6, U. Protzer5, 6, 
D. Glebe6, 7, F. Zoulim2, M. Levrero2, 8, M. Dandri1, 6 

1I. Department of Internal Medicine, Universitätsklinikum Hamburg-Eppendorf, Hamburg, Germany, 
2Cancer Research Center of Lyon, INSERM U1052, Lyon, France, 3Department of Medical 
Microbiology, Virology and Hygiene, University Medical Center Hamburg-Eppendorf, Hamburg, 
Germany, 4Department of Infectious Diseases, Molecular Virology, University Hospital Heidelberg, 
Heidelberg, Germany, 5Institute of Virology, Technische Universtät München, München, Germany, 
6German Center for Infection Research (DZIF), Heidelberg, Munich, Hamburg-Lübeck-Borstel and 
Giessen-Marburg-Langen sites, Germany, 7Institute of Medical Virology, Justus-Liebig University 
Giessen, Giessen, Germany, 8Dept. of Internal Medicine (DMISM), Sapienza University, Rome, Italy 
 
Despite the crucial role of the cccDNA in chronic HBV infection and the importance to evaluate the 
impact of therapeutic strategies on cccDNA amounts and activity, a major limitation in cccDNA 
research and in its translation into the clinical setting is the lack of reliable and standardized methods 
of cccDNA quantification. Although qPCR methods with cccDNA selective primers have been 
developed, discrimination of cccDNA from the almost identical replicative intermediates (rcDNA & PF-
rcDNA) present in large excess in infected cells represents a major challenge both in patient samples 
and in the experimental systems available. Moreover, laboratories apply different DNA extraction and 
nuclease digestion methods as well as diverse PCR conditions, sets of primers and probes. Aim: To 
develop consensus protocols for cccDNA quantification by comparing head to head different 
methodologies and by exploring new strategies to improve specificity of cccDNA qPCRs. Distinct 
protocols adapted for cell culture systems, liver tissues or ChIP assays shall be established. Study 
design: (1) The generation of reference materials (cell culture extracts, HBV infected livers from 
humanized mice NAs-treated or untreated, as well as clinically relevant HBV genotypes) to cross-
validate the different procedures for cccDNA quantification; (2) the evaluation of protocols using 
different cccDNA isolation conditions; (3) the comparative test of different nucleases (plasmid-safe 
DNAse (PSD) vs. T5 exonuclease) and digestion conditions to increase the specificity of cccDNA 
detection; (4) cross testing of primer specificity using distinct PCR strategies; (5) comparison to 
Southern blotting. Results: Preliminary studies showed that sample preparation (i.e. tissue extraction 
& chromatin crosslinking), volume and incubation time strongly affect the efficacy of nuclease 
treatment on total cell/tissue lysates. T5 (10U/0.02ml) showed a more rapid kinetic of rcDNA digestion 
compared to PSD (10U/0.02ml). Under these conditions, only T5 appeared capable of removing the 
high amounts of PF-rcDNA generated in cell culture. However, PSD and T5 appeared similarly 
efficient (>50-fold rcDNA reduction) when infected tissues or artificial rcDNA/cccDNA mixtures and the 
following conditions were used: PSD=30U/0.2ml; 2h or T5=2U/0.02ml; 1h. Yet, under these 
conditions, T5 also reduced amounts of episomal HBV DNA plasmids used as a surrogate for cccDNA 
(median 0.5log reduction), in addition to exhibiting higher inter-assay variability than PSD. Different 
primer sets (Werle-Lapostolle, Gastroenterol. 2004; Malmström, PlosOne 2012, Lucifora, Science 
2014) and PCR conditions were evaluated in terms of specificity and sensitivity. Conclusions: 
Optimized rcDNA digestions and PCR conditions will cooperate to guarantee specificity for an exact 
quantification. 
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Profile of viral, biochemical and non-invasive fibrosis markers in a cohort of inactive 
European hepatitis B (HBV) carriers: 3 years follow-up of a prospective longitudinal 
study (ALBATROS Study) 
V. Knop1, J. Vermehren1, J. Petersen2, P. Buggisch2, H. Wedemeyer3, M. Cornberg3, S. Mauss4, M. 
Sprinzl5, T. Berg6, F. van Bömmel6, H. Klinker7, D. Hüppe8, J.-P. Bronowicki9, M. Rausch10, M. 
Bickel11, T. Welzel1, A. Vermehren1, S. Susser1, S. Zeuzem1, C. Sarrazin1, 12 

1Universitätsklinikum Frankfurt am Main, Frankfurt, Germany, 2Asklepiosklinik St.Georg, IFI Institut, 
Hamburg, Germany, 3Medizinische Hochschule Hannover, Hannover, Germany, 
4Gastroenterologische Schwerpunktpraxis, Düsseldorf, Germany, 5I. Medizinische Klinik und Poliklinik, 
Universitätsklinik Mainz, Mainz, Germany, 6Universitätsklinikum Leipzig, Leipzig, Germany, 
7Universitätsklinikum Würzburg, Würzburg, Germany, 8Hepatologische Schwerpunktpraxis, Herne, 
Germany, 9Centre Hospitalier, Universitaire de Nancy, Nancy, France, 10Aerztezentrum am 
Nollendorfplatz, Berlin, Germany, 11Infektiologikum, Frankfurt, Germany, 12St. Josefs-Hospital, 
Wiesbaden, Germany 
 
Background: Little is known about the impact of dynamic viral and biochemical parameters for the 
outcome of long-time follow-up.  
The aim of the present study was to analyse the significance of HBV DNA and transaminase levels at 
baseline (BL) as well as at 3 years follow-up (FU3) on fibrosis stage in a cohort of inactive HBsAg 
carriers from Europe. 
  
Methods: In the European prospective ALBATROS study so far 999 patients with HBeAg-negative 
low- replicative chronic HBV were enrolled for long-term follow-up over 10 years. Definition of low- 
replicative chronic hepatitis B without indication for antiviral therapy at study inclusion was based on 
international guidelines. Biochemical, virological and non-invasive fibrosis parameters including 
FibroScan and APRI score were performed at baseline as well as during annual follow-up.  
 
Results: (80 out of 999 patients (8%) were lost to follow-up. Data of FU3 were available in 240 
patients, mainly infected with HBV genotype A (14%) and D (39%). There was a predominance of 
caucasian ethnicity (52%). 10/240 achieved HBsAg seroconversion, whereas 14/240 had to start 
antiviral treatment as ALT and HBV DNA elevation considerably increased during 3 years FU. 15/240 
(7%) never had detectable HBV DNA. 150/240 (62.5%) constantly had low viral replication (< 2000 
IU/ml) and 11 out of 240 (5%) had at least once HBV-DNA > 20 000 IU/ml. Persistent normal ALT 
values were shown in 185/240 (80%). Stiffness measurements by FibroScan were obtained in198 
patients, and FU3 stiffness data were as follows: 175/198 (88.4%) were consistent with fibrosis stage 
0 or 1 (F0-F1), 6/198 (3%) with F2 und 17/198 (8.6%) with F3. Patients with constantly normal ALT 
had significantly lower APRI scores (p< 0.0001) compared to those who had at least once ALT 
elevation. In addition, patients with constantly normal ALT had lower fibrosis stage by FibroScan(p= 
0.001) in comparison to those with transient or persistent ALT increase. There was a significant 
positive correlation between APRI score and liver stiffness (r=0.297; p<0.0001). We could not show 
any significant association between viral dynamics and fibrosis stage by FibroScan. Higher body mass 
index turned out to be the only independent predictive parameter (p=0.007) to be correlated with 
advanced fibrosis stage.  
 
Conclusion: Risk of progression to advanced fibrosis stage within 3 years follow-up was low in patients 
with low-replicative chronic HBV infection and permanent normal liver enzymes. Higher fibrosis stage 
with concomitant increase of transaminases was rather due to metabolic factors, but not to viral 
parameters, in HBsAg carriers. 
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Human commensals producing a novel antibiotic impair pathogen colonization 
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The vast majority of systemic bacterial infections is caused by facultative, often antibiotic-resistant 
pathogens colonizing human body surfaces. Nasal carriage of Staphylococcus aureus predisposes to 
invasive infection, but the mechanisms permitting or interfering with pathogen colonization 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 show that nasal 
Staphylococcus lugdunensis strains produce lugdunin, a novel thiazolidine-containing macrocyclic 
peptide antibiotic prohibiting colonization by S. aureus, and a rare example of a non-ribosomally 
synthesized bioactive compound from human-associated bacteria. Lugdunin is bactericidal against 
major pathogens, effective in animal models, and not prone to resistance development. Importantly, 
human nasal colonization 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. Moreover, human microbiota should be considered as a source 
for new antibiotics. 
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Significant Decrease of Admission Prevalence of 3rd Generation Cephalosporin 
Resistant Enterobacteriaceae Colonisation in one University Hospital 
A. Rohde1, J. Zweigner2, M. Wiese-Posselt1, F. Schwab1, W. Kern3, H. Seifert4, S.G. ATHOS1, 3, 4, 5, 6, 7 
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Objectives: The aim of this study was to assess the rectal carriage of 3rd generation cephalosporin 
resistant Enterobacteriaceae (3GCREB) in patients on hospital admission to 6 university hospitals (in 
different areas of Germany) before and after intervention in the outpatient setting.  
  
Methods: We recruited patients on admission (<72h in hospital) in 2014 and 2015. Rectal swabs 
collected in non-intensive care units were screened for 3GCREB. In addition, each patient was asked 
to answer a short questionnaire with potential risk factors. Between the sample collections, we 
intervened among general practitioners in the surrounding of hospital A. As intervention, we invited the 
general practitioners of the area surrounding hospital A to several workshops in which we offered 
advanced training lectures on epidemiology of MDRO, antibiotic consumption, side effects, strategies 
to reduce prescriptions etc. In addition, we provided information material for the GP – patient 
interaction (e.g. infobrochure, -flyer) that were obtainable free of charge. Univariable and multivariable 
risk factor analyses were performed (with generalized estimating equation models which account for 
clustering effects).  
  
Results: We included 4376 patients in 2014: 416 patients were identified as 3GCREB carriers 
resulting in a prevalence of 9.5%. In 2015, we recruited 4042 patients and identified 390 positive for 
3GCREB, a prevalence of 9.6%. Interestingly, we observed differential development between the 
recruitment years. Accompanying the increase in four hospitals, the admission prevalence decreased 
in two hospitals, one of which was hospital A. The reduction in admission prevalence in the latter 
coincided with a decrease in self-reported antibiotic intake previous to admission.  
  
Multivariable analysis associated the following risk factors with 3GCREB colonisation: current and 
previous* antibiotic therapy (OR = 1.31, CI 95% 1.22-1.41, p<0.001 and OR = 1.78, CI 95% 1.54-2.05, 
p<0.001), previous colonisation with any MDRO (OR = 2.17, CI 95% 1.93-2.44, p<0.001), travel to 
non-European countries* (OR = 2.92, CI 95% 2.49-3.43, p<0.001) and clinical management of 
gastroesophageal reflux disease* (OR = 1.14, CI 95% 1.04-1.26, p = 0.004). Protective factors were 
being female (OR = 0.77 CI 95% 0.70-0.85, p<0.001) and admission to hospital A in 2015. (OR = 0.65, 
CI 95% 0.48-0.89, p=0.007). *in the preceding 6 months  
  
Conclusion: To our knowledge, few studies report a decrease of 3GCREB admission prevalence. In 
total, the admission prevalence did not change in 2015, but we observed a significant reduction in 
hospital A, coinciding with a reduction of self-reported antibiotic intake. Unfortunately at this point, we 
lack antibiotic prescription data to evaluate the intervention’s impact on antibiotic consumption in the 
respective area. Therefore, we do not have enough evidence to attribute the reduction in admission 
prevalence to the intervention. 
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Comparison between a core-genome MLST scheme and rep-PCR typing schemes to 
investigate the epidemiology of Klebsiella pneumoniae isolated as part of the 
CONTAIN study 
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Background: Transmission of extended-spectrum ß-lactamase producing Klebsiella pneumoniae 
(ESBL-KP) is a serious concern in hematological and oncological patients. Several typing methods are 
employed to investigate potential transmission and we sought to investigate the epidemiology of 
ESBL-KP isolated as part of the CONTAIN study using a core-genome MLST (cg-MLST) typing 
scheme and compare it to rep-PCR (DiversiLab).  
 
Methods: Thirty one unique isolates were chosen for WGS from a larger collection of strains isolated 
from rectal surveillance cultures from 31 patients in Cologne, Aachen, Tubingen and Hamburg. 
Isolates had previously been grouped according to their rep-PCR patterns where isolates with ≥ 98% 
similarity were considered identical, and with 95-97.9% similarity were considered related. Sequencing 
libraries were prepared using the Nextera XT library prep kit for a 250bp paired-end sequencing run 
on an Illumina MiSeq sequencer. Genomes were assembled using Velvet. An ad-hoc cg-MLST 
scheme was established using the cgMLST target definer function of the SeqSphere+ v.3.0 software. 
The acquired resistomes and 7-loci MLST types were derived from assembled genomes using the 
online tools. Clustering by cgMLST was compared to the previously determined rep-PCR clustering.  
 
Results: There was good correlation between cgMLST, MLST and rep-PCR with most strains (Table 
1). Out of a total of 3079 alleles that were considered as core genome, eight rep-PCR types exhibited 
0-7 allelic differences, demonstrating potential strain transmission. Isolates representing rep-PCR type 
A9 from Aachen had between 2 and 28 differences, and rep-PCR type T5 isolates from Tübingen 131 
differences. Isolates representing rep-PCR subtypes A1a/b had >100 differences, while H5b/c and 
K9a/b exhibited >2000 differences, refuting the hypotheses of potential transmission suggested by 
rep-PCR. Typically with a high number of allelic differences (>7) the isolates differed in the 
composition of their resistome. Isolates 10 and 11 (Aachen) and 17 (Hamburg) showed 31 allelic 
differences and also had identical resistomes, suggesting a potential common ancestor.  
Resistome analysis showed that ≥ 28 isolates carried genes associated with aminoglycoside, 
quinolone, fosfomycin, and sulphonamide/trimethoprim resistance. Tetracycline, phenicol, and 
fluoroquinolone/aminoglycoside resistance genes were present in at least 25 isolates. Rifampicin and 
macrolide resistance genes were found in three and one strain, respectively. All strains carried an 
SHV-variant and 25 a TEM variant. CTX-M-15 was the predominant ESBL (N=21) followed by CTX-M-
14 (N=3) and CTX-M-3 (N=2).  
 
Conclusions: These data demonstrate the ability of cgMLST to delineate within rep-PCR clusters as 
well as allow their simultaneous resistome analysis. Furthermore, we found evidence of rare cases of 
potential transmission within a unit and of clonal spread between cities that was not detected by rep-
PCR analysis.  
 
(see next page) 
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Comparison between rep-PCR and cgMLST showing rep-PCR type, and the number of alleles that are 
different within the rep-PCR type 
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Genomic landscape of the new colistin resistance gene mcr-1 in Germany 
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Colistin is a last resort antibiotic in human medicine and currently used as a treatment option 
particularly for infections involving carbapenem-resistant Enterobacteriaceae (CRE). Significant 
quantities of colistin are used in livestock worldwide for therapeutic, metaphylactic and prophylactic 
purposes, whereas use of colistin in humans remains relatively rare. Resistance to colistin was known 
to be mediated by chromosomal genes resulting in intrinsic or adaptive resistance, but recently a 
plasmid-encoded transferable resistance gene mcr-1 (mobile colistin resistance) was first detected in 
Enterobacteriaceae from China and subsequently found on almost all continents. Studies up to now 
have reported its predominant presence in bacterial isolates recovered from livestock and retail meat 
of poultry, swine and bovine origin, but with very low incidence from humans and companion animals. 
In essence, these findings strongly point to a zoonotic spread of mcr-1-mediated colistin resistance 
from livestock to humans through the food chain or the environment.  
  

We sequenced the genomes of 190 mcr-1-encoding E. coli isolates from different sources (human, 
livestock, environment, food) isolated between 2010 and 2016, displaying either no resistance or 
resistance to third-generation cephalosporins, carbapenems and/or other antibiotics, to determine the 
population structure of mcr-1-encoding E. coli in Germany.  
 

We have four main findings: Firstly, the mcr-1 gene is already present in Germany since 2010, prior to 
the original report from China. Secondly, mcr-1 is found in many different multi-locus sequence types 
of E. coli, indicating a large reservoir. Thirdly, the dissemination of mcr-1 is plasmid-driven and 
involves a small number of promiscuous plasmid types. Fourthly, the mobile element carrying mcr-1 is 
highly active and can also transfer and integrate mcr-1 into the bacterial chromosome.  
 

These epidemiological and molecular data highlight the extent of the emerging problem of mcr-1 in 
human and animal populations in Germany. As there is no reliable commercial medium available for 
the detection of colistin-resistant bacteria, the true incidence of mcr-1 is probably underestimated. No 
systematic screening for colistin-resistant bacteria is implemented in human medicine so far.  
 

Thus, outbreaks with pan-resistant nosocomial CRE isolates harbouring mcr-1 are likely an 
epidemiological certainty in waiting. Therefore, both systematic screening for colistin resistant bacteria 
and rapid point-of-impact based tests for the detection of mcr-1 are now needed to assess the 
prevalence of mcr-1 in the human population to facilitate risk assessment and to prevent the 
emergence of extreme- or pan-drug-resistant bacterial pathogens in humans.  
  

References:  
Liu et al. 2016. Emergence of plasmid-mediated colistin resistance mechanism MCR-1 in animals and 
human beings in China: a microbiological and molecular biological study. Lancet Infect. Dis. 
doi:10.1016/S1473-3099(15)00424-7
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Impact of contact isolation on nosocomial colonization and infection with ESBL-
producing Escherichia coli in a high-risk setting – preliminary results from the 
CONTAIN study 
L.M. Biehl1, 2, A. Hamprecht2, 3, K. Peter1, T. Wille3, S. Peter4, 5, D. Dörfel6, W. Vogel6, H. Häfner7, S. 
Lemmen7, J. Panse8, H. Rohde9, 10, P. Schafhausen11, J. Salmanton García1, H. Seifert2, 3, M.J. 
Vehreschild1, 2 

1Department I of Internal Medicine, University Hospital of Cologne, Cologne, Germany, 2German 
Centre for Infection Research, Partner-site Bonn-Cologne, Cologne, Germany, 3Institute for Medical 
Microbiology, Immunology and Hygiene, University of Cologne, Cologne, Germany, 4Institute of 
Medical Microbiology and Hygiene, University of Tübingen, Tübingen, Germany, 5German Centre for 
Infection Research, Partner-site Tübingen, Tübingen, Germany, 6Department of Oncology, 
Haematology, Immunology, Rheumatology and Pulmonology, Internal Medicine II, University Hospital 
Tübingen, Tübingen, Germany, 7Division of Infection Control and Infectious Diseases, Medical Faculty, 
RWTH Aachen University Hospital, Aachen, Germany, 8Department of Hematology, Oncology, 
Hemostaseology, and Stem Cell Transplantation, Medical Faculty, RWTH Aachen University Hospital, 
Aachen, Germany, 9Institute for Medical Microbiology, Virology and Hygiene, University Medical 
Center Hamburg-Eppendorf, Hamburg, Germany, 10German Centre for Infection Research, Partner-
site Hamburg-Lübeck-Borstel, Hamburg, Germany, 11Department of Oncology and Hematology, 
Hubertus Wald Tumorzentrum/University Cancer Center Hamburg, University Medical Center 
Hamburg-Eppendorf, Hamburg, Germany 
 
Background: Colonization and infection with extended-spectrum ß-lactamase Escherichia coli (ESBL-
EC) are a frequent complication in hematological and oncological patients. Recent recommendations 
by the German Commission for Hospital Hygiene and Infection Prevention (KRINKO) suggest contact 
isolation of patients colonized with ESBL-EC with co-resistance to fluorquinolones in this setting. 
However, the underlying evidence on the clinical effectiveness of contact precautions is scarce.  
  
Methods: We performed a prospective, observational study at four German university-based 
hematology/oncology departments. Participating sites screened for intestinal ESBL-producing 
Enterobacteriaceae colonization within 72 h of admission, weekly thereafter and before discharge. 
Two sites did not apply contact precautions for patients colonized or infected with ESBL-EC (NoCP-
sites) and two performed contact isolation including accommodation in single rooms and wearing of 
gloves and gowns (CP-sites). Molecular characterization of resistance mechanisms and 
epidemiological typing of isolates by repetitive extragenic palindromic PCR (rep-PCR) using the 
DiversiLab platform (bioMérieux) was performed to assess strain transmission between patients. In a 
second step, possibly related isolates (>95% similarity index by rep-PCR) will be subject to whole 
genome sequencing. The primary end point was nosocomial ESBL-EC acquisition defined as isolation 
of ESBL-EC from a follow-up sample of a patient that had not been found colonized on admission.  
  
Results: Throughout 2015, NoCP-sites documented 2,842 hospitalizations of 1,386 patients 
comprising 31,643 patient-days. CP-sites recorded 3,055 hospitalizations from 1,586 patients resulting 
in 34,180 patient-days, respectively. Nosocomial ESBL-EC acquisition – being the primary end point – 
was observed in 3.8% (95%-confidence interval: 2.8-4.8%) of patients in NoCP-sites versus 1.8% 
(1.2-2.5%) of patients in CP-sites. This difference is within the non-inferiority margin of 5% as 
determined in the study protocol. The rates of intestinal ESBL-EC colonization were 14.2% (12.4-
16.1%) for NoCP-sites and 11.4% (9.8-13.0%) for CP-sites, respectively. Only few bloodstream 
infections due to ESBL-EC were observed (5 episodes in NoCP-sites and 4 episodes in CP-sites). 
Results of molecular characterization of ESBL-EC isolates and subsequent rates of potential patient-
to-patient transmission are still pending.  
  
Conclusions: Not performing contact precautions for patients colonized or infected by ESBL-EC did 
not increase nosocomial acquisition of ESBL-EC compared to performing contact precautions in this 
large observational study in high-risk patients. 



   TTU Gastrointestinal Infections 

 31 

TTU Gastrointestinal Infections  
 
TTU Lecture 4 
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Helicobacter pylori (H. pylori) causes chronic active gastritis and is a major risk factor for the 
development of duodenal and gastric ulcers as well as gastric adenocarcinoma and lymphoma. 
Adhesion of the bacterium to the gastric epithelium is essential for the establishment of the infection. 
Specific adhesin-receptor interactions allow the pathogen to tightly bind to its target cells, thereby 
facilitating the colonization of the host tissue as well as the delivery of virulence factors. Here, the 
Type IV secretion system (T4SS) plays an essential role in gastric carcinogenesis by delivering the 
oncogenic protein CagA into gastric epithelial cells and thus activating inflammatory signaling 
pathways involved in the development of cancer. Interestingly, H. pylori T4SS can directly activate 
signaling cascades, such as canonical NF-κB, independently of CagA, suggesting other components 
of the T4SS to be important in the de-regulation of host signaling. We found that H. pylori has the 
capacity to bind to the CEACAM family of receptors, and identified HopQ as the adhesin of H. pylori 
which mediates CEACAM ligation. We further resolved the crystal structure of HopQ and the 
CEACAM binding domain. HopQ-mediated binding is necessary for CagA translocation, as CagA 
translocation can be abolished be interfering with the HopQ-CEACAM interaction through competition 
using HopQ derived peptides or CEACAM blocking antibodies. Further, we observed activation of 
alternative NF-κB in gastric epithelial cells in vitro and in vivo upon H. pylori infection, which was 
dependent on a functional T4SS, but independent on the presence of CagA. Notably, activation of 
alternative NF-κB highly influenced the inflammatory response to H. pylori, contributing to gastric 
pathology induced by the bacterium. Together, our results suggest that HopQ-mediated adherence as 
well as T4SS-dependent activation of alternative NF-κB play a major role in the pathogenesis of H. 
pylori infection. This novel interaction mode may also enable the development of future intervention 
strategies. 
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The chronic gastric pathogen Helicobacter pylori infects approximately half of the world population and 
is estimated to cause at least 500,000 new cases of gastric cancer per year. H. pylori uses a type IV 
secretion system (the Cag-T4SS) to inject the oncoprotein CagA into host cells, which constitutes one 
key event in the induction of cancer by H. pylori. As H. pylori becomes increasingly resistant to the 
current therapeutic antibiotics, alternative strategies such as targeting virulence factors without directly 
killing bacterial cells is a promising issue. We aimed to identify small-molecule inhibitors against the 
Cag-T4SS of H. pylori to prevent CagA-induced carcinogenesis. We have engineered and optimized a 
suitable in vitro screening system for CagA translocation into gastric cells under high-throughput 
conditions. This novel reporter system is based on fusion of a TEM-1 β-lactamase to full-length CagA 
(TEM-CagA). TEM-CagA translocation into target cells is monitored by TEM-1-mediated cleavage of 
the fluorescent β-lactam derivative CCF4. Using a 384-well fluorescence plate reader format, we have 
performed medium-throughput screenings of different small-molecule libraries including natural 
products, synthetic compounds as well as already described pharmaceuticals. This screening 
procedure resulted in preliminary identification of two related compounds that specifically inhibit CagA 
translocation without influencing H. pylori viability. In addition, the screening studies yielded other 
potent substances that were shown to inhibit H. pylori growth by presumably targeting its respiratory 
chain. Due to the high specificity of these respiration inhibitors against H. pylori growth as well as MIC 
values in the nanomolar range, we also investigate these compounds as novel species-specific 
antibacterials apart from our search for Cag-T4SS inhibitors. Various follow-up studies are in progress 
to validate these two promising strategies as new treatment strategies for infection with H. pylori. 
Importantly, both of the approaches overcome the disadvantages of the current antibiotic treatment 
because they exhibit a low risk for resistance development and might preserve the gut microbiota. 
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The fut2 gene encodes a α-1,2-fucosyltransferase responsible for the expression of ABO histo-blood 
group antigens on the gastrointestinal mucosa and bodily secretions. In humans, loss-of-function 
mutations of fut2 are known as ‘nonsecretors’. In the intestine, these individuals have a loss of glycan 
structures in mucus an on epithelial cells. Nonsecretor status was identified as a genetic risk factor for 
developing Crohn’s Disease and primary sclerosing cholangitis. In addition, intestinal fucosylation 
plays a key role for the susceptibility to infection with various bacteria and viruses. Individuals with 
nonsecretor status, as well as Fut2-deficient mice, have an altered composition of the intestinal 
microbiota. However, it remains unclear which aspects of these differences in susceptibility are due to 
changes in microbial communities, host glycosylation or both. Using Salmonella enterica serovar 
Typhimurium infections in mice, we observed significantly lower Salmonella colonization in the colon 
and cecum of Fut2-deficient mice compared to wildtype controls. Furthermore, decreased 
histopathological changes were observed in the colon tissue of Fut2 deficient mice. Stronger 
infiltration of immune cells in Fut2 wildtype mice compared to Fut2 deficient mice was detected by 
immunofluorescence staining. In addition, measuring the uptake of fucose by members of the 
microbiota ex vivo revealed that fewer bacteria of the normal flora isolated from Fut2 deficient mice 
were able to take up and utilise fucose compared to bacteria from wildtype mice. In summary, our data 
demonstrate that intestinal Fut2 expression influences susceptibility to Salmonella colonization of the 
intestine and the susceptibility to Salmonella induced inflammation which is most likely due to 
differences in microbiota composition. 
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Novel natural compound inhibitors for the New Delhi Metallo-beta-Lactamase 1 
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The New Delhi Metallo-beta-Lactamase 1 (NDM-1) confers antibiotic resistance to all beta-lactam 
antibiotics and was initially described in 2009. It has reached immediate attention due to its 
exceptionally broad substrate promiscuity on the one hand and its rapid dissemination both across the 
globe as well as between bacterial species on the other hand. Moreover, being frequently plasmid 
encoded in combination with various resistances against most other classes of antibiotics, NDM-1 
positive infections are extremely difficult to treat and pose an enormous threat to human health. 
Inhibition of the NDM-1 activity is expected to broaden the treatment options against NDM-1 positive 
pathogens and thereby meet this growing medical need.  
  
In our previous work, we have characterized the NDM-1 and found that both Zn2+ concentration and 
substrate type massively influence the efficacy of a reference inhibitor of the NDM-1. On this basis, we 
have set up a biochemical screening assay platform for NDM-1 inhibitors, which reflects the 
pathophysiology of infection and therapy. The included assays are validated against the parameters 
specified by the European Lead Factory and meet all criteria.  
Using this assay platform, we screened the library of natural compounds purified form Myxobacteria 
and identified two natural compound classes, which inhibit the NDM-1 activity with IC50 values in the 
single digit µM range. Here we describe the characterization of these inhibitors in terms of activity with 
various beta-lactam NDM-1 substrates, mode of action and biological activity. 
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Gastrointestinal infections pose a dramatic economic burden to our society. They cause ~ 3 million 
deaths per year, ~ 2.5 million deaths thereof are caused by diarrheal infections. The most common 
causative agents of acute diarrheal infections, amongst others, are Campylobacter jejuni, Salmonella, 
Shigella, Escherichia coli, Yersinia enterocolitica, Vibrio cholerae, and Clostridium difficile. Antibiotic 
treatment of diarrheal infection, i.e. treatment with drugs acting through a bactericidal or bacteriostatic 
mechanism-of-action, is ineffective or may even have adverse side effects (e.g., toxin release) and 
result in prolonged bacterial shedding and therefore transmission. Therefore, the development of 
future drugs should be focused on highly specific antiinfectives, which enable a direct pathogen-
specific treatment. One very promising strategy is the inhibition of the biogenesis of outer membrane 
virulence factors. Due to the fact that a number of decisive virulence-associated outer membrane 
proteins (OMPs) of gram-negative enteropathogens are handled by the periplasmic chaperone SurA 
exclusively, we developed an assay format to determine SurA in vitro chaperone activity. Previous 
publications by Behrens et al., 2001 and Buchner et al., 1998 documented an assay to determine 
SurA in vitro chaperone activity with extremely limited sensitivity which was not suitable for high 
throughput screening (HTS). We now developed a luciferase-based screening assay. This highly 
sensitive and robust test system has been validated extensively and now gives reliable output with an 
appreciable z-factor of > 0,6. In cooperation with the HZI Braunschweig (Germany) and the HZI 
Saarbrücken (Germany), we were able to screen over 20.000 purified compounds and over 1000 
extracts of myxobacteria. During the screening period, the assay generated four validated primary 
actives, which corresponds to a positive hit rate of 0,0002%. With the data obtained during our 
academia-based screening campaign, we succeeded with our application at the European Lead 
Factory (ELF; www.europeanleadfactory.eu) program. With the excellent technical opportunities and 
expertise of the ELF we are looking forward to bring the search for a new SMI against SurA to a new 
level. 
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Epstein-Barr Viral miRNAs inhibit antiviral T cell responses early in infection 
W. Hammerschmidt, T. Tagawa, M. Albanese, M. Bouvet, A. Moosmann, J. Mautner 
Helmholtz Zentrum Muenchen, Munich, Germany 
 
Introduction: EBV has evolved multiple genes to fend off immune responses when its infection is 
established. Still, EBV-specific T cells constitute a considerable fraction of the memory T cell 
repertoire in healthy individuals. Prior to establishing a latent infection in B cells, many lytic genes are 
initially but transiently expressed in the pre-latent phase of B cell infection. Among these genes, two 
viral immunoevasins, BNLF2a and viral IL-10, inhibit the recognition of infected cells by EBV-specific 
effector T cells and natural killer cells, respectively, but these two viral proteins are insufficient to 
prevent T cell recognition. EBV miRNAs are reported to down-regulate MICB, CXCL11, and NLRP3 
and thus interfere with innate immune responses and inflammation, but their possible role in adaptive 
immune responses have not been explored.  
  
Methods: We analyzed the functions of viral miRNAs with respect to viral immune evasion early during 
infection. We focused on EBV-specific T cells, which are known to recognize EBV’s structural proteins 
presented on newly infected B cells. With primary human B lymphocytes infected with two EBV strains 
with and without miRNA genes, we systematically analyzed the infected cells with several techniques 
including RNA-Seq, RISC-Seq, ELISA, Flow Cytometry, and co-culture experiments with antiviral T 
cells.  
  
Results: We found that viral miRNAs down-regulated important immune receptors and cytokines in 
infected B cells. EBV miRNAs control all three signals required for antigen-specific T cell activation by 
inhibititing (i) antigen processing and presentation via HLA class II molecules; (ii) important co-
receptors on infected B cells that modulate T cell activation; and (iii) secretion of pro-inflammatory 
cytokines that modulate antiviral T cells differentiation. As Such, viral miRNAs prevent activation, 
killing, and expansion of EBV-specific T cells.  
  
Conclusion: We identified EBV-encoded miRNAs to act as important immunoevasins, which is a novel 
finding. The global suppression of T cell responses by viral miRNAs allows EBV to express antigenic 
functions in cells needed initially to establish its life-long infection and to escape destruction by T cells. 
Our findings also have at least two practical consequences: (i) An EBV vaccine based on virus-like 
particles (VLP) will likely benefit from the absence of viral miRNAs making it more immunogenic. (ii) 
anti-miRNA strategies will counteract immune evasion by miRNA in EBV-associated tumors, opening 
a new facet in immune therapy of Nasopharyngeal Carcinoma, for example. 
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Determining the structure of herpesviral capsid proteins as a basis for rational 
inhibitor design 
P. Naniima1, 2, E.M. Borst1, 2, B. Sodeik1, 2, M. Messerle1, 2, T.F. Schulz1, 2, T. Krey1, 2 

1Institute of Virology, Hannover Medical School, Hannover, Germany, 2German Center for Infection 
Research (DZIF), Hannover-Braunschweig, Germany 
 
The eight human herpesviruses give rise to severe diseases, especially in children, 
immunocompromised and elderly individuals. Few safe vaccines are available against herpesvirus 
infections, which together with the unsatisfactory current treatment options generates an unmet 
demand for improved treatment strategies against herpesvirus infections. One way to develop novel 
antiviral drugs are approaches based on the known 3D structures of viral proteins, such as molecular 
docking or in silico screening.  
Herpesvirus capsids are stabilized during virus maturation by an essential protein complex at the 
capsid vertices known as the capsid vertex-specific component (CVSC), formed by pUL25 and pUL17 
in herpes simplex virus 1 (HSV-1) and their homologs in other herpesvirus subfamilies. We expressed 
and biochemically characterized a soluble N-terminally truncated fragment of pUL77, the pUL25 
homolog of the human cytomegalovirus (HCMV), revealing a monodisperse monomeric protein. In 
parallel, we have also expressed and characterized ORF19, the pUL25 homolog of the Kaposi's 
sarcoma-associated herpesvirus (KSHV). We succeeded to grow diffraction quality crystals of both 
proteins, determined the crystal structure of pUL77 at 1.9Å resolution and are currently in the process 
of structure determination for ORF19.  
We compared our pUL77 structure with the reported structure of pUL25 (Bowman et al., 2006). This 
comparison revealed a striking structural conservation despite low sequence similarity (~25% amino 
acid identity). Our results suggest strong evolutionary constraints on the overall fold of this herpesviral 
capsid protein and highlight structurally conserved (and therefore likely functionally important) regions 
that could serve as targets for novel anti-herpesvirus drugs. In addition, the obtained crystal structure 
together with recently reported cryo-EM reconstructions of herpesviral capsids will enable us to 
identify potential protein-protein interfaces that could serve for the design of novel antiviral drugs using 
structure-based drug design.  
  
Bowman BR, Welschhans RL, Jayaram H, Stow ND, Preston VG, Quiocho FA. 2006. Structural 
characterization of the UL25 DNA-packaging protein from herpes simplex virus type 1. Journal of 
Virology 80:2309-2317. 
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High-resolution analysis of the CMV-specific T cell receptor repertoire 
A. Huth1, X. Liang1, S. Krebs2, H. Blum2, A. Moosmann1, 3 

1Helmholtz Zentrum München, Munich, Germany, 2LAFUGA, Gene Center, University of Munich, 
Munich, Germany, 3DZIF - German Center for Infection Research, Munich, Germany 
 
Human cytomegalovirus (CMV) and other persistent viruses are major pathogens in 
immuncompromised patients. Viral reactivation and disease is controlled by virus-specific T cells. 
Therefore, there is a need for comprehensive monitoring of virus-specific T cells, and for identification 
of their most effective subsets and specificities in order to include these in vaccination and adoptive 
immunotherapy. However, T cell responses to CMV are of complex composition, and in many cases it 
is unclear which T cells will be protective. We have developed a T cell receptor tracking assay that can 
economically analyze the clonal composition of millions of T cells in a single test, and identify virus-
specific T cells within the sample. The assay is based on multiplex PCR amplification of TCR mRNA 
followed by deep sequencing. Specific T cells are identified by comparing frequency distributions of 
sequences in antigen-stimulated and control samples. Experiments with eight different CMV epitopes 
show that this assay reliably detects specific T cell enrichment upon challenge with antigen. Virus-
specific TCRs can be identified at high resolution, including rare virus-specific T cell clones at 
frequencies of 10(-5) or lower. We find that many TCRs are identically shared between different 
human carriers. We are now using this information to build a reference dataset of specific TCR 
sequences for characterization and monitoring of donors, therapeutic T cell products and patients. 
This assay allows detailed immunomonitoring at clonal resolution with small amounts of material. It will 
help identify and track those T cells that are have the strongest protective and therapeutic effects. 
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Tyrosine kinase activity of KSHV thymidine kinase can be targeted by FDA-approved 
kinase inhibitors to reduce lytic reactivation 
G. Beauclair1, 2, J. Rückert1, 2, S. Koch1, 2, A. Dhingra1, 2, T.F. Schulz1, 2 

1Institute of Virology, Medizinische Hochschule Hannover (MHH), Hannover, Germany, 2German 
Centre for Infection Research (DZIF), Hannover-Braunschweig site, Germany 
 
Kaposi’s Sarcoma-associated herpesvirus (KSHV) is the cause of several human malignancies, such 
as Kaposi’s sarcoma (KS), primary effusion lymphoma (PEL), and multicentric Castleman disease 
(MCD).  
In the majority of infected cells, KSHV remains latent. However, some cells can spontaneously 
undergo lytic replication, and this low level of viral reactivation is believed to be important for 
persistence, dissemination and tumorigenesis. 
During the lytic phase of the infection, several viral proteins are expressed, including the viral 
thymidine (ORF21/TK) and Ser/Thr kinases (ORF36/vPK). Recently, TK has been found to also carry 
a tyrosine kinase function (Gill et al., EMBO J, 2015). Moreover, like others viruses, KSHV hijacks 
cellular kinases to regulate its replication cycle. Therefore we investigated the role of TK in the lytic 
replication of KSHV.  
By silencing ORF21 with siRNA, we observe a significant decrease of both lytic protein expression 
and infectious virus production. Insertion of stop codons or point mutations affecting the kinase 
function of ORF21 in the KSHV BAC16 genome also leads to a decrease in lytic protein expression.  
Moreover, using 27 FDA-approved small molecule compounds known to inhibit cellular kinases we 
identified three compounds that were able to inhibit TK autophosphorylation function in an in vitro 
phosphorylation assay, as well as in a cellular context. Interestingly, these compounds were also able 
to inhibit the viral lytic reactivation in a phenotypic assay. Being FDA approved, these could be tested 
in clinical trials and could also serve as a basis for the development of inhibitors specific for the KSHV 
ORF21 TK. 
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In vitro evaluation of CAR T cells targeted with a high affinity scFv against the HCMV 
glycoprotein gB 
H. Olbrich, L. Gerasch, S. Theobald, R. Stripecke 
Department of Hematology, Hemostasis, Oncology and Stem Cell Transplantation, Excellence Cluster 
Rebirth, Hannover Medical School, Hannover, Germany 
 
Introduction: Reactivation of human cytomegalovirus (HCMV) in immune compromised patients after 
hematopoietic stem cell transplantation (HSCT) is associated with high morbidity and mortality. 
Adoptive transfer of T cells expanded in vitro is currently used as therapy for drug-refractory HCMV 
disease, but is limited by the requirement of HLA-restricted HCMV-specific memory T cells. An 
alternative approach exploring HLA-independent T cell recognition was sought. Because the HCMV 
envelope glycoprotein B (gB) is highly expressed during lytic infection and in latently infected cells, we 
hypothesized that T cells can be redirected to recognize and kill HCMV-specific cells by means of a 
gB-specific chimeric antigen receptor (CAR). We have synthesized and tested a gB-specific CAR 
derived from the SM5-1 monoclonal antibody which binds with high affinity (KD 5.7x1011) to a 
conserved antigenic and non-glycosylated domain of gB.  
  
Methods: In collaboration with Dr. Rooney's laboratory (Baylor College of Medicine, Houston), we 
generated two codon-optimized SM5-derived scFvs (VH→VL and VL→VH) and fused with an existing 
CAR backbone containing an IgG Fc spacer and intracellular signaling domains. CARs containing 
either CD28.zeta or 4-1BB.zeta were synthesized and expressed in T cells by retroviral transduction 
yielding 80-90% transduction rate. Expression of the CARs on T cells was confirmed by flow cytometry 
using goat anti-human immunoglobulin reactive against the IgG Fc region. Here, several types of 
target cells (293T, HepG2 and monocytes) transduced for gB expression or infected with laboratory 
strains of HCMV (expressing GFP or Gaussia luciferease) are being tested.  
  
Results: T cells expressing gB-CAR/CD28.zeta were cytotoxic against gB+ target cells producing 90% 
killing of 293T/gB-dTom cells compared with control CD19 CAR/CD28.zeta cells at an effector-to-
target ratio 3:1 for 48 h (parental 293T cells were not killed). The cytolytic activity correlated with 
expansion of CAR T cells and concomitant loss of gB expression in the remaining viable 293T cells. 
Sequential co-culture of these gB-CAR T cells with freshly seeded 293T/gB-dTom resulted into further 
elimination of target cells. Pilot experiments indicated that gB-CAR/CD28.zeta cells with the scFv in 
the VL→VH orientation resulted into more clustering and killing of HepG2 cells infected with HCMV-
GFP after 24h of co-culture than a control CD19 CAR/CD28.zeta. However, these studies with cell 
lines were complicated due to allogeneic immune responses. Therefore, studies of CAR-T cell with 
autologous HCMV-infected monocytes are ongoing. In addition, CAR-T cells with CD28.zeta or 4-
1BB.zeta will be compared in this in vitro lytic and latent monocyte-based infection models.  
  
Conclusion: These studies explore a novel approach in preventing HCMV reactivation in 
immunosuppressed patients by redirecting T cells expressing a high-affinity gB-CAR to eliminate 
HCMV-infected cells in a TCR/MHC-independent manner. 
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Phenotypic profiling of MTB-specific CD4 T cells allows accurate differentiation 
between active, treated Tuberculosis (TB) disease and latent infection. 
M.I.M. Ahmed1, 2, N. Ntinginya3, G. Kibiki4, H. Semvia4, S. Magama4, C. Mthabo4, K. Held1, 2,  
L. Maboko3, A. Haule3, A. Mekota1, 2, M. Hoelscher1, 2, N. Heinrich1, 2, C. Geldmacher1, 2 

1Department of Infectious Diseases and Tropical Medicine, Klinikum of the University of Munich 
(LMU), Munich, Germany, 2German Center for Infection Research (DZIF), partner site Munich, 
Munich, Germany, 3National Institute for Medical Research - Mbeya Medical Research Center, Mbeya, 
Tanzania, United Republic of, 4Kilimanjaro Clinical Research Institute, Moshi, Tanzania, United 
Republic of 
 
Background: The T cell activation marker (TAM)-TB assay is a novel, sputum-independent 
immunodiagnostic approach that accurately detects active TB in adults and children. This approach 
relies on the detection and characterization of the phenotypic profile of Mycobacterium tuberculosis 
(MTB)-specific T cells.  
 
Methods: Here, we determined the expression profile of the maturation marker CD27 and the 
activation markers CD38, HLA-DR and Ki67 on MTB-specific CD4 T cells in peripheral blood 
mononuclear cell samples from the TB treatment trial PanACEA MAMS TB 01 from subjects with 
active disease at baseline (n=33), 12 (n=35) and 26 weeks (n=9) into treatment. Additional subjects 
with latent MTB infection (n=16) were included in this analysis.  
 
Results: The three different disease states had distinct phenotypic profiles. During active disease, a 
high proportion of MTB-specific CD4 T cells expressed CD38 (median: 66.3%, IQR: 56.5 - 81.5), HLA-
DR (median proportion, 41.7%, IQR: 35.8 - 57.3%), Ki67 (median: 12.7%, IQR: 6.7 - 22.1) and a 
CD27low (median: 93.5, IQR: 85.8 - 96.8) profile. 12 weeks into anti-TB therapy, the expression of the 
activation markers declined significantly; CD38 (median: 31.9%, IQR: 22.1-52.7, p<0.0001), HLA-DR 
(median proportion, 21.3%, IQR: 14.5 - 32.0%, p<0.0001 ) and Ki67 (median: 2.8%, IQR: 1.6 - 7.3, 
p<0.0001), while the proportion of CD27low T cells remained unchanged (median 93.7%, IQR 89.7 - 
97.0, p=0.7). From week 12 to week 26, the proportions of CD38, HLA-DR and CD27 expressing 
MTB-specific CD4 T cells remained similar, while the median proportion of Ki67 expressing cells 
further decreased to 1.1% (IQR: 0.6 - 1.4, p=0.0038). Importantly, the rate of decline from baseline to 
week 12 of the proportion of MTB-specific CD4 T cells expressing CD38 inversely correlated with the 
time to culture negativity as a marker for treatment success, for subjects who converted within 100 
days (n=21, p=0.003, r=0.62 (Spearman rank-test)) and the phenotypic profiles of subjects with LTBI 
differed profoundly from successfully treated subjects at week 26 - with much lower proportions of 
CD27low cells (median: 64%, IQR: 47.9 - 76.2, p<0.0001), and cells expressing activation markers 
CD38 (median: 15.4%, IQR: 11.6 - 24.0, p=0.023), HLA-DR (median: 13.2% IQR: 10.4 - 16.1, 
p=0.0056 ), and Ki67 (median: 0.3%, IQR: 0.0 - 1.0, p=0.031).  
 
Conclusions: The expression patterns of activation markers (e.g. CD38) and the maturation marker 
CD27 on MTB-specific CD4 T cells clearly differentiate between subjects with active TB (profile: 
CD38+, CD27low), "cured" TB (CD38-, CD27low) and LTBI (CD38-, CD27high). These data suggest 
that second generation TAM-TB assays not only detect present mycobacterial activity in vivo, but also 
can specifically identify recent mycobacterial activity that was then controlled. 
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Multidrug-resistant Mycobacterium tuberculosis outbreak strains in Gabon 
P. Beckert1, 2, E. Bruske3, 4, S. Bélard3, 5, 6, 7, A.N. Traoré5, 8, D.U. Kombila5, H. Lay9, J. Frick9,  
S. Janssen5, 6, 10, T.A. Kohl1, 2, B. Lell3, 4, 5, P.G. Kremsner3, 4, 5, M. Frank3, 4, A.S. Alabi5,  
M.P. Grobusch3, 4, 6, 10, S. Niemann1, 2 

1Molecular and Experimental Mycobacteriology, Research Center Borstel, Borstel, Germany, 2German 
Center for Infection Research, Partner Site Hamburg-Lübeck-Borstel, Borstel, Germany, 3Institute of 
Tropical Medicine, University of Tuebingen, Tuebingen, Germany, 4German Centre for Infection 
Research, Partner Site Tuebingen, Tuebingen, Germany, 5Medical Research Unit, Albert Schweitzer 
Hospital, Lambaréné, Gabon, 6Center of Tropical Medicine and Travel Medicine, Department of 
Infectious Diseases, Division of Internal Medicine, Academic Medical Center, University of 
Amsterdam, Amsterdam, Netherlands, 7Department of Pediatric Pneumology and Immunology, 
Charité Universitätsmedizin Berlin, Berlin, Germany, 8Microbiology Department, University of Venda, 
Thohoyandou, South Africa, 9Institute of Medical Microbiology and Hygiene, University of Tuebingen, 
Tuebingen, Germany, 10University of Cape Town, Cape Town, South Africa 
 
Background: Emergence of multidrug-resistant tuberculosis (MDR-TB) challenges the healthcare 
systems worldwide. In Sub-Saharan Africa with its high rate of HIV co- infected people, the effective 
transmission of MDR-TB is a threatening scenario. To prevent spreading of MDR strains and apply 
effective treatment we analyzed Mycobacterium tuberculosis complex (MTBC) strains from a rural 
area in the high incidence country Gabon.  
 
Methods: MTBC samples were collected from 2011 to 2015 at the Albert Schweitzer Hospital in 
Lambaréné, Gabon. The isolates were sent to the Research Center Borstel, Germany for drug 
susceptibility testing and classical molecular genotyping (24-loci MIRU-VNTR and spacer 
oligonucleotide typing). In addition all strains were analyzed by whole-genome sequencing (Illumina 
MiSeq and NextSeq 500).  
 
Results: We collected 346 MTBC isolates, among which 288 (83.2%) were fully susceptible, 33 (9.5%) 
MDR and 25 (7.2%) non MDR. The major lineages and sublineages identified by genotyping were 
Euro-American Superlineage (302 isolates; Cameroon 95, Haarlem 67, LAM 64, Gabon H37Rv like 
47), M. africanum (27 isolates), EAI (1 isolate) and Beijing (1 isolate); 15 isolates could not be 
assigned to a previously described lineage. 26 (78.8%) MDR isolates were classified as Haarlem 
genotype and 22 (66.7%) of those MDR strains were part of one cluster. Whole-genome sequencing 
analysis conferred the clonality of the Haarlem MDR strains and 24 (72.7%) MDR isolates were 
grouped into a transmission network. (pairwise genomic distance < 12 SNPs). Subsequent timing 
analysis of the whole-genome sequencing data, indicate spreading of the MDR strains since 2006.  
 
Conclusion: Our analysis revealed a diverse population structure of MTBC strains causing TB in 
central Gabon. The TB epidemic is mainly driven by a variety of strains belonging to the Euro-
American Superlineage (87.3%) as well as a smaller proportion of M. africanum strains (7.8%). 
Alarmingly 9.5% of the isolates were already MDR and 72.7% of the MDR strains are grouped into 
one cluster of strains. To break the chain of transmission of the MDR Haarlem outbreak strains and 
prevent further spreading, we established a molecular test assay to rapidly identify patients infected 
with the outbreak strains. 
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Impact of molecular drug resistance testing in multidrug-resistant tuberculosis 
J. Heyckendorf1, S. Andres2, I.D. Olaru1, P. Beckert3, V. Schleusener3, T.A. Kohl3, K. Kranzer2,  
D. Hillemann2, C.U. Köser4, S. Niemann3, C. Lange1, M. Merker3 

1Clinical Infectious Diseases, Research Center Borstel, Borstel, Germany, 2National Reference Center 
(NRC) for Mycobacteria, Research Center Borstel, Borstel, Germany, 3Molecular and Experimental 
Mycobacteriology, Research Center Borstel, Borstel, Germany, 4Department of Medicine, University of 
Cambridge, Cambridge, United Kingdom 
 
Rationale: Tuberculosis (TB) is the leading cause of morbidity and mortality by a single pathogen. 
Numbers of patients with TB are at a historical peak and the emergence of multidrug-resistant (MDR)-
TB (resistance to at least rifampicin and isoniazid) challenges TB-control. Extensively drug-resistant 
(XDR)-TB (MDR-TB plus resistance to one fluoroquinolone (FQ) and any second-line injectable (SLID, 
i.e. capreomycin)) has been reported in at least 77 countries. For most patients combination 
antituberculosis therapy is recommended for a duration of 20 months with at least 4 different drugs in 
order to achieve relapse-free cure. Rapid and reliable Mycobacterium tuberculosis (MTB) drug-
susceptibility testing (DST) is essential to provide individualized antituberculosis drug-regimens for 
patients with M/XDR-TB. This study aimed to identify how different methods of molecular DST 
compare in their ability to predict phenotypical DST (pDST) results and to provide information for the 
design of M/XDR-TB treatment regimens.  
 
Methods: Using a standardized treatment algorithm based on GeneXpert-MTB/RIF (Xpert: rifampicin 
susceptibility), line-probe-assay (MDR-TBplus-sl; LPA: rifampicin, rifabutin, isoniazid, kanamycin, 
amikacin, capreomycin ofloxacin, levofloxacin, and moxifloxacin susceptibility) and whole-genome-
sequencing (WGS: LPA drugs plus ethambutol, pyrazinamide, prothionamide, PAS, 
cycloserine/terizidone, and linezolid susceptibility) results, we designed treatment-regimens for 
patients with M/XDR-TB and compared the different regimens with those derived by pDST including 
MICs from liquid cultures.  
 
Main Results: Phenotypical DST and molecular tests of 25 patient-derived strains were analysed 
retrospectively. 24(96.0%) Xpert-results were in concordance with the pDST. LPA and WGS predicted 
drug resistance to rifampicin, isoniazid, FQ, and SLID in 24(96%), 25(100%), 25(100%), 24(96%) and 
23(92%), 25(100%), 23(92%), 15(60%) cases, respectively. Xpert-based regimens showed the lowest 
overlap with pDST-derived regimens (49%). LPA and WGS predicted the choice of drugs derived by 
pDST in 65% and 80%, respectively. Non-classifiable resistance variants identified by WGS led to 
significantly decreased usage of fluoroquinolones and SLID in the corresponding regimen compared 
to pDST (p=0.0134). However, patient derived isolates with low-level resistance related mutations 
show increased MICs to rifampicin, rifabutin, FQ and amikacin but below currently established 
breakpoints.  
 
Conclusion: Molecular DST by LPA or WGS, but not by Xpert are useful for the design of 
individualized M/XDR-TB regimens. WGS improves individualized therapy with WHO group C/D 
drugs, although non-classifiable results limit the use at present. Notably, stepwise evolving MIC-
increase driven by additive effects of non-classifiable variants might contribute to clinically relevant 
drug-resistances. Our data strengthen the suggestion to re-evaluate current breakpoints in the 
treatment of M/XDR-TB. 
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Lipids are Promising Diagnostic Molecules for Monitoring Antimycobacterial Therapy 
N. Zehethofer1, 2, J. Heyckendorf3, 4, 5, M. Weinkauf1, J. Brandenburg6, K. Gaede7, N. Reiling6,  
U.E. Schaible2, C. Lange3, 4, 5, 8, 9, D. Schwudke1 
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Background: The number of patients diagnosed with multi-drug resistant (MDR) strains (defined by 
bacillary resistance against both rifampicin and isoniazid) of Mycobacterium tuberculosis (M.tb), has 
been increasing dramatically in the past decade. In general, cure rates of patients with MDR-TB are 
reported to be low. Identification of biomarkers that could aid physicians to individualize the 
management of patients with MDR-TB could improve outcomes of MDR-TB treatments. Due to their 
structural uniqueness mycobacterial lipids could be ideal biomarker candidates.  
  
Methods: In order to identify potential marker molecules to monitor therapeutic responses in patients 
with TB, we applied a shotgun lipidomic approach. In a first step, we determined the lipidomes of 
several clinical isolates. Here we searched for lipids that were (1) detected in all clinical strains, (2) 
easy to isolate and quantify and (3) were not present in any sample material from our disease models 
or clinical material. We then systematically studied the lipidome of blood plasma and peripheral blood 
mononuclear cells (PBMC) during antimycobacterial treatment in order to evaluate if lipids were 
suitable markers indicative for therapeutic response. Lipidomes were characterized during standard 
therapy for sensitive TB compared to MDR-TB cases as well as to a cohort of healthy individuals.  
  
Results: We identified saturated phosphatidylinositols comprising tuberculostearic acids (TSA) as 
most promising target molecules. Distinct lipid species comprising TSA were elevated at clinically 
relevant time points such as sputum conversion and culture conversion.  
  
Conclusions: Individual treatment profiles for lipids suggest that TSA can help to estimate the bacterial 
load and the efficiency of a chosen drug regimen in patients with MDR-TB. 
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M. bovis BCG vaccination induces mycobacteria-specific immune responses but lacks 
protection from infection of human alveolar macrophages from tuberculosis 
J. Radloff1, J. Heyckendorf1, N. Reiling2, E. Richter3, C. Lange1, B. Kalsdorf1 
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Background: Elimination of tuberculosis (TB) appears not to be possible without the development of a 
vaccine, that effectively prevents infection and disease in M. tuberculosis exposed individuals. M. 
bovis BCG- vaccination, one of the most commonly used vaccines at all, reduces TB morbidity and 
mortality but does not have a substantial influence on TB incidence. A key obstacle for the 
identification and development of novel vaccines are missing surrogate markers for immune protection 
against MTB. Growth rates of MTB in the presence of human cells in the Mycobacterial Growth 
Inhibition Assay (MGIA) are regarded as potential biomarker for immune control following vaccination. 
 
We evaluated the effect of subcutaneous M. bovis BCG- vaccination to MGIA growth rates performed 
with bronchoalveolar lavage mononuclear cells (BALC) and peripheral blood mononuclear cells 
(PBMC) from healthy human volunteers.  
  
Design/Methods: Of 47 tested volunteers, seventeen suitable healthy BCG vaccine-naive subjects 
underwent blood sampling and bronchoscopy before and after (54-70 mean 59 days) M. bovis BCG- 
vaccination. At both time points BALC and PBMC were in-vitro infected and cultured with MTB 
(H37Rv) for 96 hours. To detect the growth rate in the MGIA, cell lysates were cultured in liquid culture 
(Mycobacterium Growth Indicator Tube; MGIT) to determine the time to culture positivity and on solid 
culture (Middlebrook agar plates) to count Colony Forming Units (CFU). BALC and PBMC were 
characterized by flow cytometry for CD3, CD4, CD8, Granulysin, Granzym B and Perforin expression. 
The MGIA was performed with and without the in-vitro supplementation of Vitamin D.  
 
Results: The time to culture positivity in the MGIA after vaccination significantly increased with PBMC 
in comparison to BALC (p<0.0001). Phenotypical characterization of BALC and PBMC revealed 
significant differences between expression of Granzym B (higher in BALC; p=0.016) and Perforin 
(higher in PBMC; p<0.001).  
BCG vaccination induced a positive PPD, ESAT6 or CFP10 response in 14/17 of the vaccinated 
candidates 82,4%. Intraindividual evaluation of the MGIA growth rates before and after BCG-
vaccination revealed no significant difference in TTP and CFU before and after vaccine application in 
BALC p=0.3887and PBMC p=0.1922. The magnitude of PPD response induced by BCG-vaccination 
did not correlated with growth control in BALC and PBMC. The in-vitro supplementation of Vitamin D 
to the MGIA significantly improved growth control with an increase of the TTP of 19 hours (p<0.001) in 
BALC and PBMC.  
  
Conclusions: The MGIA with BALMCs is a novel promising method to ascertain correlates of 
protection from M. tuberculosis infection in humans. As M. bovis BCG vaccination is not leading to 
functional immune control against M. tuberculosis by BALMCs despite the development of 
mycobacteria-specific IGRA-responses development of novel vaccines against TB remain a research 
priority. 
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Controlled human malaria infection as a tool for the development of novel malaria 
vaccine candidates 
B. Mordmüller1, 2, B. Lell1, 2, A.A. Adegnika1, 2, 3, S.T. Agnandji2, P.G. Kremsner1, 2 

1Centre des Recherches Médicales de Lambaréné, Lambaréné, Gabon, 2Institut für Tropenmedizin, 
Universitätsklinikum Tübingen, Tübingen, Germany, 3Department of Parasitology, Leiden University 
Medical Center, Leiden, Netherlands 
 
Introduction: Malaria is one of the most important infectious diseases and has an enormous public 
health impact, particularly, in Sub-Saharan Africa. New interventions are urgently required and a safe 
and highly efficacious malaria vaccine is not available.  
  
Methods: We developed a protocol for standardized controlled human malaria infection (CHMI) by 
direct venous inoculation (DVI) of 3200 aseptic, purified cryopreserved Plasmodium falciparum 
sporozoites (PfSPZ Challenge), the current gold standard for assessing interventions in early phase 
clinical trials. CHMI has been used for more than 100 years but lack of standardization precluded it 
from use as a platform for systematic vaccine discovery. Using CHMI as outcome variable, a protocol 
for immunization that provides full protection was developed. In addition, volunteers with lifelong 
exposure to malaria underwent CHMI to study naturally acquired immunity.  
  
Results: Immunization with three injections of 51.200 PfSPZ Challenge induces high-level protective 
efficacy in malaria-naïve volunteers. In lifelong malaria-exposed volunteers, naturally acquired 
immunity can be studied with CHMI: About 25% are fully protected and >50% can control parasitemia 
below a symptomatic threshold. Immunized individuals, either by vaccination or by natural exposure, 
are an ideal source to identify novel vaccine candidates when combined with non-biased 
immunological assays and platforms that allow rapid prototyping of good manufacturing practice 
compliant vaccine candidates for Phase 1 studies.  
  
Conclusion: CHMI and immunization with PfSPZ can be used to identify novel vaccine candidates. An 
iterative cycle of vaccine development focussed on vaccines for human use is proposed. 
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Malaria co-infections: a diagnostic challenge in malaria endemic regions of sub-
Sahara Africa 
D. Eibach1, B. Hogan1, N. Sarpong2, R. Krumkamp1, D. Dekker1, B. Kreuels3, O. Maiga-Ascofaré2,  
Y. Adu-Sarkodie4, E. Owusu-Dabo2, J. May1 

1Bernhard Nocht Institute for Tropical Medicine, Hamburg, Germany, 2Kumasi Center for Collaborative 
Research in Tropical Medicine, Kumasi, Ghana, 3University Medical Center Hamburg-Eppendorf, 
Hamburg, Germany, 4Kwame Nkrumah University of Science and Technology, Kumasi, Ghana 
 
Background: In sub-Saharan regions with holoendemic malaria transmission clinicians primarily focus 
on malaria diagnostics. Hence, febrile patients with malaria co-infections might receive treatment for 
non-causative parasitaemia, while the co-infecting agent remains overlooked. This study aims to 
clarify the role of malaria co-infections among hospitalised children with severe febrile illness to guide 
treatment decisions.  
  
Methods: Between November 2013 and April 2015 all patients with a temperature ≥ 38.0°C, admitted 
to the Agogo Presbyterian Hospital in central Ghana were included in the study. Blood cultures, 
malaria microscopy as well as bacterial culture and molecular diagnostic tests from urine, pharyngeal 
swabs, stool and cerebrospinal fluid specimens. Non-febrile, healthy controls were recruited to 
analyse associations of febrile disease and parasitaemia.  
  
Results: 1,238 children were included into the hospital study. A clinical/microbiological diagnosis could 
be made in 1,109 (90%) patients, with parasitaemia (n=728; 59%), respiratory tract infections ([RTI] 
n=467; 34%), gastrointestinal infections (n=210; 17%) and invasive bloodstream infections (n= 62; 
5%) being predominant. Out of 537 healthy children, 83 (15%) revealed malaria parasites, of which 
90% had a parasite count below 12,000/µ, which was used as a cut-off to define asymptomatic 
malaria infections. Applying this parasite cut-off to the hospital patients showed that 613 (50%) 
children had clinical malaria. Among those 319 (52%) had a concomitant diagnoses, such as RTI 
(n=143; 23%), gastrointestinal infections (n=83; 14%) and invasive bloodstream infection (n=4; 1%).  
  
Conclusions: With half of all malaria patients revealing an alternative cause for the fever episode and 
15% of healthy children being parasiteamic, malaria co-infections play a substantial role in the 
paediatric population of malaria endemic countries. Laboratory capacities must be enhanced to 
reliably diagnose infectious pathogens beyond malaria. 
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Etiology of fever in hospitalized Children in Gabon: preliminary results 
J.F. Fernandes1, 2, 3, J. Held1, 2, M. Dorn2, C. Kokou4, B.A. Adande4, A.S. Alabi1, 2, S.T. Agnandji1, 2,  
A. Roth1, 2, A.A. Adegnika1, 2, B. Lell1, 2, J. May5, P.G. Kremsner1, 2, M. Grobusch1, 2, 3, B. Mordmüller1, 2 

1Institut für Tropenmedizin, Universitätsklinikum Tübingen, Tübingen, Germany, 2Centre des 
Recherches Médicales de Lambaréné, Lambaréné, Gabon, 3Center of Tropical Medicine & Travel 
Medicine, University of Amsterdam, Amsterdam, Netherlands, 4Albert Schweitzer Hospital, 
Lambaréné, Gabon, 5Bernhard-Nocht-Institut für Tropenmedizin, Hamburg, Germany 
 
Background: In the tropics, fever is among the most frequent causes of medical attendances in the 
pediatric population. In many malaria-endemic areas, the number of malaria cases is decreasing and 
other diagnoses become increasingly important but their relative importance and frequency in Central 
Africa have not been studied systematically. Our study was performed to assess the most important 
causes of fever in Gabonese children beyond malaria.  
 
Methods: From August 3, 2015, to March 18, 2016, we prospectively enrolled 600 children, aged 0 to 
15 years old, with a temperature of 38°C or higher and required hospitalization at the Albert 
Schweitzer Hospital (ASH) pediatric ward in Lambaréné, Gabon. ASH provides health care to urban 
and rural areas of the province Moyen-Ogooué and beyond. All children received a physical 
examination and were sampled systematically (nasopharyngeal, blood, stool and urine). Point-of-care 
tests and advanced molecular tests were performed in Gabon and Germany respectively. In addition, 
medical history and demographic data were captured using questionnaires.  
 
Results: 600 children were enrolled and remained hospitalized for 1 - 26 days (median: 5). 3 children 
died and 1 child was discharged with sequelae. The average age on admission was 45.5 months (0 - 
191) and mean body temperature was 39°C (38 - 41.5). Most children presented with weakness 
(83.1%). Besides other fever-related symptoms, patients most commonly presented with cough and/or 
dyspnea (58.3%), vomiting (54.3%) and convulsions (13.3%). Anemia was the most frequent 
laboratory abnormality. Positive microbiological cultures of urine and blood were found in 2.7% and 
9.7%, respectively. Of 158 children (26.3%) had multiple diagnoses. Malaria was microscopically 
detected in 59.3% (356/600). A full analysis of the molecular and serological profile of infections is 
ongoing and will be presented.  
 
Conclusion: In Lambaréné, malaria is still the major cause of hospitalization in pediatric children with 
fever. The frequency of co-infections was high. Following admission to pediatric ward mortality was 
low. Further diagnostic investigations are ongoing. 
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A randomized, controlled, double-blind, single-center phase 1 clinical trial to evaluate 
safety, tolerability, immunogenicity and efficacy of CAF01 and aluminum hydroxide as 
adjuvants for the malaria vaccine candidate GMZ2 in African volunteers 
U. Ateba Ngoa1, 2, 3, J.C. Dejon Agobe1, 2, J.R. Edoa1, 2, A. Homoet1, J. Engelhorn1, O.P. Nouatin1,  
Y.D. Mouwenda1, M.E. Betouke Ongwe1, 2, M. Massinga-Loembe1, 2, A. Bouyoukou Hounkpatin1, 2,  
M. Yazdanbakhsh3, J. Brosnahan2, B. Lell1, 2, M. Theisen4, P.G. Kremsner1, 2, B. Mordmüller1, 2,  
A.A. Adegnika1, 2, 3 

1Centre des Recherches Médicales de Lambaréné, Lambaréné, Gabon, 2Institut für Tropenmedizin, 
Universitätsklinikum Tübingen, Tübingen, Germany, 3Department of Parasitology, Leiden University 
Medical Center, Leiden, Netherlands, 4Department of Congenetial Disorders, Statens Serum Institute, 
Copenhagen, Denmark 
 
Introduction: GMZ2 is an asexual blood stage vaccine candidate that was developed by the Statens 
Serum Institute, Denmark (SSI) and its partners. It is a fusion protein of conserved fragments of 
Plasmodium falciparum merozoite surface protein 3 (MSP3) and glutamate rich protein (GLURP). The 
antigen was selected based on sero-epidemiological and functional studies and showed excellent 
safety, tolerability and good immunogenicity when adjuvanted with alum. Results of three phase 1 
studies on GMZ2-alum led to the decision to perform a phase 2 clinical trial in African children to 
assess safety, tolerability and efficacy in the target population. The results of the trial support the very 
good safety and tolerability profile of GMZ2, but efficacy was modest; one year after first injection, 
antigen specific antibody concentrations and memory B-cell numbers return to almost pre-vaccination 
levels. In general, data from the four trials suggest that an improved and more durable immune 
response against the vaccine antigen will result in significantly better protection. Therefore, 
combination of GMZ2 with a novel and more potent adjuvant is the rational next step in clinical 
development. CAF01 is a novel adjuvant, which was developed by SSI. Several clinical trials in 
Europe and Africa demonstrated good safety, tolerability and improved immunogenicity when 
combined with various vaccine candidates.  
  
Methods: This study was performed to compare safety, tolerability, immunogenicity and efficacy of 
GMZ2 formulated with CAF01 to a control vaccine (Rabies) and 100 µg GMZ2 in alum. A total of 50 
volunteers were vaccinated three times by intramuscular injections in the deltoid muscle on alternating 
sides in four-week intervals. The participants were divided in 4 groups. 8 Participants received the 
control vaccine (Group A), 12 participants received 100 µg GMZ2 formulated in alum (Group B), 8 
participants received 30 µg GMZ2 formulated in CAF01 (Group C) and 22 participants received 100 µg 
GMZ2 formulated in CAF01 (Groups D and E). Five to eighteen weeks following completion of 
vaccination, a pre-defined subgroup of 35/50 volunteers underwent controlled human malaria infection 
(CHMI) by direct venous inoculation (DVI) of 3200 PfSPZ Challenge.  
  
Results: Vaccination with GMZ2/CAF01 was well tolerated and no serious adverse events nor 
unsolicited adverse events related to the vaccine occurred. CHMI resulted in 15/35 (43%) malaria 
episodes, defined as microscopically detected parasitemia and symptoms or parasitemia >1000 
parasites/µl. The database has been locked and immunological analyses are ongoing. Results on 
immunogenicity and efficacy will be presented and discussed.  
  
Conclusion: The malaria candidate vaccine GMZ2, adjuvanted in CAF01, is well tolerated in lifelong 
malaria-exposed adults from Gabon. Immunogenicity and efficacy results will be presented. 
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Chlorotonil A: A potent antimalarial macrolactone with a pronouced antibacterial 
activity 
T. Abou Fayad1, 2, J. Herrmann1, 2, J. Held3, 4, K. Mohr2, 5, S. Bernecker2, 5, B. Mordmüller3, 4,  
M. Stadler2, 5, R. Müller1, 2 
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Germany, 3Insitute of Tropical Medicine, Univeristy of Tübingen, Tübingen, Germany, 4German Centre 
for Infection Research (DZIF), Partner Site Tübingen, Germany, 5Helmholtz Centre for Infection 
Research, Braunschweig, Germany 
 

 
 
The macrolactone chlorotonil A was isolated from the myxobacterium Sorangium cellulosum1 and its 
biosynthesis was deciphered recently2. It showed very potent in vitro activity against several Gram 
positive pathogens (MIC in low to mid ng/mL range) such as Staphylococcus aureus and 
Streptococcus pneumoniae and lacks cytotoxicity on eukaryotic cell lines (IC50 on Chinese hamster 
ovary CHO-K1 cells > 5 µM). Further studies showed that the compound acts against all blood stages 
of Plasmodium falciparum and it is highly active against chloroquine-sensitive (3D7) and chloroquine-
resistant (Dd2) strains of P. falciparum with IC50 values of 9 nM and 18 nM, respectively, and an 
average IC50 of 15 nM (n = 25) on parasites isolated from patients in Lambaréné, Gabon. Additionally, 
chlorotonil A is active against late-stage gametocytes (IC50 30 nM), in contrast to artesunate, where 
much higher concentrations must be applied (IC50 9 µM). Chlorotonil A shows in vitro a rapid onset of 
action and is effective in vivo after oral administration in the P. berghei mouse model3,2. Although it 
possesses many features that are required for an antimalarial drug development candidate, mainly its 
poor solubility currently hampers clinical development. Current efforts utilising semi-synthetic tools are 
focused on tackling this important pharmaceutical property issue.  
 
  
1. Gerth, K., Steinmetz, H., Höfle, G. & Jansen, R. Chlorotonil A, a macrolide with a unique gem-
dichloro-1,3-dione functionality from Sorangium cellulosum, so ce1525. Angew. Chemie - Int. Ed. 47, 
600–602 (2008).  
2. Jungmann, K. et al. Two of a Kind-The Biosynthetic Pathways of Chlorotonil and Anthracimycin. 
ACS Chem. Biol. 10, 2480–2490 (2015).  
3. Held, J. et al. Antimalarial activity of the myxobacterial macrolide chlorotonil A. Antimicrob. Agents 
Chemother. 58, 6378–6384 (2014). 
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rVSV-ZEBOV: Investigation of intrinsic immunity to the vaccine vector VSV and its 
Ebola GP insert 
J. Pötsch1, 2, C. Dahlke1, 2, R. Kasonta1, 2, M.E. Zinser1, V. Krähling3, 4, S. Lunemann5, A. Rechtien1, 2, 
M.L. Ly1, 2, H.C. Stubbe1, 2, N. Biedenkopf3, 4, M. Eickmann3, 4, S.K. Fehling3, 4, T. Strecker3, 4,  
S. Borregaard6, A. Jambrecina6, F.R. Stahl1, M. Altfeld5, S. Becker3, 4, A.W. Lohse1, S. Schmiedel1, 
M.M. Addo1, 2 
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Germany, 4German Center for Infection Research, Giessen-Marburg-Langen, Germany, 5Heinrich-
Pette-Institute, Leibniz Institute for Experimental Virology, Hamburg, Germany, 6Clinical Trial Center 
North GmbH, Hamburg, Germany 
 
The West African Ebola outbreak was the largest epidemic of this virus disease and led to intensified 
efforts to test novel vaccine candidates. The live-attenuated, replication competent vaccine rVSV-
ZEBOV, encoding for Ebola virus glycoprotein (GP), was selected for phase I studies.  
rVSV-ZEBOV is based on the vector Vesicular Stomatitis Virus which has many advantages making it 
to an interesting vaccine platform. As a live-attenuated virus, it is highly immunogenic and induces 
long lasting immunity after a single injection. It is easy to modify the genome and to express foreign 
epitopes.  
One disadvantage of viral vectors is preexisting immunity and vector immunity directed against the 
vaccine backbone. Preexisting neutralizing immunity to the vector itself may impair immunogenicity 
when previously being infected or vaccinated with the vector. As VSV is tested for one of the first time 
in human, there is a lack of knowledge regarding induction of vector specific immunity.  
Aim of this study was to investigate humoral and cellular immune responses to the Ebola GP insert of 
rVSV-ZEBOV. Furthermore vector immunity of VSV was examined for the first time in human samples.  
As part of the WHO-led VSV Ebola consortium (VEBCON), we performed an open-label, dose 
escalation phase I trial of rVSV-ZEBOV (NCT02283099). The study site in Hamburg, sponsored by the 
DZIF, vaccinated 30 healthy adults in three different dose groups (3x105, 3x106 or 2x107 PFU).  
The generation of VSV and Ebola GP specific antibodies (Abs) were investigated via ELISA and 
neutralization assays. T cell immunogenicity was analyzed using ELISpot and multiparametric flow 
cytometry. Therefore, PBMCs were stimulated with the whole VSV wild type or with overlapping 
peptide pools (OLPs) covering the whole Ebola GP and VSV Nucleoprotein (VSV N), respectively.  
  
T cell responses against both the vector and VSV N were moderate and highly variable between study 
subjects predominantly detected in CD8+ cells. T cell responses against Ebola GP OLPs where 
moderate and predominantly in CD8+ compared to CD4+ T cells.  
All subjects showed no VSV Matrix protein (VSV M) specific Abs on day 0 pre-vaccination, confirming 
a lack of preexisting immunity to VSV in the general population. After vaccination, 7 out of 30 study 
subjects developed VSV M Abs that where not durable over 6 month. In contrast, Ebola GP specific 
antibodies were detected in all vaccinees from day 28 and persisted for 6 months.  
Our results provide an insight on immunogenicity in humans after rVSV-ZEBOV vaccination. While 
VSV vector immunity in human showed low humoral and cellular responses, antibody responses 
against Ebola GP were rapid, strong and persistent. These results guided the dose selection for phase 
II/III trials with promising efficacy results in Guinea. In sum, our data underline the potency of rVSV-
ZEBOV as a tool for novel vaccine strategies against emerging viruses. 
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Potential target for broad spectrum antiviral drugs 
E. Acosta1, W. Fischl2, A. Ruggieri1, L. Kaderali3, H. Erfle4, S. Kallis1, R. Bartenschlager5 

1Department of Infectious Diseases, Molecular Virology, Heidelberg University, Heidelberg, Germany, 
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Heidelberg, Germany, 5Department of Infectious Diseases, Molecular Virology; German Centre for 
Infection Research, Heidelberg University, Heidelberg, Germany 
 
Emerging and re-emerging infections are often caused by RNA viruses and are still a major public 
health concern as exemplified by recent outbreaks of MERS-CoV in the Middle East or the current 
outbreaks of Ebola virus in Western Africa or Zika virus in Brazil. To establish a first-line of defense 
against RNA virus groups that have the potential to cause epidemics and for which vaccines or 
selective therapies are not available, new broad-spectrum antiviral drugs targeting viral structures or 
host cell factors that are conserved for a given virus group or family and that are essential for efficient 
virus replication are required. These drugs must have high selectivity, low toxicity and cover a broad 
class of viruses within a group or family.  
Dengue viruses (DENV) which belong to the family of Flaviviridae are mosquito-borne emerging 
human pathogens whose infections produce a variety of clinical outcomes ranging from asymptomatic 
to the life-threatening forms dengue hemorrhagic fever/dengue shock syndrome. The annual global 
incidence of dengue is estimated to reach 390 million infections per year. In spite of serious efforts, 
there are no approved therapies to prevent or inhibit DENV infections. By employing two sequential 
siRNA-based high-throughput screens employing DENV-2 reporter virus we were able to identify 
peptidylarginine deiminase type IV (PADI4) as drug target being essential for the replication of all four 
DENV serotypes, West Nile virus and Hepatitis C virus. This strongly argues that PADI4-inhibitors are 
suitable candidates for broad-spectrum antiviral drugs. Currently, we are determining its clinical 
application by exploring the mode-of-action of the inhibitor and analyzing its efficacy against other 
virus groups employing the DZIF virus test pipeline (VTP). 
 
 
 
 
 



TTU Emerging Infections 

 53 

ST 23 
 

Evidence for widespread infection of African bats with Crimean-Congo hemorrhagic 
fever-like viruses 
M.A. Müller1, S. Devignot2, E. Lattwein3, V.M. Corman1, 4, G. Maganga5, F. Gloza-Rausch6, T. Binger1, 
P. Vallo7, P. Emmerich8, V. Cottontail7, M. Tschapka7, S. Oppong9, J.F. Drexler1, 4, F. Weber2,  
E.M. Leroy5, C. Drosten1, 4 

1Institute of Virology, University of Bonn Medical Center, Bonn, Germany, 2Institute for Virology, 
Justus-Liebig University Gießen, Giessen, Germany, 3EUROIMMUN AG, Lübeck, Germany, 4German 
Centre for Infection Research (DZIF)-Partner Site Bonn-Cologne, Bonn, Germany, 5Centre 
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Crimean Congo hemorrhagic fever virus (CCHFV) is a highly virulent tick-borne pathogen that causes 
hemorrhagic fever in humans. The geographic range of human CCHF cases largely reflects the 
presence of ticks. However, highly similar CCHFV lineages occur in geographically distant regions. 
Tick-infested migratory birds have been suggested, but not confirmed, to contribute to the dispersal. 
Bats have recently been shown to carry nairoviruses distinct from CCHFV. In order to assess the 
presence of CCHFV in a wide range of bat species over a wide geographic range, we analyzed 1,135 
sera from 16 different bat species collected in Congo, Gabon, Ghana, Germany, and Panama. Using a 
CCHFV glycoproteinbased indirect immunofluorescence test (IIFT), we identified reactive antibodies in 
10.0% (114/1,135) of tested bats, pertaining to 12/16 tested species. Depending on the species, 
3.6%–42.9% of cave-dwelling bats and 0.6%–7.1% of foliage-living bats were seropositive (two-tailed 
t-test, p = 0.0447 cave versus foliage). 11/30 IIFT-reactive sera from 10 different African bat species 
had neutralizing activity in a viruslike particle assay. Neutralization of full CCHFV was confirmed in 5 
of 7 sera. Widespread infection of cave-dwelling bats may indicate a role for bats in the life cycle and 
geographic dispersal of CCHFV. 
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p53 regulates SARS-CoV replication via interaction of SUD and PLpro with E3 
ubiquitin ligase RCHY1 
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We identified E3 ubiquitin ligase RCHY1 as an interaction partner of the Severe Acute Respiratory 
Syndrome Coronavirus (SARS-CoV) unique domain (SUD) and of PLPro proteases of different 
coronaviruses (SARS-/MERS-CoV, HCoV-NL63). The calcium/calmodulin-dependent protein kinase II 
delta (CAMK2D) also interacts with SUD. Latter does not interfere with phosphorylation of RCHY1. 
The SUD interaction augments RCHY1 stability, which ubiquitinates p53 leading to its increased 
degradation. The relevance of p53 during CoV infection is demonstrated by significantly reduced 
replication (several orders of magnitude) of infectious SARS-CoV as well as of two SARS-CoV 
replicons and the mildly pathogenic HCoV-NL63. Thus we show for the first time that the cellular 
guardian molecule p53 exerts antiviral activity on the replication of CoVs. Our findings deepen insight 
into the coronavirus-host interplay and present a major advance in the identification of novel, highly 
important targets for antiviral interventions against the highly pathogenic SARS- and MERS-CoVs as 
well as less pathogenic CoVs. As these viruses are repeatedly responsible for new outbreaks (see 
MERS-CoV in Arabian countries and in South Korea) the work should have great impact on future 
controls of the emerging, highly infectious viruses. RCHY1 might serve as a new biomarker in antiviral 
research as it influences innate immune responses by regulating p53 expression.  
 
Proc Natl Acad Sci U S A. 2016 Aug 12. pii: 201603435 
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Development of MVA-MERS-S for Phase I clinical evaluation: A candidate vaccine 
against middle east respiratory syndrome coronarvirus 
A. Volz1, A. Kupke2, F. Song1, R. Fux1, M. Eickmann2, B. Haagmans3, A. Osterhaus3, S. Becker2,  
G. Sutter1 
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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 serves for developing new vaccines against infectious disease and cancer. A recombinant 
MVA expressing the S protein of MERS CoV (MVA-MERS-S) was generated rapidly after the 
discovery of MERS. The MERS-CoV-S encoding sequences were introduced into the deletion site III 
of the MVA genome. Preclinical evaluation of MVA-MERS-S candidate vaccine confirmed the 
induction of MERS-CoV neutralizing antibodies and MERS–S epitope specific CD8+ T cells in BALB/c 
mice comparing different dosages and application routes. Moreover, preclinical testing in mouse 
models allowed for the first demonstration of the protective capacity of this MERS candidate vaccine. 
Transduction with recombinant adenovirus delivering the human receptor molecule DPP4 allowed 
assessment of protective capacity of vaccination upon respiratory challenge with MERS-CoV. All mock 
vaccinated control mice developed high loads of MERS-CoV in the lungs at day 5 post challenge. In 
contrast, MERS-CoV replication was severely impaired in all animals immunized with MVA-MERS-S 
vaccines as demonstrated by more than 100-fold reduced loads of MERS-CoV.  
  
As MERS-CoV is assumed to persist in dromedary camels, further preclinical analysis in dromedary 
camels demonstrated immunogenicity and protective efficacy of MVA-MERS-S. Simultaneous 
immunizations by the intranasal and intramuscular routes resulted in efficient induction of virus 
neutralizing antibodies and vaccinated animals revealed a significant reduction of excreted infectious 
virus and viral RNA transcripts after MERS-CoV challenge infection.  
  
These data further support the general safety and efficacy of the MVA-MERS-S candidate vaccine. 
Next, it will be important to characterize the MVA-MERS-S candidate vaccine in humans and efforts 
are ongoing to start a first-in-man clinical evaluation of MVA-MERS-S as soon as possible. 
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Mechanism-of-action of the cyclic depsipeptide antibiotic telomycin 
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Telomycin (TM) is produced by Streptomyces canus and has been first described in 1958 by Bristol 
lab[1]. TM acts bactericidal on a broad range of Gram-positive pathogens including multidrug resistant 
strains. It was postulated that TM shows a novel mechanism-of-action through interaction with 
membrane structures but target identification has not been achieved yet. We found loss of function 
mutations in cardiolipin synthase (Cls2) of TM-resistant S. aureus, which has also been described 
recently by Margavey and co-workers[2]. TM binds to cardiolipin (CL) and most probably induces 
downstream events that lead to bacterial killing. However, studies with some semisynthetic tool 
compounds reveal that there might be other direct cellular targets, which are addressed by the TM 
family of compounds. A number of further natural derivatives including a TM precursor have already 
been identified in the course of biosynthesis studies[3]. However, as part of the TI Natural Compound 
Library we re-evaluated the production conditions with S. canus and were able to purify more natural 
TM derivatives that will aid further structure-activity relationship studies.  
  
  
1 M. Misiek, O. B. Fardig, A. Gourevitch, D. L. Johnson, I. R. Hooper, J. Lein, Antibiot. Annu. 1957-
1958, 5, 852.  
2 C. W. Johnston, M. A. Skinnider, C. A. Dejong, P. N. Rees, G. M. Chen, C. G. Walker, S. French, 
E. D. Brown, J. Bérdy, D. Y. Liu, N. A. Magarvey, Nat. Chem. Biol. 2016, 12, 233.  
3 C. Fu, L. Keller, A. Bauer, M. Brönstrup, A. Froidbise, P. Hammann, J. Herrmann, G. Mondesert,  
M. Kurz, M. Schiell, D. Schummer, L. Toti, J. Wink, R. Müller, J. Am. Chem. Soc. 2015, 137, 7692. 
 
 
 
 
 



TTU Novel Antiinfectives 

 57 

ST 26 
 

Exploiting underexplored translation inhibitors and combinations thereof 
F. Handel, A. Berscheid, D. Hörömpöli, H. Sales-Ortells, E. Stegmann, Y. Mast, H. Brötz-Oesterhelt 
Universität Tübingen, Tübingen, Germany 
 
The bacterial ribosome is a hot spot for the action of successful antibiotics. However, not all promising 
binding sites at the ribosome have been therapeutically exploited. The aim of the project is to 
characterize and optimize two underexplored protein synthesis inhibitors and to evaluate their 
synergistic potential:  
 
Negamycin is a small pseudopeptide from Streptomyces purpeofuscus, which acts at a novel binding 
site at the 30S ribosomal subunit and exhibits anti-Gram-negative activity that has already been 
proven in vivo. The molecular mechanism of negamycin is new and not affected by established 
resistances towards other ribosome inhibitors. In an effort to optimise negamycin production, several 
S. purpeofuscus strains were acquired and their potential for negamycin biosynthesis was 
investigated. Strains showed different production levels as detected by bioactivity assays against E. 
coli and HPLC-MS analysis. Various production media and time courses were screened and 
production was established reproducibly.  
 
Aureogistin is the tentative name for a putative streptogramin-like antibiotic produced by 
Streptomyces aureofaciens TÜ1-01 from the Tübinger strain collection. The family of streptogramin 
antibiotics consists of two different chemotypes (polyketides and peptide antibiotics) and resembles an 
underexplored antibiotic family. Besides this not further characterized substance, S. aureofaciens 
TÜ1-01 produces the acyclic polyene antibiotic α-lipomycin, which has antibacterial activity against 
Gram-positive bacteria. In order to characterize aureogistin, culture conditions were defined, where no 
α-lipomycin is produced but bioactivity is maintained. Bioassay screens with the culture extracts of 
these samples revealed activity against Gram-positive bacteria, including Staphylococcus aureus. In 
vitro transcription/translation assays showed that the extracts have inhibitory activity on protein 
synthesis. 
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Genome mining-guided drug discovery: new avenues to protease and proteasome 
inhibitors from bacterial sources 
L. Kaysser 
Pharmaceutical Institute, University of Tübingen, Tübingen, Germany 
 
Proteases have been established as key factors in the pathogenesis of many parasitic protozoa and 
infectious bacteria. They are interesting targets for the development of new anti-infective agents for a 
variety of different diseases e.g. malaria, sleeping sickness, Chagas disease and leishmaniasis but 
also tuberculosis. Terrestrial filamentous microbes have been traditionally a diverse and rich source of 
protease inhibitors and other antibiotics. Extensive genome sequencing showed that the genetic 
capacity for secondary metabolite production exceeds the actually isolated molecules from many 
bacterial strain by large margins. The unknown compounds synthesized by pathways encoded in 
orphan gene clusters are promising leads in the search for new chemical entities but also for structural 
analogs of established bioactive substances.  
An important focus of our research is the discovery of new proteasome and protease inhibitors from 
bacterial sources. To this end, we are pursuing a targeted genome-guided approach which takes 
advantage of the tremendous progress made in the fields of bioinformatics and analytical chemistry. 
We identified and cloned the gene clusters of several epoxyketone, betalactone and hydroxamate 
proteasome and protease inhibitors. Now, we use the information from our current biosynthetic studies 
to find orphan gene clusters with analogous organization in public and non-public data bases. Thereby 
we focus on genes involved in the formation of pharmacophoric structural features to facilitate the 
identification of molecules with similar functionality. Subsequently, we make use of our long standing 
expertise on heterologous systems to express the pathways in surrogate host organisms. LC-MS-
assisted comparative metabolic profiling is employed to detect the new heterologous compounds. 
 
 
 
 
 



TTU Novel Antiinfectives 

 59 

ST 28 
 

Development of new treatments against filariasis using antibiotics 
U. Klarmann-Schulz1, A. Schiefer1, L. Batsa2, A.Y. Debrah3, S. Specht1, M.P. Huebner1, K. Pfarr1, M. 
Taylor4, A. Hoerauf1 

1Institute for Medical Microbiology, Immunology and Parasitology (IMMIP), Universitiy Hospital of 
Bonn, Bonn, Germany, 2Kumasi Centre for Collaborative Research in Tropical Medicine (KCCR), 
Kwame Nkrumah University of Science and Technology (KNUST), Kumasi, Ghana, 3Faculty of Allied 
Health Sciences, Kwame Nkrumah University of Science and Technology (KNUST), Kumasi, Ghana, 
4Department of Parasitology, Liverpool School of Tropical Medicine, Liverpool, United Kingdom 
 
Around 150 million people worldwide suffer from the filarial diseases lymphatic filariasis (LF) or 
onchocerciasis. Current treatment strategies mainly rely on mass drug administration (MDA) affecting 
the microfilariae but not the adult worms, and according to epidemiological estimates, 10 and more 
yearly rounds of MDA are needed for regional elimination of the infections. The World Health 
Organisation recently concluded that alternative treatment strategies are needed that are 
macrofilaricidal or lead to long-term sterilization of the female worms. We have established that 
doxycycline (DOX) - depleting the filarial endosymbiont Wolbachia - has macrofilaricidal and long-term 
sterilizing effects. This treatment is currently recommended for curative treatment of individuals with a 
dosage of 200mg for 4 weeks in LF (6 weeks if the patient suffers from pathology such as 
lymphedema (LE)) and 200mg for 4-6 weeks in onchocerciasis. 
The research of our DZIF-group in the field of filariasis is built on 3 pillars:  
1a) To refine the DOX regimen by finding shorter treatments and/or treatments using lower doses – in 
a double-blind, placebo controlled clinical trial it could be shown that DOX 100mg given for 4-5 weeks 
is equivalent to DOX 200mg for 4 weeks in the treatment of LF.  
1b) To use already registered anti-infectives for the treatment of filariasis – in a randomized open pilot 
trial in onchocerciasis, minocycline 200mg for 3 weeks showed a trend towards a stronger efficacy 
compared to DOX 200mg given for 3 weeks. The combination of rifapentine plus moxifloxacin 
depleted Wolbachia after only 4-7 days of treatment in animal models. This suggests that anti-
wolbachial treatment may be considerably shortened, and a pilot-trial will be carried out in 
onchocerciasis comparing the combination given for 7 or 14 days with DOX 200mg for 4 weeks.  
2) To confirm and to refine the DOX regimen for the treatment of lymphedema – we have shown in a 
randomised, placebo–controlled trial that DOX 200mg for 6 weeks results in a halt of progression or 
even an improvement of the early stages of LE. A multicenter trial will be carried out in 5 different 
countries to confirm these results with the aim of implementing the treatment regimen into international 
guidelines.  
3) To develop new antibiotics such as corallopyronin A (CorA) – we have demonstrated 
macrofilaricidal activity of CorA, and pre-clinical development showed that the drug is not toxic in vitro 
and in vivo and has favourable PK parameters. Preclinical development is ongoing with a focus on 
production refinement with the aim to enter clinical development in approx. 3 years. 
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Antimicrobial action of Corallopyronin A against Orientia tsutsugamushi in vitro and 
in vivo 
F. Kock1, M. Hauptmann1, 2, A. Schiefer3, G. König4, K. Pfarr3, A. Hörauf3, B. Fleischer1, 5, C. Keller1, 6 

1Bernhard Nocht Institute for Tropical Medicine, Hamburg, Germany, 2Forschungszentrum Borstel, 
Borstel, Germany, 3Institute for Medical Microbiology, Immunology and Parasitology, University 
Hospital of Bonn, Bonn, Germany, 4Institute for Pharmaceutical Biology, University of Bonn, Bonn, 
Germany, 5Institute for Immunology, University Hospital Hamburg-Eppendorf, Hamburg, Germany, 
6Institute of Virology, University Hospital Giessen and Marburg, Marburg, Germany 
 
Scrub typhus, caused by the obligate intracellular rickettsia-like bacterium Orientia (O.), 
tsutsugamushi, is a potentially fatal infection with high endemicity in Southeast Asia, for which only a 
limited number of antimicrobials is at hand. Corallopyronin A (CorA), a recently described agent 
isolated from the myxobacterium Corallococcus coralloides, inhibits the bacterial DNA-dependent RNA 
polymerase (RNAP) of an increasing number of bacterial species. We investigated whether CorA is a 
potential antimicrobial agent against O. tsutsugamushi using in vitro and in vivo methods.  
Standardized systems to test antimicrobial susceptibility of BSL3 level rickettsial pathogens are not 
available. We developed a 24 well-plate cell culture assay followed by Orientia-specific qPCR to 
monitor the effect on growth of O. tsutsugamushi Karp with and without treatments over a course of 8 
days. Using this readout, growth of O. tsutsugamushi was inhibited using a minimal inhibitory 
concentration (MIC) of 0.078 µg/ml. By fluorescence in situ hybridization targeting Orientia 16s 
ribosomal sequences, we confirmed growth inhibition.  
To investigate the therapeutic potential of CorA in vivo, we first used a lethal and a sublethal infection 
dose in an intraperitoneal (i.p.) infection model of BALB/c mice, and treated mice with 100 µg CorA 
daily, starting 1 day after the onset of symptoms from day 7 p.i., for a course of 7 days. 60% of CorA-
treated mice receiving the lethal infection dose were protected. In the sublethal model, survival could 
be increased from 20 to 100% by CorA treatment, and the disease course was significantly alleviated 
and shortened. Quantification of bacterial loads in spleen and ascites 2 days after treatment showed 
that CorA significantly reduced bacterial loads. In titration experiments, 100 µg CorA was the minimal 
daily dose with which 100% survival was achieved. We tried shorter treatment courses of 2, 4 and 6 
days and showed that 2 subsequent doses of 100 µg on day 6 and 7 p.i. were sufficient to protect from 
lethal infection. We then investigated whether a successful CorA treatment of O. tsutsugamushi 
infection required an adaptive immune system, and treated lethally i.p. infected SCID and Balb/c mice 
with 100 µg/d CorA. Surprisingly, only Balb/c mice were protected, suggesting that even under 
antimicrobial therapy, successful treatment of O. tsutsugamushi infection requires an adaptive immune 
response.  
We could thus show that O. tsutsugamushi is susceptible to the novel RNAP inhibitor CorA in vitro and 
in vivo. 100 µg/d CorA on 2 subsequent days of treatment were sufficient to protect from lethal 
courses. This high clinical susceptibility to CorA minimizes both toxic side effects and selection 
pressure on other bacteria. In summary, O. tsutsugamushi infections are a particularly interesting 
therapeutic target for CorA as an effective new antimicrobial agent that is effective at low doses and 
short term treatments. 
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Imaging platform under enhanced biosafety conditions 
V. Laketa, H.-G. Kräusslich 
University Hospital Heidelberg, Heidelberg, Germany 
 
We aim to organize a central imaging platform which will develop and apply different microscopy 
techniques under biosafety level 2 and 3. It will also link imaging activities from other DZIF TTUs and 
serve as an important training resource. We established 6 fully motorized microscope systems 
equipped with environment control boxes under biosafety level 2 or 3 conditions in the framework of 
Infectious Disease Imaging Platform (IDIP). IDIP supports wide range of modern microscopy 
techniques which include widefield, laser scanning confocal, spinning disc, TIRF, super-resolution 
(STED, RESOLFT), selective plane illumination microscopy (SPIM) etc. This enables DZIF scientist to 
use various advanced microscopy approaches to tackle their scientific questions.  
  
Training and support program has been arranged through an imaging related helpdesk 
(dzif.imaging@med.uni-heidelberg.de) and organization of practical microscopy workshops. Basic 
(“Essentials of widefield and confocal microscopy) and advanced (“Live-cell imaging of virus-host 
interactions”) microscopy workshops have been established. The workshops are advertised via the 
main DZIF office to all the DZIF members and are offered annually. This will be extended with other 
relevant microscopy workshops such as “Ethics in microscopy image data presentation and 
processing” and “Super-resolution microscopy in infectious disease research”. These measures 
promote the communication and awareness between DZIF researchers interested in using imaging 
technologies. Another established resource available to DZIF scientists is accessibility to high-
performance computer workstations and support on a specialised image analysis software such as 
Fiji, Imaris, ilastik or Volocity.  
  
An expansion of the current microscopy setup in the direction of BSL3-compatible selective plane 
illumination microscopy (SPIM) and 2-photon microscopy, as well as application of complex 3D 
cellular model system is planned to keep up with the newest imaging technologies relevant for 
infectious diseases research. Current training and support programme will be maintained and 
extended to ensure the effective dissemination of knowledge and valuable expertise in state-of-the-art 
imaging technologies and infectious diseases research. 
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HIV-1 infection increases the frequency of inflammatory slanDCs that produce high 
levels of IL-1β 
F. Ahmad, D.M. Tufa, D. Chatterjee, G. Ahrenstorf, R. Jacobs, R.E. Schmidt 
Clinic for Immunology and Rheumatology, Hannover Medical School (MHH), Hannover, Germany 
 
Introduction: Human immunodeficiency virus (HIV) infection is marked by phenotypic and functional 
alterations of immune cells including dendritic cells (DCs). SlanDCs comprise a major subpopulation 
of proinflammatory human blood DCs, and differ from other DC subsets due to their selective 
expression of 6-sulfo LacNAc1 (a carbohydrate modification of P-selectin glycoprotein ligand-1).  
  
Objective: Here, we explore the role of slanDCs in HIV-1 pathogenesis.  
  
Methods: We analyzed slanDCs by flow cytometry from fresh peripheral blood mononuclear cells 
(PBMCs) in 13 healthy donors and 31 HIV-1 infected patients (18 untreated and 13 treated). To 
evaluate the intracellular IL-1β expression in monocytes, mDCs, pDCs and slanDCs, PBMCs were 
cultured with 2mg/mL Brefeldin A in the presence or absence of LPS.  
  
Results: We observed a higher percentage of M-DC8+ slanDCs in the CD45+ PBMCs of untreated 
HIV-1 infected individuals compared to healthy donors. The increased frequency of slanDCs in 
untreated HIV-1 infected individuals again restored to the level of healthy controls after one year of 
antiretroviral treatment (ART). The absolute counts of slanDCs were also higher in untreated subjects 
compared to healthy donors, which was also restored to the level of healthy controls after one year of 
ART. Moreover, slanDCs in HIV-1 infected patients presented more activity through upregulated 
surface expression of CD40, CD80, CD86, HLA-DR and mTNF-α compared to healthy controls. We 
observed, a higher intracellular content of IL-1β in LPS stimulated slanDCs of HIV-1 infected 
individuals as compared to healthy controls, revealing direct correlation with viral load, MFI of M-DC8 
marker and activation of slanDCs. In healthy individuals, mDCs were as competent as slanDCs to 
produce IL-1β. In contrast, compared to mDCs, slanDCs from the same donors produced significantly 
higher levels of intracellular lL-1β in untreated HIV-1 infected individuals. ART treatment significantly 
normalizes mDCs function to produce intracellular IL-1β, however, significantly less when compared to 
slanDCs.  
  
Conclusion: We identified slanDCs as one of the main cellular IL-1β sources apart from monocytes in 
chronic HIV-1 infection, which adds another piece of knowledge for further understanding of IL-1β 
release and inflammasomes activation during HIV-1 infection.  
  
This study was supported by Deutsche Zentrum für Infektionsforschung (DZIF): TTU 04.802 and by 
Deutsche Forschungsgemeinschaft (DFG): SFB738/A5 
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Mi(cro)RNAs as clinically relevant host factors and target molecules in HIV-1 infection 
R. Müller1, 2, E. Fischer1, M. Hartmann3, P. Schnitzler1, H.-G. Kräusslich1, 2, D. Grimm1, 2, K. Börner1, 2 

1Department of Infectious Diseases / Virology, University of Heidelberg, Heidelberg, Germany, 
2German Center for Infection Research (DZIF) partner site Heidelberg, University of Heidelberg, 
Heidelberg, Germany, 3Heidelberg University Hospital, Dermatology, Universität Heidelberg, 
Heidelberg, Germany 
 
Concurrently miRNAs have become attractive from a clinical standpoint based on their frequent 
dysregulation in human diseases. Particularly interesting in this respect is accumulating evidence that 
miRNAs are secreted from somatic cells into easily accessible body fluids, where they likewise form 
signatures that may describe physiological or pathological states of the host (1). It is thus likely that a 
thorough characterization of miRNAs that are dysregulated in cells and extra-cellular fluids will yield 
novel biomarkers for infection disease monitoring. Consequently, we asked if and how a major 
pathogen, the human immunodeficiency virus HIV-1, would alter miRNA profiles in the blood of 
infected adult humans. We thus profiled a subset of miRNAs in HIV-1-infected individuals as well as in 
healthy age- and gender-matched controls, using microarrays. Interestingly, our data from this pilot 
study confirms that HIV-1 infection triggers a substantial dysregulation of miRNA expression in blood 
cells and especially cell-free miRNA signatures. For additional validation, we have now started to re-
analyze our samples by using a novel approach for detection and quantification of miRNAs that is 
based on "digital droplet PCR" (ddPCR) technology. The hallmark of this highly sensitive and standard 
curve-independent method is the initial use of microfluidics to partition the nucleic acid samples into 
nanoliter droplets. Following PCR amplification within each droplet, a specialized ddPCR reader 
calculates absolute template numbers per microliter (2). As the low concentrations of circulating 
miRNAs in Plasma samples are a remarkable challenge for miRNA profiling, we compared different 
RNA extraction methods to get the best yield of miRNAs. Further we tested commercial miRNA 
primers from different companies since the design for only 18- 22nt miRNAs can also be an issue. For 
a subset of whole blood samples we generated preliminary profiling data comparing 10 HIV-1 infected 
and 10 uninfected individuals by ddPCR. In this approach we could confirm perturbations of miRNA 
expression during HIV- 1 infection. Ideally, the combined results from our prior and upcoming work will 
yield a consistent picture of the miRNA alterations that occur during human HIV infection. In the long 
run, we expect our study to foster the use of plasma miRNA profiling by ddPCR as a reliable and 
powerful method that will benefit research on HIV biomarkers and antiviral therapies.  
 
1. Schüler, N., Langer, C., Döhner, H., Buske, C. & Kuchenbauer, F. Serum microRNAs as a novel 
class of biomarkers: A comprehensive review of the literature. Exp. Hematol. 38, 1126–1130 (2010)  
2. Hindson, C. M. et al. Absolute quantification by droplet digital PCR versus analog real-time PCR. 
10, (2013). 
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Env-specific IgG responses induced by identical and none-identical immunogen 
prime-boost vaccination strategies target different antigenic regions. 
Y. Nadai1, M. Ahmed1, 2, S. Joseph3, M. Missanga4, A. Bauer1, 4, A.V. Cope5, A. Joachim6, U. Reimer7, 
J. Zerweck7, G. Pollakis8, S. McCormack3, R. Tatoud9, R.J. Shattock5, M. Robb10, E. Sandstroem11, M. 
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1Department for Infectious Diseases and Tropical Medicine, Medical Center of the University of 
Munich (LMU), Munich, Germany, 2DZIF, Partner site Munich, Munich, Germany, 3Medical Research 
Council Clinical Trials Unit, University College London, London, United Kingdom, 4NIMR-Mbeya 
Medical Research Center, Mbeya, Tanzania, United Republic of, 5Division of Infectious Diseases, 
Imperial College London, London, United Kingdom, 6Department of Microbiology and Immunology, 
Muhimbili University of Health and Allied Sciences, Dar Es Salaam, Tanzania, United Republic of, 
7JPT Peptide Technologies, Berlin, Germany, 8Institute of Infection and Global Health, University of 
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A better understanding of the parameters influencing vaccine-induced IgG recognition of antigenic 
regions and their variants within the HIV Envelope protein (Env) can help to improve design of 
preventive HIV vaccines.  
  
Env-specific IgG responses were mapped using plasma samples from UKHVC_003 (n=25 from UK) 
and TaMoVac01 (n=17 from Tanzania). Both trials tested vaccination strategies consisting of DNA 
priming followed by two boosts with Modified Vaccinia Ankara (MVA) and recombinant CN54gp140 
adjuvanted with glucopyranosyl lipid (GLA-AF), administered either concurrently with MVA or as two 
additional boosts. In UKHVC_003, Env sequences were largely matched and based on the clade C 
isolate CN54, whereas in TaMoVac01 they were not matched and from clades A,B,C and E. The 
microarray included 8 full-length globally representative Env sequences, CN54gp140 and MVA-CMDR 
encoded Env immunogens, and additional peptide variants for hot spots of IgG recognition.  
  
Four weeks post final vaccination, the pattern of Env- IgG antigenic region recognition differed 
between the two trials. Importantly, mean magnitude recognition and cross-recognition of antigenic 
variants was significantly higher in UKHVC_003 vaccinees, with V3 region and individual peptides 
within gp120 (starting with amino acids HxB200, 245, 473 & 491) frequently targeted in both trials. By 
contrast, the V2 region (HxB164) and the gp41 Immunodominant region were targeted exclusively by 
TaMoVac 01 vaccinees where V2-specific responses peaked after the second MVA-CMDR boost. 
Three N-terminal regions of gp120 (HxB74, 104-109, 117 - 121) were targeted exclusively in 
UKHVC_003 participants.  
  
IgG peptide recognition of envelope regions differed between two trials with different immunisation 
regimens, this may prove important for future vaccine design. 
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Functional inactivation of the HIV-1 provirus using AAV-delivered CRISPR/Cas 
M. Nickl1, K. Börner1, 2, F. Schmidt1, V. Laketa1, 2, D. Grimm1, 2, H.-G. Kräusslich1, 2 

1Department of Infectious Diseases/Virology, Heidelberg University Hospital, Cluster of Excellence 
CellNetworks, Heidelberg, Germany, 2German Center for Infection Research (DZIF), partner site 
Heidelberg, Heidelberg, Germany 
 
Highly active antiretroviral therapy reduces the viral load in HIV-1-infected patients below detection 
limit, but cannot achieve a cure since interruption of treatment leads to a rapid rebound of viral load 
from latent reservoirs such as long-living resting CD4+ T cells. Therefore, the aim of this project is to 
specifically cleave and thereby functionally inactivate the HIV proviral genome with CRISPR/Cas 
delivered into target cells with adeno-associated viral (AAV) vectors. Hence, g(uide)RNAs were 
designed to target either the HIV-1 long terminal repeats (LTRs) or protein-coding regions. To analyze 
if our LTR-binding gRNAs could reduce LTR promoter function we transduced a HeLa-derived reporter 
cell line containing an integrated HIV-1 provirus with two LTR-targeting gRNAs and Cas9. Cloning of 
the LTR sequences into a luciferase reporter plasmid revealed a reduction of promoter function of up 
to 85% for 11 out of 13 clones. As these two gRNAs are binding in or near the HIV-1 trans-activation 
response (TAR) element, we analyzed the effect of the mutations in these clones on TAR folding. 
Indeed, the clones with reduced promoter activity showed impaired folding of the TAR element. To 
target different proviral sites simultaneously we designed seven vectors co-expressing different 
combinations of three gRNAs. Using a T7 endonuclease-based assay we confirmed cleavage at all 
target sites in JLat T cells, a commonly used model of HIV latency. Furthermore, imaging of the cells 
revealed a reduction of GFP expression and thereby HIV-1 proviral expression after CRISPR 
treatment. Transduction of a HeLa-derived cell line with our CRISPR vectors prior to HIV-1 infection 
led to a reduction of infected cells by over 90%. To analyze the viral particles produced from these 
cells we infected C8166 cells with the supernatants and found a reduction of infectious units per ml of 
more than 100-fold after 9 days.  
In summary our results show that our CRISPR system effectively reduces LTR promoter function and 
allows for simultaneous cleavage at up to three target sites. This enables a protective effect against 
HIV-1 infection, reduction of infectious virus produced over a period of 9 days and finally a functional 
inactivation of the HIV-1 provirus in latently infected T cells. 
 
 
 
 
 



TTU HIV 

 66 

P 6 
 

Is persistent HIV viremia still an ongoing problem of antiretroviral treatment? 
D. Schmidt1, 2, C. Kollan2, A.-K. Neuhauss2, O. Hamouda2, V. Bremer2, B. Bartmeyer2 
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Institute, Berlin, Germany 
 
Background: Despite of effective antiretroviral therapy (ART), persistent viremia (viral load > 50 
copies/mL) mainly caused by drug resistance or adherence problems remains an ongoing issue in HIV 
treatment. The proportion of patients chronically infected with HIV recorded with persistent viremia in 
the population should be monitored to evaluate effectiveness of ART. The ClinSurv HIV cohort study is 
a clinical surveillance tool of 15 HIV treatment sites to in Germany. Information on clinical status, 
laboratory results and therapy is collected and sent to the RKI biannually. The aim of the study is to 
evaluate the proportion of patients infected with HIV under continuous ART with persistent viremia in a 
large observational cohort study in Germany.  
 
Materials & Methods: Data from the German ClinSurv HIV cohort from 01.01.1999 - 31.12.2014 were 
obtained. For the analysis of plasma viremia in the study population a 30 day grid model was used to 
close gaps between documented viral load measurements. A period of 180 days was determined as 
time between antiretroviral treatment initiation and viral outcome (viral suppression: VL< 50 copies/ml). 
Persistent viremia was defined as two consecutive viral load measurements with >50 copies/ml within 
180 days or one viral load measurement with >1000 copies/ml. Monitoring gaps of ≤ 180 days where 
closed with a model equation. Patients with >180 day gaps received 12 days extra time before and 
after a measurement day to obtain more person time.  
 
Results: 24,231 HIV patients (19,231 men and 4,958 women) were included into the analysis. 20,484 
(84.5%) of the patients received ART, 3,747 (15.5%) were missing or treatment naïve patients. In 
1999, of the patients with VL measurements 43.6 % (757 person years, PY) of patients on first-line 
therapy and 46.1 % (985 PY) of patients with documented therapy time in all ART lines showed 
persistent vireamia in the ClinSurv HIV cohort (assuming patients with no VL information where 
equally distributed).  
In comparison in 2014, the proportion of patients with persistent viremia declined to 5.9 % (335 PY) in 
patients on first line treatment and 7.4 % (551 PY) in patients on any ART line. 
 
Conclusions: From 1999 to 2014 the proportion of patients receiving ART in the ClinSurv HIV cohort 
with persistent viremia decreased remarkably. In light of the UNAIDS 90-90-90 target treatment in the 
ClinSurv HIV cohort is successful. The reasons treatment failure might be drug resistance, non-
adherence or false documentation regarding treatment interruption. 
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HIV-1 latency reversal and HIV-1 infection measured by a novel flow-based technique 
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Background: HIV-1 establishes a pool of persisting latently infected cells upon infection and novel 
therapies aim to reactivate the latently infected cells to make them visible for immune cells. However, 
the reactivation kinetics of viral mRNA and viral protein production remain largely unknown as well as 
the cellular phenotypical consequences. We designed a methodology to assess the dynamics of HIV-1 
latency reactivation and HIV-1 infection on the single-cell level to differentiate cells in which only viral 
mRNA is being produced from cells in which viral proteins or novel HIV-1 viruses are being produced.  
 
Methods: J89 cells, containing a full copy of HIV-1, were used as an HIV-1 latency model and were 
stimulated at several time points (ranging from 0 hr to 48 hrs) with hTNFα and Romidepsin (RMD). 
Results were compared to real-time PCR targeting HIV-1. Isolated and activated cells from HIV-1 
infected individuals as well as cells from healthy donors infected with HIV-1 in vitro were used to 
measure the levels of viral mRNA. Using a fluorescent in situ hybridization flow cytometry technique, a 
combined cell surface staining, intracellular staining for p24 Gag protein and gag mRNA was 
performed.  
 
Results: Stimulation of J89 cells with 10 ng/mL of hTNFα for 3hrs and with 5nM of RMD for 12hrs let to 
moderate HIV-1 gag mRNA expression detection. Longer incubation times with both treatments 
increased the expression of HIV-1 gag mRNA as well as intracellular Gag protein synthesis. Both 
treatments downregulated the CD4 receptor on the cell surface following HIV-1 reactivation. The 
measurement of viral mRNA post-latency reactivation with RMD or hTNFα matched the real-time PCR 
results. In primary cells, the background signal with uninfected PBMCs was in average 1 in 200 cells 
(0.5%). In in vitro HIV-1 infection of CD4+ cells, the production of viral mRNA was induced 24hrs post-
infection, which increased over time and shifted towards a double-positive viral mRNA/protein 
population at 72hrs. Moreover, CD4, BST-2 and HLA-ABC cell surface expression decreased as viral 
mRNA/protein production increased. Measurement of viral mRNA in latency-reactivated PBMCs from 
HIV-1-infected individuals under therapy did not exceed the background detection level.  
 
Conclusion: We here describe a novel fluorescent in situ hybridization allowing quantifying the kinetics 
of HIV-1 mRNA, HIV-1 protein synthesis and phenotypical alterations in a single cell following latency 
reactivation and HIV-1 infection using flow cytometry. Our data indicated that the technique is currently 
not sensitive enough to detect the frequency of HIV-1-infected cells in primary samples from HIV-1-
infected individuals. However, we demonstrate that this technique is a suitable tool to perform kinetic 
studies of HIV-1 infection and reactivation on the mRNA and protein level using in vitro infection 
models. 
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Efficient and Safe Genome Editing by AAV-mediated Delivery of HIV-1 LTR-specific 
Recombinase Brec1 into Human Hematopoietic Stem Cells 
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Current drugs against HIV cannot clear the patient from the virus. Therefore, finding a cure for HIV 
infection remains a high priority of HIV/AIDS research. We recently generated Broad Range 
Recombinase 1 (Brec1), a tailored recombinase applicable to the majority of HIV-1 infections by the 
various virus strains and subtypes. Brec1 removes efficiently, precisely and safely the integrated 
provirus from infected cells. Moreover, Brec1 acts efficaciously on clinical HIV-1 isolates in vitro and in 
vivo, particularly in humanized mice that were “personalized” with patient-derived cells.  
For clinical application in the context of future curative HIV-1 therapy strategies, we here develop 
advanced adeno-associated virus (AAV)-based Brec1 delivery systems. AAV-based vectors are 
considered as one of the most promising vector system for human gene therapy. They transduce 
dividing and non-dividing cells, show a low immunogenicity, possess a high stability and can be 
produced at high titers. Here, we use a unique feature of wild-type AAV, i.e. its ability to integrate AAV 
genomes site-specifically into AAVS1 (adeno-associated virus integration site 1), a safe habour for 
transgene integration on human chromosome 19. We thereby aim to stably modify hematopoetic stem 
cells with Brec1 with intention to provide patients with a pool of CD4-positive cells protected against 
HIV. We previously established a protocol for AAV2-mediated transduction of CD34+ cells yielding up 
to 60% of transgene expressing cells. Employing rational design strategies, AAV capsid variants were 
developed and compared to AAV2. None of these variants outperformed AAV2 in infectivity. Switching 
serotypes, however, enhanced efficacy significantly. Following identification of the most efficient 
serotype, we are currently establishing proof-of-concept for Rep-mediated site-specific integration of 
Brec1 in AAVS1. 
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cells) by a novel Droplet Digital PCR based approach. 
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Introduction: The role of the regulatory T cell subset (Treg) as a reservoir site of HIV-1 in patients on 
chronic retroviral therapy is unclear to date. Existing reports have analyzed the importance of Treg as 
viral reservoir site as compared to non-Treg CD4+ cells. In light of recent progress in the field, we re-
evaluated the HIV-1 burden in Treg in comparison to central and effector memory cells (Tcm and 
Tem) using Droplet Digital PCR (ddPCR) technology, including quantification of replication competent 
virus by viral outgrowth assay.  
  
Methods: Peripheral blood mononuclear cells were obtained from 10 HIV patients on chronic 
antiretroviral therapy and one HIV elite controller. We used ddPCR to quantify proviral DNA loads in 
FACS sorted CD4+ Treg (CD25+CD127lo) as compared with Tcm (CD45RO+CCR7+) and Tem 
(CD45RO+CCR7). In a subset of patients, we performed fully quantitative viral outgrowth assays to 
measure replication competent virus, using novel ddPCR based readout.  
  
Results and Discussion: In all cases we have been able to quantify proviral DNA loads in all cellular 
subsets investigated. In contrast to earlier studies comparing Treg with all non-Treg CD4+ cells, we 
found no difference in the HIV reservoir as measured by proviral DNA copies/million cells associated 
with Treg when compared to Tem and Tcm cells. Viral outgrowth was only detected in 2/5 cases for 
Treg, in spite of similar proviral DNA loads compared to the other subsets, and even though cell 
activation was determined to be complete in all investigated subsets.  
  
Conclusions: Droplet Digital PCR represents a novel tool to quantify proviral HIV DNA levels in sorted 
CD4+ populations, and may also be used as a readout for quantification of the replication competent 
viral reservoir. We could not confirm Treg as a preferred viral reservoir in chronic HIV disease; 
however transcriptional reactivation of proviral HIV in the Treg subset should be investigated in more 
detail. 
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Wuchereria bancrofti infection doubles HIV incidence in Southwest Tanzania; a 
prospective cohort study 
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Background: The last decades have seen an ongoing controversial debate of whether the immune 
activation induced by helminths has an impacton the susceptibility to human immunodeficiency virus 
(HIV).  
Methods: The incidence of HIV in individuals with and without history of lymphatic filariasis (LF) was 
determined in a population-based cohort in Southwest Tanzania. Randomly selected subjects of all 
ages were followed for four years and tested for HIV and circulating filarial antigen (CFA), an indicator 
of Wuchereria bancrofti adult worm burden, the pathogen causing LF in Africa. In addition T cell 
activation marker were measured in CFA positive individuals and compared with CFA negatives.  
Findings: Amongst 1,055 initially HIV-negative adolescents/adults with clearly determined LF-status, 
32 HIV new infections were observed amongst 2626 person years. HIV incidence in LF-positive 
subjects (1•91 cases per 100 person-years) was significantly higher than the incidence in LF-negative 
subjects (0•80 cases per 100 person-years). The age and gender adjusted incidence rate ratio was 
2•17 (95% CI = 1•08 to 4•37, p = 0•0300). LF-status remained an independent and significantly 
relevant risk factor for HIV infection when controlled for other known risk factors such as sexual 
behavior and socio-economic factors. Measuring HLA-DR and CD38 on CD4 and CD8 T cells, 
showed an elevation of T cell activation in CFA+ individuals.  
Interpretation: To our knowledge this is the first prospective study demonstrating a significantly 
increased risk of acquiring HIV for LF infected individuals. We hypothesize that the known long 
disease duration of LF enables the postulated T cell activation mechanisms to come into effect and 
cause increased HIV susceptibility. More immunological studies as well as interventional treatment 
studies that eliminate the adult worms and not only the microfilariae are needed to follow up on the 
results presented. 
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Abstract  
  
Background: The potential toxicity of long-term antiretroviral treatment (ART) requires ongoing 
investigation of novel strategies for treatment of HIV-infected patients. Monotherapy with the integrase 
inhibitor (INSTI) dolutegravir (DTG) may offer a favorable safety profile. Additionally, DTG has a high 
barrier of resistance, crucial for successful maintenance of virologic control. However, published data 
is sparse.  
 
Methods: Retrospective, single-center cohort study. We enrolled patients on suppressive ART who 
were switched to DTG monotherapy in routine clinical practice and fulfilled the following inclusion 
criteria: HIV RNA level <50 copies/mL for ≥6 months at time of switch (one blip <200 copies/mL with 
re-suppression accepted), no known INSTI resistance or prior INSTI failure, no replicative hepatitis B 
virus infection, and no history of AIDS.  
 
Results: We identified 31 patients with 24-weeks of follow-up data. Previous ART included an NNRTI, 
a boosted PI, or an INSTI in 32%, 6% and 61% of patients, respectively. At week 24, HIV RNA 
remained <50 copies/mL in all but two patients (94%). One patient chose to discontinue DTG 
monotherapy, and another developed confirmed virologic failure (HIV RNA 538 copies/mL) with new 
INSTI mutations (Q148H/G140S). Immune status and renal and metabolic function showed no 
statistically significant changes, apart from a significant decrease in GGT.  
 
Conclusions: De-escalating to DTG monotherapy in selected patients might be safe and feasible 
option. However, in one case evolution of INSTI resistance was observed. Further studies should 
assess particular risk factors for DTG monotherapy failure. In the meanwhile, caution is warranted.  
  
Running head: DTG monotherapy de-escalation in suppressed HIV-infected adults 
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Implementing novel strategies for the analysis of B cell responses to infectious 
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Detailed dissection of the B cell receptor (BCR) repertoire is critical for the understanding of antibody 
responses to pathogens, for informing on vaccine strategies, and for the isolation of neutralizing 
antibodies targeting infectious pathogens. Based on previous advances in single B cell cloning 
techniques we set out to establish improved protocols for the isolation of neutralizing antibodies and 
the analysis of the BCR repertoire. To this end, we adapt recently published RNA-sequencing 
methods that have used microfluidic-based single-cell encapsulation in nanodroplets together with 
unique molecule identifiers (UMIs). Starting from bulk-sorted B cell subsets, this method allows high-
throughput generation of antibody heavy and light chain gene segments that can be analyzed by 
parallel sequencing and assigned to each individual cell by its UMI. Despite the advantage of high-
throughput and low consumption of reagents, micro-encapsulation techniques require a large number 
of cells and are therefore only suitable for analysis of larger B cell subsets. In addition, we establish 
strategies to better identify pathogen-specific B cells with neutralizing activity. To this end, we use 
single B cell sorting strategies that facilitate baits mimicking pathogen surface markers including 
pathogen-specific lentiviral particles. In case of HIV 1, lentiviral particles encode for the native 
envelope trimer accompanied by the expression of a fusion molecule that is derived from a sindbis 
virus. Lentiviral particles can infect HIV-1 envelope specific B cells and confer GFP expression 
allowing the isolation by single-cell sorting. Implementing new strategies for B cell isolation and BCR 
analyses will provide more effective approaches to identify novel broadly neutralizing antibodies and to 
inform on effective vaccine strategies. 
 
 
 
 
 



TTU HIV 

 73 

P 13 
 

Immune Pressure in HLA-B27+ Elite Controllers Leads to Higher Susceptibility of HIV 
to Interferon Mediated Restriction 
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Background: Type1 interferons (IFNs), including IFNα, upregulate cellular innate sensors with some 
acting as host restriction factors in CD4+ cells to suppress HIV-1. Data from transmitted/founder 
strains and from non-human primates have shown that HIV-1 strains can differ in their sensitivity to 
IFNα mediated restriction. Furthermore, HLA-B27+ “Elite Controllers” have been suggested to control 
HIV-1 viremia through specific cytotoxic T-cells (CTL) which exert strong immune selection pressure 
on the virus resulting in CTL-escape mutations. We recently showed that escape mutations within p24 
gag capsid can impact viral fitness through the modulation of capsid stability. The aim of this study 
was to determine whether the HLA-B27-restricted CTL escape mutation R264K (RK) in p24 Gag and 
the compensatory mutations R264K+L268M (RK+LM) and S173A+L268M+R264K (SA+RK+LM) 
observed in HLA-B27+ Elite Controllers influence the sensitivity of HIV-1 to IFNα-induced restriction of 
replication.  
  
Methods: Site-directed mutagenesis of an HIV1 NL4-3Δenv strain expressing GFP was performed to 
introduce the p24 Gag mutations RK, RK+LM and SA+RK+LM. Viral titers were normalized by qPCR. 
Viral fitness was assessed in PBMCs +/- Cyclosporin A (CsA, inactivates Cyclophilin A (CypA)) and in 
Jurkat T-cells and Jurkat T-cells with a CypA knockdown (Jurkat CypA-/-). For IFNα-sensitivity assays, 
HIV-1 GFP-infected Jurkats and Jurkat CypA-/- T-cells were pre-incubated with increasing doses of 
IFNα. Infectivity and activation of Jurkat cells was measured using flow cytometry.  
  
Results: The infection rates for RK and RK+LM mutations were higher in Jurkat CypA-/- compared to 
Jurkat. In contrast, the infection rate of the WT and the SA+RK+LM mutations were reduced if CypA 
was absent (Fig.1). Infection rates of Jurkat cells decrease in a dose dependent manner as the 
concentration of IFNα increases. The infection rate was moderately suppressed by increasing IFNα in 
WT and SA+RK+LM infected Jurkat cells (19.4% and 22.1%, respectively). RK and RK+LM infected 
Jurkat cells were more sensitive to IFNα (40.8% and 35.1%, respectively). In contrast, no differences 
were observed in the infection rate of Jurkat CypA-/- cells (WT, RK, RK+LM, SA+RK+LM was 49.6, 
53.8, 37.9 and 42.2, respectively) (Fig. 2).  
  
Conclusion: The loss of infectivity in WT if CypA is absent indicates that wildtype HIV-1 is CypA 
depended. The WT shows a larger IFNα mediated decrease in infection rate in Jurkat CypA-/- 
compared to Jurkats, demonstrating that the CypA capsid interaction renders the virus rather IFNα 
resistant. In contrast RK escape mutation and the early compensatory mutation RK+LM are relatively 
CypA independent and show a stronger IFNα mediated suppression in Jurkats.  
 
 
(see next page) 
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By the addition of the SA mutation (then SA+RK+LM) as seen in HLA-B27+ patients later during their 
disease the virus gets its ability back to get shuttled through the cytoplasm via CypA, like wildtype 
HIV-1, explaining its ameliorated viral fitness.  
  
 

 
 
 

 
 
 

Infection rates in Jurkat and Jurkat CypA-/- 
cells by different p24 Gag mutations and 
wildtype (WT) 

 
Infection rates get decreased by increasing amounts of IFNalpha. 
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Oxidative stress plays an important role in many aspects of virus/host interaction, but its role in 
survival of latently infected cells has been largely unexplored. To provide a causal link between viral 
latency/infected-cell survival and the antioxidant state of the cell, we explored the intracellular 
antioxidant defenses of latently HIV-infected cells by inhibiting the main antioxidant defenses [i.e. the 
thioredoxin (Trx) and the gluathione (GSH) systems]. We used several models of HIV-1 latency, based 
both on cells lines and on primary cells and representative of several cellular lineages likely to harbor 
latent HIV during ART. In order to obtain a picture as broad as possible of the effects of the role of 
oxidative stress in latently infected cells, we tested the Trx reductase inhibitor auranofin and the GSH 
inhibitor buthionine sulfoximine (BSO), We found that combined treatment with auranofin and BSO 
induced some degree of viral reactivation (Friedman’s post-test following one-way ANOVA: P = 
0.0026). Of note, from the same experimental setup, it also emerged that the auranofin/BSO 
combination induced selective killing of HIV reservoir cells (Tukey’s post-test following two-way 
ANOVA: P = 0.0047) leaving matched uninfected controls partially unaffected (P = 0.0580). These 
data are consistent with previous in-vivo experiments, conducted in chronically infected macaques, 
which showed that the addition of auranofin and BSO to antiretroviral therapy leads to viral reservoir 
reduction and long-term post-therapy control of viremia [Shytaj et al. Retrovirology 2013 and Journal 
of Virology 2015].  
To further explore the translational potential of our results, we performed experiments on patient 
derived CD4+ T-cells. As in these cell cultures a comparative analysis (infected vs. control) is not 
possible, due to the low frequency of HIV-1-infected cells, we tested the relative sensitivity to oxidative 
stress at a single cell level. Results showed that HIV DNA was significantly decreased by the 
combined auranofin/BSO combination and was lowered to < 10 copies*10^6 cells upon auranofin and 
BSO treatment in three out of four experiments from four different donors (Friedman’s post-test 
following one-way ANOVA: P = 0.0416). Two of these cell cultures showed loss of the signal after 
auranofin/BSO treatment. We conclude that auranofin and BSO show potential for selective HIV 
infected cell killing. These results support the rationale for further testing the anti-reservoir potential of 
auranofin and BSO and eventually pave the way towards a clinical trial. 
 
 
 
 
 



TTU HIV 

 76 

P 15 
 

Chimeric Antigen Receptor T Cells using Broadly Neutralizing Antibodies to Target 
HIV-1 
H. Gruell1, 2, 3, F. Bach1, H. Janicki1, F. Klein1, 2, 3 

1Laboratory of Experimental Immunology, Center for Molecular Medicine Cologne, University of 
Cologne, Cologne, Germany, 2Department I of Internal Medicine, University Hospital Cologne, 
Cologne, Germany, 3German Center for Infection Research, Partner site Bonn-Cologne, Cologne, 
Germany 
 
Chimeric antigen receptor (CAR) T cells are engineered to target cells expressing disease-associated 
epitopes in an HLA-independent manner. A growing body of evidence demonstrates the potential of 
CAR T cell therapy in humans, in particular for the treatment of chemotherapy-refractory hematologic 
conditions, including lymphoma and leukemia.  
 HIV-1 infection induces a strong T cell response that generally fails to control viremia, prompting initial 
studies of CAR T cells conducted two decades ago. While these trials highlighted the safety and 
longevity of CAR T cells in an HIV-1-infected population, no significant antiviral effects were achieved. 
Recently identified highly potent broadly neutralizing antibodies (bNAbs) targeting the envelope 
protein of HIV-1 (Env) are defined by their remarkable neutralizing potency and activity against a large 
number of circulating viral strains. We aim to revise the concept of CAR T cell therapy in HIV-1 
infection by combining bNAb-derived single chain variable fragments (scFvs) as receptor component 
with advances in the design of intracellular signaling domains. To screen for promising receptor 
candidates, we compare scFv-IgG4s and full-length antibodies for binding to HIV-1 Env, neutralizing 
capacity, and autoreactivity. A total of ten anti-HIV-1 scFv domains were selected from a panel of 
bNAbs targeting different envelope epitopes, including the CD4-binding site, the membrane proximal 
region of gp41, the V1/V2 loop, and a glycan-dependent epitope on the V3 stem. CAR T cells 
expressing scFv domains of interest will be generated by lentiviral transduction of primary T cells and 
evaluated for cytotoxic activity in vitro and in HIV-1-infected humanized mice. 
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Non-pathogenic HIV-infection in children: Impact of immune activation, immune 
exhaustion, broadly neutralising antibodies and viral reservoirs on disease 
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Paediatric HIV infection is typically characterised by rapid progression to AIDS and death in the 
absence of HAART. However, there is a subset (5-10%) of antiretroviral therapy-naïve HIV-infected 
children who remain clinically healthy, maintaining normal-for-age CD4 T-cell counts throughout 
childhood defined here as ‘paediatric non-progressors’ (PNPs). To identify mechanisms preventing 
HIV disease progression we studied a cohort of 170 HIV-1 Clade C infected PNPs recruited from 
multiple clinical sites across South Africa and the United Kingdom.  
  
In contrast to adults where HIV long-term non-progression is mostly associated with low to 
undetectable viral load levels, paediatric non-progressors maintained normal-for-age CD4 T-cell 
counts despite persistently high viremia (median 26,000 HIV copies/ml) (Fig 1). T-cell and monocyte 
activation was increased in progressor children but remained at levels similar to HIV-uninfected 
children in PNPs. The CD4+ and CD8+ T-cell compartment in progressors, but not PNPs, was 
differentiated towards pro-inflammatory effector memory phenotypes with high levels of immune 
exhaustion and loss of polyfunctional cytokine responses. HIV specific T-cell responses and potent 
broadly neutralising antibody (bnAb) responses were detected in both, progressor and non-progressor 
children (bnAbs in 72% of paediatric subjects versus 19% of infected adults, p<0.0001), but non-
progression in paediatric infection was independent of these HIV-specific immune responses.  
However, we observed low levels of CCR5 expression and limited HIV infection in long-lived stem cell 
memory and central memory CD4+ T-cells in paediatric non-progressors in association with higher 
frequencies of these T-cell subsets (p<0.0001 versus progressor controls) (Fig 2), suggesting a 
mechanism contributing to the maintenance of normal-for-age CD4 T-cell counts despite persistently 
high viremia.  
These data indicate that the mechanisms of HIV non-pathogenesis in paediatric infection are distinct 
from those in adults, where disease non-progression is typically linked to viremic suppression in the 
presence of ‘protective’ HLA class I-mediated virus-specific immunity; but reminiscent of the natural 
hosts of SIV infection, such as the sooty mangabey, in which non-pathogenesis is independent of 
strong virus-specific immunity and characterised by low systemic immune activation despite 
persistently high viremia. 
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Background: Interferon-free direct acting antiviral (DAA)-based combination regimens achieve high 
sustained virologic response (SVR) rates of more than 90% in patients with chronic hepatitis C virus 
(HCV) infection. However, resistance-associated variants (RAVs) were shown to be associated with 
treatment failure in several HCV genotypes (GT). In this study, the prevalence and characteristics of 
RAVs were investigated in DAA-naïve and –experienced patients using a large European resistance 
database.  
 
Methods: Serum samples were collected of 3990 patients. Infection occurred with GT 1a (n=1632), 1b 
(n=1501), 1c/e (n=7), 2 (n=125), 3 (n=558), 4 (n=158) 5 (n=7) and 6 (n=2). We investigated RAVs 
which were shown to be associated with treatment failure or conferred a >2 fold changed drug 
susceptibility in a replicon phenotypic assay within NS3, NS5A and NS5B using population-based 
sequencing. In total, 2214 individuals were DAA-naïve and 538 patients exhibited a virologic failure to 
sofosbuvir (SOF)/RBV±PEG, SOF/simeprevir (SMV), SOF/daclatasvir (DCV), SOF/ledipasvir (LDV) or 
3D ((paritaprevir (PTV)/ombitasvir (OMV)/dasabuvir (DSV)).  
 
Results: The rate of RAVs in DAA-naïve patients with GT1 was 20% in NS3, 16% in NS5A and 27% in 
NS5B. The prevalence of pre-existing RAVs was variable in HCV GT2 and 4 because of the frequent 
natural occurrence of NS5A RAVs. In patients with GT3 the baseline frequency of Y93H was only 2%. 
Interestingly, after failure to SOF/RBV±PEG L159F was selected within NS5B of GT1b and GT3 
infected patients. The relevance of this variant for the efficacy of DAA retreatment is until now unclear. 
After the administration of DCV, LDV or OMV containing regimens in GT1, NS5A RAVs were 
frequently observed (70-90%). Dependent on the NS5A inhibitor, distinct patterns of M28, Q30, L31 
and Y93 variants were selected in GT1a, while in GT1b mainly Y93 variants were detected. After 
failure to NS3 protease inhibitors characteristic RAVs patterns with a partial overlap were observed for 
SMV (Q80K, R155K, D168E/NV) and PTV (Y56H, R155K, D168E/N/V). In GT3-infected individuals, 
Y93H increased from 2% in DAA-naïve to 73% in patients with DCV/SOF failure whereas no selection 
of RAVs was observed after LDV/SOF failure in patients with GT3. Moreover, we identified 10 patients 
with a virologic failure to at least 2 consecutive interferon-free DAA-based treatments. 
 
Conclusions: The appearance of characteristic RAVs in DAA target regions of all genotypes is 
associated with virologic treatment failure. We detected typical patterns of RAVs for the different 
DAAs, drug classes as well as HCV geno- and subtypes enabling a selection of effective salvage 
regimens. However, few individuals exhibited a failure to at least 2 interferon-free DAA-based drug 
regimens. 
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Longitudinal changes in peripheral CD4+ regulatory T cells upon treatment of chronic 
hepatitis C with direct-acting antivirals 
B. Langhans, H.D. Nischalke, B. Krämer, A. Hausen, L. Dold, P. van Heteren, J. Nattermann,  
C.P. Strassburg, U. Spengler 
Department of Internal Medicine I, University of Bonn, Bonn, Germany 
 
Background & Aims: CD4+CD25+Foxp3+ regulatory T cells (Tregs) gradually expand during chronic 
hepatitis C virus (HCV) infection, inhibit antiviral immune response, promote fibrosis and may 
ultimately facilitate liver cancer. Directly acting antivirals (DAA) have revolutionized HCV therapy, but 
unlike interferons (IFNs), do not affect immunity. Thus, it is unclear if DAA can reverse increased 
Tregs and their activity. Here, we compared long-term evolution of Tregs in HCV-infected patients 
treated with sofosbuvir (SOF) and pegylated IFN/ribavirin (RBV) versus patients treated with IFN-free 
DAA regimens.  
 
Methods: Using multi-color flowcytometry we analyzed Tregs in the blood of genotype-1-infected 
patients before (baseline), at the end of therapy (EOT), 12 weeks (=SVR12), 24 weeks (=SVR24) and 
long-term (51±14 weeks) after EOT, respectively, and compared 12 week therapy with SOF plus 
IFN/RBV (n=12) versus SOF plus daclatasvir or simeprevir, respectively (n=14). Blood from healthy 
age-matched donors were analyzed as controls.  
 
Results: Our long-term analysis revealed that after treatment with IFN-free and IFN-based SOF 
regimens Treg frequencies stabilized at -15% (p=0.040) and -25% (p=0.002) below baseline levels, 
respectively. However, these frequencies remained still 35% (p=0.032) and 44% (p=0.001) above 
those of normal controls (2.8±0.1%), respectively. Unlike IFN-free therapy, which induced continuous 
decline of Tregs, during SOF plus IFN/RBV there was a transient flare of Tregs (+23%, p=0.001), 
which were activated (GARP: +29%, p=0.012; OX-40: +36%, p=0.001; Tim-3: +18%, p=0.005) and 
upregulated expression of contact-dependent inhibitory effector molecules CTLA-4 (+35%, p=0.001) 
and GITR (+19%, p=0.017). Moreover, Tregs expressed significantly more galectin-9 on their surface 
(+30%, p=0.013; ligand of Tim-3) corresponding to increased galectin-9 serum levels (+72%, p=0.002) 
during therapy with SOF plus IFN/RBV.  
 
Conclusions: IFN-based therapy with SOF and RBV leads to transient expansion of activated Tregs, 
which seems to reflect contact-dependent anti-inflammatory counter-regulation in response to IFN-
induced immunostimulation. This response may blunt antiviral treatment efficacy of IFN-based 
therapy. In the long-term, however, both IFN-based and IFN-free DAA regimens only moderately 
reduced frequency and activation of Tregs, which persisted at substantially elevated levels over 
healthy controls. 
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Region specific prevalence of serologic markers for hepatitis virus types A-E in 
refugees and asylum seekers in northern Germany in 2015 
P. Solbach1, 2, 3, A. Jablonka3, 4, M. Wöbse1, M.P. Manns1, 3, R.E. Schmidt3, 4, H. Wedemeyer1, 3,  
M. Cornberg1, 3, G. Behrens3, 4, S. Hardtke1, 3 

1Dep. for Gastroenterology, Hepatology and Endocrinology, Hannover Medical School, Hannover, 
Germany, 2Institute of Medical Microbiology and Hospital Epidemiology, Hannover Medical School, 
Hannover, Germany, 3German Center for Infection Research, Partner site Hannover-Braunschweig, 
Hannover, Germany, 4Department of Clinical Immunology and Rheumatology, Hannover Medical 
School, Hannover, Germany 
 
Backround: Migration due to miscellaneous political crisis in countries in the middle east and Africa is 
a global challenge for whole Europe from an economic, social, and public health point of view. 
Currently only vague estimates of seroprevalence status of hepatitis A-E in refugees arriving in 
Germany during the current refugee crisis exists. Evidence based data are urgently needed regarding 
health risks and burdens to health systems.  
 
Methods: 604 subjects who enrolled at a single reception center from 2-68 years, were tested for the 
prevalence of serologic markers for hepatitis virus types A, B, C, D, and E (HAV, HBV, HCV, HDV, 
HEV) respectively. In addition HBV DNA or respectively HCV RNA were determined in HBsAg or anti 
HCV Ag positive subjects.  
 
Results: Blood samples of consecutive 604 refugees at a single reception center were analyzed for 
serological markers of hepatitis A-E. 76.8% of the refugees were male and the median age for men 
was 26 (IQR 20-33) years and for women 30 (23-38) years. Countries of origin were grouped 
according to the WHO regions. Demographic analysis showed most refugees (79.8%) came from the 
WHO Eastern Mediterranean Region with the largest proportion coming from Syria and Afghanistan, 
9.1% came from the WHO African Region, and 6.8% from the WHO European Region, 1.2% from 
South East Asia and 3.1% came from countries of unknown origin. Of the 604 refugees enrolled, 
91.2% were anti-HAV positive, with differences between 78.1% in refugees from the European Region 
to 94.5% from African Region and 100% in the refugees from South East Asia. Analysis of Hepatitis B 
markers showed 3.0% HBsAg positive, 15.2% anti-HBc positive, 14.1% were anti-HBs positive and 
HBsAg and anti-HBc negative (vaccinated). The highest prevalence of HBsAg was shown in patients 
from the African Region with 7.3%, followed by the European Region with 4.9%. Hepatitis C antibodies 
were detected in1.2% with the highest prevalence in the group coming from the European region 
(2.4%). Anti-HDV positivity was seen in 0 refugees. The total prevalence of anti-HEV was 20.1% with 
the highest prevalence in the African Region with 38·2%. Of the 586 HBsAg-negative tested 
individuals 12.8% were anti-HBc positive. In three HBsAg positive patients a co-infection with hepatitis 
C was detected.  
 
Conclusion: Our study is the first to show seroprevalences of antibodies against hepatitis A-E as well 
as HBsAg and anti-HBs prevalences in an unselected cohort of refugees during the current Middle 
East crisis. Our results showed higher hepatitis B prevalence than in the German population but not 
higher than in previous migrant populations. The vaccination status against hepatitis B was low with 
14%. Overall our data suggest high rates of hepatitis A immunity, medium rates of hepatitis E 
immunity but no detection of acute ongoing infection. There is no evidence for acute outbreaks of 
these infections. 
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Immunological imprints in different phases of chronic hepatitis B virus infection 
S. Wiegand1, B. Beggel2, A. Wranke1, K. Deterding1, J. Jaroszewicz3, J. Kirschner1, M. Manns1, T. 
Lengauer2, H. Wedemeyer1, C. Falk4, M. Cornberg1 

1Department of Gastroenterology, Hepatology and Endocrinology, Medical School Hannover, 
Hannover, Germany, 2Institute of Computational Biology and Applied Algorithmics, Max-Planck-
Institute for medical informatics, Saarbrücken, Germany, 3Department of Infectious Diseases and 
Hepatology, Medical University of Białystok, Bialystok, Poland, 4Institute of Transplant Immunology, 
IFB-Tx, Medical School Hannover, Hannover, Germany 
 
Background and aims: Individuals infected chronically with hepatitis B virus (CHB) show dynamics in 
their natural course of infection, thus discrimination can be difficult as HBV DNA and ALT levels can 
fluctuate. In recent years, quantitative HBsAg measurements got available as an additional marker for 
distinguishing different phases of infection, but the predictive value is limited. There is still an unmet 
need for markers, reflecting immunological responses, especially easy to quantify biomarkers like 
serum cytokines and chemokines. Our aim was to evaluate serum cytokines and chemokines as 
additional predictive markers to discriminate different phases of CHB.  
  
Patients and methods: Three hundred thirty-three European patients with persistent HBV-infection, not 
undergoing antiviral therapy, were included in this cross-sectional study. Patients were divided 
according to the phase of persistent HBV-infection: HBeAg(+) “immune tolerance” patients (IT, n=45), 
HBeAg(+) hepatitis patients (EPH, n=89), as well as HBeAg(-) low-replicative carriers (LRC, n=88) 
HBeAg(-) hepatitis patients (ENH, n=63) and HBeAg(-) high-replicative carriers (HRC, n=48).  
  
Results: Univariate ANOVA revealed several serological, biochemical and immunological parameters, 
which differ between the different groups. To illustrate the univariate ANOVA analysis of all measured 
parameters we used a figure indicating which parameters differ significantly between the different 
patient groups (figure 1). 
 

 

 
comparison of serological and immunological parameters in 
different phases of chronic hepatitis B 
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Of all cytokine and chemokine assessed, IP 10 showed the best results considering differentiation of 
HBV phases (figure 2). The highest IP-10 titers were observed in the EPH patients with a median of 
2.39 ± 0.36 log10pg/mL. This was comparable to patients from the ENH phase with 2.38 ± 0.36 
log10pg/mL. Patients in the active hepatitis phases (EPH and ENH) had significantly higher IP-10 
titers in comparison to patients in the IT- (2.04 ± 0.36 log10pg/mL; p<0.001), LRC- (1.98 ± 0.32 
log10pg/mL; p<0.001) or HRC-phase (2.08 ± 0.19 log10pg/mL; p<0.001). In difficult to distinguish 
HBeAg negative individuals (LRC, ENH, HRC) IP-10, MIP-1b, IL-17, TGF-b2 and IL-12 differed 
significantly (p<0.05). IP-10 values, as mentioned above, could be used do discern ENH from HRC 
and ENH from LRC, whereas IL-12 and MIP-1b helped to distinguish LRC and ENH. LRC patients had 
lower IL-12 and MIP-1b levels (-0.73 ± 0.84 log10pg/mL and 1.18 ± 0.28 log10pg/mL) compared to 
ENH patients (-0.19 ± 0.90 log10pg/mL and 1.38 ± 0.35 log10pg/mL), leading to p-values <0.001, 
respectively. Interestingly, only TGF-b2 and IL-17 were useful to differentiate between LRC and HRC 
(figure 2).  
 

 
  
Conclusion  
Quantification of serum cytokines and chemokines may help to distinguish different phases of CHB. 
Further studies need to define cut-offs and validate if combination of cytokines and serological 
markers increase the predictive value. 
 
 
 

 
useful cytokines for differentiation of different phases of hepatitis B 
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Apolipoprotein E likely contributes to a maturation step of infectious hepatitis C virus 
particles and interacts with viral envelope glycoproteins 
J.-Y. Lee1, E. Acosta1, I.K. Stoeck1, G. Long2, M.-S. Hiet1, S. Kallis1, R. Bartenschlager3 

1Department of Infectious Diseases, Molecular Virology, Heidelberg University, Heidelberg, Germany, 
2Unit of virus assembly and host dependency, Institut Pasteur of Shanghai, Shanghai, China, 
3Department of Infectious Diseases, Molecular Virology; German Centre for Infection Research, 
Heidelberg University, Heidelberg, Germany 
 
Assembly of infectious hepatitis C virus (HCV) particles is tightly linked to components of the very-low-
density lipoprotein (VLDL) pathway. We and others have shown that apolipoprotein E (ApoE) plays a 
major role in production of infectious HCV particles. Moreover, lipoprotein association has been 
proposed to mediate viral evasion from the humoral immune response. However, the mechanism by 
which ApoE contributes to virion assembly/release and how it gets associated with the HCV particle is 
poorly understood.  
We found that knock-down of ApoE reduces titers of infectious intra- and extracellular HCV, but not of 
the related Dengue virus. ApoE depletion also reduced amounts of extracellular HCV core protein 
without affecting intracellular core amounts. Moreover, we found that ApoE depletion neither affected 
formation of nucleocapsids nor their envelopment suggesting that ApoE acts at a late step of 
assembly, such as particle maturation and infectivity. Importantly, we demonstrate that ApoE interacts 
with the HCV envelope glycoproteins, most notably E2. This interaction was independent from other 
viral proteins and required the transmembrane domain of E2 that was also required for recruitment of 
HCV envelope glycoproteins to detergent-resistant membrane fractions. Although ApoE associates 
with HCV particles in cells, we found that exogenous ApoE can also associate with HCV particles in 
the extracellular environment. This association with HCV after release from cells is likely due to the 
exchangeable nature of ApoE.  
Our results suggest that ApoE plays an important role in HCV particle maturation, presumably by 
direct interaction with viral envelope glycoproteins, both within cells and after virion release. Further 
investigations are aiming at the mechanism how ApoE associates with extracellular virions and how 
this association contributes to evasion from neutralizing antibodies. 
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Reduzierte CD161+MAIT Zell Frequenzen in HCV und HIV/HCV Koinfektion 
J. Eberhard, S. Kummer, P. Hartjen, A. Hüffner, T. Diedrich, O. Degen, A.W. Lohse, J. van Lunzen,  
J. Schulze zur Wiesch 
I. Medizinische Klinik und Poliklinik, Universitätsklinikum Hamburg-Eppendorf, Hamburg, Germany 
 
Hintergrund: Es wurde die Hypothese aufgestellt, dass der frühe und teilweise irreversible Verlust von 
CD161+ Mukosa-assoziierten invarianten T-Zellen (MAIT) -Zellen zu erhöhter mikrobieller 
Translokation und Aktivierung des Immunsystems bei HIV-Infektion führen könnte, die wiederum als 
Gründe für ein schnelleres Fortschreiten der Krankheit in der HIV / HCV-Infektion im Vergleich zu 
HCV mono-Infektion diskutiert werden.  
 
Methoden: Gefrorene PBMC oder intrahepatische Lymphozyten aus Leberbiopsien wurden aufgetaut, 
gefärbt und mittels Durchflusszytometrie analysiert.  
 
Ergebnisse: MAIT Zellen waren auch im peripheren Blut und in der Leber von Patienten mit 
chronischer HCV reduziert und noch deutlicher in HIV / HCV-Koinfektion. Außerdem erholten sich 
diese MAIT Zellzahlen nicht nach einer erfolgreichen HCV-Therapie.  
 
Fazit: Unsere Daten geben Anhaltspunkte, dass reduzierte MAIT Zellzahlen zumindest teilweise zu 
dem ungünstigen Verlauf der Lebererkrankung bei HIV / HCV koinfizierten Patienten im Vergleich zu 
HCV monoinfizierten Patienten beitragen. 
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Expression of human Sec14L2 is not a reliable predictor of HCV replication fitness 
R. Costa1, S. Westhaus2, M. Ruckert1, A. Anggakusuma3, M.P. Manns1, E. Steinmann3, T. von Hahn1, 
S. Ciesek2 
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Medical School Hannover (MHH) and the Helmholtz Centre for Infection Research (HZI), Hannover, 
Germany 
 
The replication of natural patient derived HCV strains in cell culture had been an elusive target until 
recently Saeed et al reported on a model where the expression of the protein SEC14L2 mediated 
protection against lipid peroxidation enabling the replication of patient derived virus in cell culture. We 
employed this model to investigate the role of SEC14L2 variability in the HCV life cycle in in vitro 
conditions. For this purpose we generated 13 different Huh-7.5 human hepatoma cell lines, each 
harbouring the one of the 13 most prevalent SEC14L2 SNPs described in the literature. We infected 
these cell lines with patient derived serum and quantified the HCV load after infection using qRT-PCR. 
We show in these assays that although relevant for the HCV life cycle SEC14L2 is not a reliable 
predictor of HCV replication fitness. Furthermore we show evidence for a different susceptibility to lipid 
peroxidation from different genotypes which argues in favour of different mechanisms from HCV to 
cope with host cell ROS, which is compatible with previous reports where different HCV genotypes 
would differentially interact with the host lipid metabolism 
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A cross-reactive monoclonal antibody raised against recombinant hepatitis E virus 
genotype 3 capsid antigen 
B. Kubickova1, 2, J. Schenk3, 4, K. Marcinkeviciute1, 5, J. Reetz6, P. Dremsek1, 7, P.L. Tamosiunas5,  
H. Memczak8, M. Hovestädt8, R. Petraityte-Burneikiene5, J.F. Drexler9, 10, A. Andersson4, D. Becher11, 
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The amino acid sequences of the capsid protein from human pathogenic hepatitis E virus (HEV) 
genotype 3 (GT3), rat-associated ratHEV and bat-associated batHEV differ strongly, potentially 
allowing serological differentiation of antibody responses against the different capsid proteins.  
To generate a HEV GT3-specific monoclonal antibody (mAb), the Escherichia coli-expressed carboxy-
terminal part of its capsid protein was used to immunize BALB/c mice. The immunization resulted in 
the induction of HEV-specific antibodies of high titer. The obtained mAb G117-AA4 of IgG1 isotype 
showed in ELISA and Western blot test a strong reactivity with the homologous E. coli-, but also a 
similar yeast-expressed capsid protein of GT3. The mAb cross-reacted also with recombinant ratHEV 
capsid protein derivatives produced in both expression systems and E. coli-expressed batHEV capsid 
protein. Western blot reactivity of the mAb suggested a linear epitope. Use of a truncated derivative of 
ratHEV capsid protein in ELISA and a pepscan analysis allowed to map the epitope within a partially 
surface-exposed region with the amino acid sequence ENGEPSVKLYTSVEA. The mAb was also 
shown to bind native GT3 virus in infected wild boar tissue by immunohistochemistry and human 
patient-derived GT3 virus from infected cell culture in immunofluorescence assay and Western blot 
analysis.  
In conclusion, the novel mAb will be a useful tool for further investigations on the pathogenesis of HEV 
infections and might be used for diagnostic purposes. 
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A selective neddylation inhibitor Pevonedistat potently interferes with HBV infection 
B. Qu1, M. Leuthold1, S. Urban1, 2 
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Transcription of HBV from its authentic template requires the HBx-mediated counteraction of host 
encoded restriction factors of the SMC5/6 complex (Decorsière et al, Nature). To fulfill that function 
HBx binds the DDB1/Cullin 4 ring ligase complex, which triggers degradation of SMC5/6 and Nse1-4, 
ultimately resulting in transcriptional activation. A prerequisite for SMC5/6 ubiquitination and 
subsequent degradation is neddylation of the Cullin 4 ring ligase complex. Pevonedistat is a specific 
inhibitor of the Nedd8-activating enzyme (NAE) that couples Nedd8 to its substrates. It is presently 
tested in Phase I clinical trials in patients with malignancies.  
  
Based on the hypothesis that neddylation is required to induce HBx-mediated degradation of SMC5/6, 
we tested the ability of Pevonedistat to interfere with HBV infection. Primary human hepatocytes 
(PHH), HepaRGNTCP and HepG2NTCP cells were inoculated with HBV and Pevonedistat at doses 
that do not induce cytotoxic effects. Viral markers were quantified at day 7 post infection. Alternatively, 
infection of HepG2NTCP and HepaRGNTCP cells was initiated and Pevonedistat was administered 
after complete establishment of cccDNA until samples were collected.  
  
When administered after establishment of cccDNA, we observed an up to 80% reduction of viral 
markers in HepG2NTCP and HepaRGNTCP cells. However, Pevonedistat did not alter cccDNA copy 
numbers and a rebound of viral markers in HepG2NTCP cells was observed after removal of the drug. 
When administered during and post-infection of PHH, we observed an even stronger effect on general 
viral transcripts and secreted antigens. Remarkably, cccDNA levels were also affected during 
establishment of infection in PHH, indicating that neddylation might be required for cccDNA formation.  
  
Our study indicates that inhibition of neddylation interferes with HBV transcription, probably by 
inhibiting the HBx-mediated counteraction of transcriptional suppression and possibly also with 
formation of cccDNA. Since suppression of antigen production (e.g. HBsAg) is highly deserved in 
chronically infected patients, Pevonedistat might have beneficial effects in future antiviral therapies 
aiming at a "functional cure" of chronic HBV infection. 
 
 
 
 
 



TTU Hepatitis 

 88 

P 26 
 

Towards eradication? The treatment reality of hepatitis C infection in Germany, 2010 - 
2015. 
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Background: Second-generation direct-acting Hepatitis C antivirals (DAAs) have strongly improved 
treatment options since 2014, but it is unclear if treatment numbers increased. We aimed to estimate 
the number of treatment regimens prescribed for patients with statutory health insurance (SHI) in 
Germany per month over time, the number of patients treated and cured since 2014 and associated 
direct costs.  
  
Methods: Drug-prescription data of HCV antivirals for patients with SHI in Germany (~85% of the 
population) were evaluated from 01/2010–12/2015. Standard 28-day prescriptions of pegylated 
interferon α (PEG-IFN), boceprevir (BOC), telaprevir (TVR), sofosbuvir (SOF), simeprevir (SMV), 
daclatasvir (DCV), ledipasvir (LDV), ombitasvir (OBV), ritonavir-boosted paritaprevir (PTVr), dasabuvir 
(DSV) and supplementary ribavirin (RBV) were combined to regimens according to German treatment 
guidelines and analysed. Costs were calculated from pharmacy-sales prices. Costs per regimen and 
the number of persons treated with DAAs were estimated on the basis of mean treatment durations 
per regimen from real-world data of the German Hepatitis C Cohort (GECCO).  
  
Results: From 01/2010-12/2015 the monthly number of PEG-IFN-treatments decreased from ~6,500 
to ~650. Monthly prescriptions rose with approval of BOC and TVR in 2011, and decreased to the end 
of 2013. With approval of SOF as the first, and in the following months further 2nd generation-DAAs, 
monthly prescriptions peaked with ~6,600 in 03/2015, subsequently decreasing to ~4,000 in 12/2015. 
In total, ~7,000 patients were treated with DAAs in 2014, and ~20,100 in 2015.  
Total treatment-costs per month were stable at 12 million EUR (2010-2011), increased to ~38 million 
EUR (03/2012), and peaked to 150 million EUR (03/2015). Total costs per year summed up to ~664 
million EUR (2014) and ~1.3 billion EUR (2015).  
 

 
  
Conclusions: As expected, PEG-IFN prescriptions decreased over time, and DAA prescriptions 
increased. However, the increase of total treatment numbers over time was less than expected, 
though all new substances are available, and access to DAAs is not limited to those with advanced 
disease. Under observed conditions ~18,000 patients per year can be cured, making substantial 
reduction of chronic HCV realizable. Political commitment to achieve DAA-price reductions and 
increase treatment numbers is recommended. 

 
Monthly prescriptions of HCV-regimens and total monthly direct costs (01/2010–12/2015) 
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HCV Resistance Profile Evolution in a GT1b, DAA-naïve Patient before, on and after 
Failing Triple DAA Therapy 
E. Knops1, N. Schübel2, E. Heger1, M. Neumann-Fraune1, R. Kaiser1, S. Inden1, P. Kalaghatgi3, S. 
Sierra1 

1Institute of Virology, University of Cologne, Cologne, Germany, 2Infektiologisches Zentrum, Klinikum 
Osnabrück, Osnabrück, Germany, 3Computational Biology and Applied Algorithmics, Max Planck 
Institute for Informatics, Saarbrücken, Germany 
 
Background: New direct-acting-antiviral (DAA)-therapies have high success rates, though they are still 
lower in patients with cirrhosis. The presence of resistance-associated-mutations (RAMs) can play a 
role in DAA therapy failure [1-3]. Over 50% of GT1-infected patients may show baseline RAMs that 
may affect the susceptibility to DAAs [4].  
The current European guidelines do not recommend resistance testing either at baseline or at therapy 
failure [5]. Contrary, the 2016 AASLD-IDSA guidelines recommend resistance testing before starting 
any treatment [6]. We present a rare case of viral breakthrough under triple DAA-therapy in a patient 
infected with subtype 1b virus.  
  
Methods: Samples were obtained from a cirrhotic, male, 52 year-old, GT-1b infected patient. He 
underwent a 12 week-long therapy of Ombitasvir co-formulated with Paritaprevir and Ritonavir, plus 
Dasabuvir and Ribavirin. Infection occurred nosocomially in 1979. Baseline, failure and follow-up viral 
samples were amplified by RT-PCR, sequenced with next generation sequencing and interpreted with 
the bioinformatics tool geno2pheno[HCV] [7]. Baseline and failure samples were also cloned to look 
for concomitant presence of RAMs in individual viral strains.  
  
Results: Baseline sample sequencing revealed RAMs in the NS5A and NS5B viral genes, 
compromising two of three DAAs used in the subsequent therapy. 
 

 
 
 
 

 
Drugs susceptibility predicted by geno2pheno[HCV] 
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After failure new RAMs were detected in NS3, NS5A and NS5B genes. Molecular cloning showed that 
RAMs in NS5A and NS5B genes at baseline and after failure were concomitantly present in individual 
viral strains. Sampling at weeks 10 and 30 after stopping therapy showed that all RAMs remained. 
Phylogenetic analysis showed that 30 weeks follow up in the absence of therapy pressure baseline 
viruses did not re-emerge, but the resistant viruses persisted.  
  
Conclusions: This is the first report showing presence of RAMs simultaneously in different genes in a 
DAA-naïve patient infected before the DAA era. These RAMs most likely led to therapy failure. In 
difficult-to-treat patients, baseline sequencing can help in the selection of the optimal therapy. 
Improvement of NGS technologies allowing analysis of long fragments will allow this kind of analysis in 
a near future.  
  
REFERENCES:  
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[6] AASLD-IDSA HCV Guidance. http://www.hcvguidelines.org/node/92  
[7] Kalaghatgi et al. 2016 PLoS One 11:e0155869. 
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Human adult liver stem cells generated from patient samples 
N. Fekete-Drimusz1, R. Gutierrez Jauregui1, C. Lipps2, D. Wirth2, M.P. Manns1, 3, F.W.R. Vondran3, 4, 
M. Bock1, 3 

1Clinic of Gastroenterology, Hepatology und Endocrinology, MHH, Hannover, Germany, 2Helmholtz 
Zentrum für Infektionsforschung GmbH, Braunschweig, Germany, 3DZIF TTU Hepatitis, Hannover, 
Germany, 4Clinic of General, Visceral and Transplantation Surgery, MHH, Hannover, Germany 
 
Human hepatocytes are in high demand for research as well as preclinical/clinical applications, but 
their rapid dedifferentiation in vitro severely limits the time window of utilization. Our group at the 
Primary Hepatocyte Core Facility at MHH has developed a method to generate human adult liver stem 
cell (LSC) populations by directed dedifferentiation of mature hepatocytes from patient samples 
without genetic manipulations, allowing enrichment and long-term in vitro propagation of these cells. In 
vivo studies clearly demonstrate that upon transplantation into immune-deficient mice, LSCs engraft 
efficiently and mature into hepatocytes as well as cholangiocytes, and possibly even liver sinusoidal 
endothelial cells (LSECs).  
 
Primary human hepatocyte samples were obtained from liver resectates of patients and were cultured 
under specific culture conditions for 4-6 weeks, finally giving rise to pure LSC populations. Their in 
vitro characterization included phenotypic observations, ICC stainings and RT-qPCR analyses 
employing an extensive panel of cellular markers.  
GFP-labelled LSCs were transplanted into two immunodeficient mouse models, Rag2-/- γ c-/- and FAH-

/-Rag2-/- γ c-/-, accompanied by liver damage induction with CCl4 to generate a regenerative 
environment. Mice were sacrificed 12 weeks later, and liver sections were IHC stained and analysed 
for expression of human Albumin, CK19 and GFP.  
  
When kept under specific conditions primary hepatocytes slowly de-differentiate into a stem cell 
phenotype in adherence cultures. Starting from these initializing LSCs, the phenotype becomes slowly 
adopted in nearby areas of hepatocytes during the next 3-6 weeks of culture. After analmost complete 
conversion, subsequent passaging leads to pure LSC populations that can be propagated further (so 
far) unlimitedly and safely be stored in liquid nitrogen. Under maintenance conditions these cells 
expressmesenchymal and stem cell markers and show stable signatures of both hepatocytic and 
cholangiocytic phenotypes, as well as prominent LSEC markers. Upon transplantation, GFP-positive 
LSCs engraft, differentiate and functionally integrate efficiently in murine liver tissue of both mouse 
strains and ensure survival of FRG mice in the absence of NTBC supplementation. Cells could be 
visualized as hAlbumin expressing hepatocytes, as EGFP and CK19 positive bile duct lining 
cholangiocytes and as liver sinusoidal endothelial cells. Notably, no tumours were detected anywhere 
in any of the sacrificed mice.  
  
LSC-derived primary hepatocytes provide a reliable, standardizable alternative source for mature 
hepatocytes that conventionally are scarce, highly variable and batch-wise limited. The development 
of in vitro re-maturation protocols is ongoing. In vitro rematured, if needed patient-specific, LSC-
derived primary human hepatocytes could be used for translational, preclinical in vitro infection 
research on hepatotropic pathogens as well as drug- and drug-toxicity testings. 
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Introduction: Stopping NA therapy in HBeAg-negative patients without HBsAg loss is currently 
discussed. In a prospective study we showed that stopping NA treatment in HBeAg-negative patients 
is safe and leads to a significant decline in HBsAg levels. Patients with high HBV-DNA and HBcrAg 
rebound showed the highest decrease in HBsAg levels at week 48. Interestingly, we could show that 
plasma cytokines/chemokine levels of IL-10, IL-12 and TNF were significantly increased early (4 
weeks) and IP-10 at week 8 after treatment stop.  
  
Objectives: In order to understand the mechanisms leading to HBsAg decline, T cell responses were 
analysed before and after stop of NA therapy.  
  
Patients & Methods: In a prospective trial, 15 chronically HBeAg-negative patients stopped NA 
treatment. Multicolor flow cytometry was performed to characterize the ex-vivo immune cell phenotype 
at stop of treatment and 4, 8 and 12 weeks after stop. Additionally, HBV core-specific T cell responses 
were studied after in-vitro stimulation of PBMCs with core-specific overlapping peptides for 10 days 
and following restimulation.  
  
Results: Ex vivo, HLA-DR was upregulated on T cells compared to healthy controls. Ki-67 was 
increased on T cells at week 12 for those patients who had the strongest HBsAg decline. In addition, 
expression of PD-1 and KLRG1 on T cells was relatively low. At stop of NA therapy, hardly any HBV-
specific CD4+ and CD8+ IFNγ+ T cell responses were detectable. However, this changed in some, but 
not all patients after stop of treatment, when a virological relapse occurred. A subgroup of patients 
exhibited an increase of HBV-specific T cell responses of up to 18% for CD4+ and up to 16% for 
CD8+ T cells after stop of treatment. Overall increases of CD4+ T cell responses in 10/12 patients 
(SI>2) and of CD8+ T cell responses in 9 out of 12 (SI>2) were visible. In some patients, blocking PD-
L1 could further augment this response.  
  
Conclusion: Stop of NA therapy and virological rebound led to changes in the peripheral blood T cell 
phenotype. HBV-specific T cell responses after stop of therapy could be induced after in vitro 
stimulation and the cells were more sensitive to in vitro checkpoint inhibition. The current data are 
relevant in relation to the discussion of new treatment concepts, i.e. combining NA treatment cessation 
with immunmodulatory therapies. 
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Background & Aims: HDV-specific CD8 T cell response seems to play a significant role in the 
infection’s outcome. However, little is known about the HDV-specific T cell epitope repertoire and 
mechanisms of CD8 T cell failure in persistent HDV infection. Therefore, we aimed to characterize 
HCV-specific CTL epitopes and the impact of viral mutations on immune escape.  
 
Methods: HDV-specific CD8 T cell epitopes were predicted and their HLA binding were tested. These 
epitopes were characterized in HDV resolved patients by intracellular IFN-γ staining. Sequence 
analysis of L-HDAg and HLA typing were performed for 104 patients. The impact of substitutions 
within epitopes on CD8 T cell response was evaluated experimentally and by in silico studies.  
 
Results: By in silico epitope prediction, in vitro HLA binding analysis and functional cellular assays, we 
identified two HLA-B*27-restricted CD8 T cell epitopes within the L-HDAg in HDV infected patients, 
while we did not detect CD8 T cell epitopes restricted by other frequent HLA class I alleles using the 
same approach. These novel epitopes are located in a highly conserved region of L-HDAg. However, 
we detected molecular footprints within these epitopes in 3 of 6 HLA-B*27-positive patients with 
chronic HDV infection. Mutations at positions 105 and 106 occurred in HLA-B*27-positive patients and 
abrogated T cell recognition in HLA-B*27-positive patients with resolved infection, indicating that these 
mutations represent viral escape mutations. Modeling of one of the L-HDAg epitope/HLA-B*27 
complexes and its R105K and K106M escape variants shows that in the escape mutations the 
structural and electrostatic properties of the bound peptide differ considerably at the T cell receptor 
interface area, thus delivering a possible explanation for the molecular escape mechanism.  
 
Conclusions: HLA-B*27 may have an important role in the HDV-specific CD8 T cell response, similar 
to findings in other viral infections, e.g. HIV and HCV. However, viral escape from the HLA-B*27-
restrcited CD8 T cell response may contribute to persistence of HDV. 
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humanized mice 
M. Lütgehetmann1, 2, K. Giersch1, T. Volz1, L. Allweiss1, A.W. Lohse1, 3, J. Petersen4, M. Dandri1, 3 

1I. Department of Internal Medicine, University Medical Center Hamburg-Eppendorf, Hamburg, 
Germany, 2Department of Medical Microbiology, Virology and Hygiene, University Medical Center 
Hamburg-Eppendorf, Hamburg, Germany, 3German Center for Infection Research (DZIF), Hamburg-
Lübeck-Borstel site, Germany, 4IFI Institute for Interdisciplinary Medicine, Asklepios Clinic St. Georg, 
Hamburg, Germany 
 
Around 15 million people worldwide are chronically co-infected with hepatitis B and Delta virus 
(HBV/HDV). To date treatment is still limited to pegylated interferon alpha (pegIFNα). However, 
knowledge of intrahepatic virological changes induced by IFN is scant. Aim of our study was to 
develop sensitive assays enabling specific detection of genomic and antigenomic HDV RNA in 
HBV/HDV co-infected humanized mice to investigate their relative expression and changes induced by 
antiviral treatments. Methods: Different HDV RNAs were determined in liver samples of humanized 
mice using a new qRT-PCR assay based on a magnetic beads separation-strategy and by RNA in situ 
hybridisation (RNAScope) and were compared to levels obtained by Northern blot analysis. Chronic 
HBV (GT-D)/HDV (GT-1) co-infected humanized mice were treated for 4 weeks with peg-IFNα, peg-
IFNλ or the polymerase inhibitor entecavir (ETV), while controls remained untreated. HDV viremia was 
quantified by qRT-PCR. Results: The novel qRT-PCR assay revealed median ratios of genomic to 
antigenomic HDV RNA of 22:1 in human hepatocytes of untreated HBV/HDV infected mice. The 
abundance of genomic HDV RNA and the presence of antigenomic HDV RNA could be confirmed at 
single cell level by RNAScope and by Northern Blot analysis. 4 weeks of pegIFNα or pegIFNλ 
administration led to a clear reduction of HDV viremia (1.4-log and 1.2-log, respectively), while ETV-
treated and control animals showed unchanged HDV viremia levels. Intrahepatic analyses 
demonstrated that peg-IFNα and peg-IFNλ reduced the amounts of both genomic and antigenomic 
HDV RNAs, but maintained their ratios. In contrast, intrahepatic amounts of genomic and antigenomic 
HDV RNA remained unchanged in mice treated with ETV. Conclusions: Both the qRT-PCR and 
RNAScope assays are suitable for the strand-specific detection of genomic and antigenomic HDV 
RNAs in livers of untreated and treated humanized mice. The reduction of antigenomic HDV RNA, 
which serves as template in HDV replication cycle, demonstrates that IFNs are able to lower HDV 
productivity in infected human hepatocytes. 
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Background: The present study aimed a) to examine the seroprevalence of hepatitis B virus surface 
antigen (HBsAg), HIV-1 p24 antigen and antibodies against hepatitis C virus (anti-HCV), human 
immunodeficiency viruses (anti-HIV-1/2, HIV-1 group 0), and Treponema pallidum among blood 
donors in Kyrgyzstan and assess their distribution according to age, sex, and country provinces; b) to 
examine trends in the respective seroprevalences, and c) to assess co-infection rates among the 
pathogens studied.  
 
Methods: Serological screening was performed on 37,165 volunteers who presented for blood 
donation to the National Blood Centre in Bishkek, Kyrgyzstan between January 2013 and December 
2015. We applied poststratification weighting to control for sampling bias and used logistic regression 
analyses to examine the association of seropositivity and co-infections with sex, age, country 
provinces, and year of blood donation.  
 
Results: Of the 37,165 donors, 29,145 (78%) were males and 8020 (22%) were females. Median age 
was 27 years (range, 18-64). The prevalences of HBsAg, anti-HCV, HIV and anti-T. pallidum were 
3.6% (95% CI: 3.4-3.8%), 3.1% (3.0-3.3%), 0.78% (0.69-0.87%), and 3.3% (3.1-3.5%), respectively. 
Males were more likely to be seropositive for HBsAg than females (OR: 1.63; 95% CI: 1.40-1.90) but 
less likely to be seropositive for anti-HCV (0.85; 0.74-0.98) and HIV (0.65; 0.49-0.85). There were 
regional differences, with lower prevalences in the capital compared to other provinces. There was a 
decreasing trend in the seroprevalences of HBsAg, anti-HCV and anti-T. pallidum in the study period 
(p for trend, p=0.01, p<0.0001, p<0.0001, respectively), while the seroprevalence of HIV increased 
(p=0.049). In total, 180 donors (0.48%) were seropositive for multiple infections. The highest co-
infection rate was observed between anti-T. pallidum and HBsAg (6.0%), followed by anti-HCV and 
anti-T. pallidum (5.2%) and HIV and anti-HCV (4.9%). 
 
Conclusions: We observed a higher HIV prevalence than the officially reported prevalence in the 
general Kyrgyz adult population, whereas the seroprevalences of HBsAg and anti-HCV were lower 
than the reported estimates. Regarding HBsAg endemicity, the country can consequently be re-
classified from high to lower-intermediate endemicity. A high HIV prevalence with a rising trend is an 
alarming finding and needs to be addressed by public health authorities. 
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Though hepatitis B cure is highly desired, it is rarely achieved until today. HBV persistence was found 
to correlate with a failure to develop an efficient virus-specific T-cell response. Induction of Hepatitis B 
Virus (HBV)-specific immune responses by therapeutic vaccination seems promising but has shown 
only limited efficacy so far.  
We first tested whether high antigen levels in HBV infection inhibit HBV-specific CD8 T cell responses. 
We treated high viremic and antigenemic HBV-transgenic mice with s(hort)h(airpin)RNA expressing 
Adeno-Associated-Virus (AAV) vectors which stably suppress all HBV proteins by up to 99%. Although 
AAV-shRNA treatment per se did not induce spontaneous anti-HBV immunity, mice with suppressed 
antigen titers responded better to therapeutic vaccination and mounted a strong HBV-specific CD8 T 
cell response. This vaccine response was not observed in mice pretreated with an irrelevant shRNA in 
which high antigen titers remained.  
We next focused on understanding how HBV impairs T cell responses. One group of signaling 
pathways which have previously been proposed to mediate T cell impairment are the so called 
immune checkpoints (e.g. PD-1/PD-L1 interaction). An up-regulation of PD-1 on HBV-specific T cells 
has been observed in chronic hepatitis B patients. We therefore wanted to evaluate if PD-L1/PD-1 
mediates HBV-induced T cell tolerance. PD-L1 expression was analyzed by RT-qPCR from liver 
lysates of HBV-transgenic mice treated with anti-HBV or control siRNAs. We found a certain decrease 
in PD-L1 expression in mice with suppressed HBV antigen titers. 
We then examined if HBV infection influences the killing of hepatocytes by CD8 T cells. For this, we 
co-cultured HBV-infected or non-infected HepG2-NTCP cells with T cells expressing a T cell receptor 
against Glypican-3 which is constitutively expressed on HepG2-NTCP cells. As expected, the HepG2-
NTCP cells were effectively killed by the redirected T-cells. This effect was attenuated when the target 
cells were infected with HBV. To differentiate if this inhibition was mediated by a cell bound- or a 
soluble-factor, we performed an analogous experiment in the presence of supernatant from HBV-
infected or non-infected HepG2-NTCP cells. Interestingly, antigen-specific T cells co-cultured with 
HepG2 cells produced less IFNγ in the presence of supernatant from HBV infected cells proving that a 
soluble component was contributing to T cell inhibition.  
From these experiments we conclude that HBV modulates T cell responses in different ways and thus 
prevents that infected cells are effectively killed. Suppressing HBV antigen production as well as PD-
L1 appear to be interesting targets for therapeutic intervention. We therefore currently evaluate if a 
liver-directed delivery of anti-PD-L1 siRNAs could restore or in combination with anti-HBV siRNAs 
enhance HBV-specific T cell responses. 
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The face of hepatitis C virus (HCV) therapy is changing dramatically with the introduction of directly-
acting antiviral agents (DAAs) that have become widely available since 2011. Despite high response 
rates of usually more than 90%, treatment failure with DAAs has been associated with the selection of 
drug resistance mutations which may be present before starting treatment. Additionally, many DAAs 
show HCV (sub)genotype-specific efficacy. Thus, sequence analysis of the viral genome before start 
of therapy is instrumental for managing DAA-based treatment strategies. We have created the web-
service geno2pheno[HCV] (g2p) for analyzing HCV sequence data with respect to HCV subgenotype 
and drug resistance. Extensive reviewing and weighting of HCV drug resistance literature was 
performed to create a comprehensive list of drug resistance rules for NS3 inhibitors (Asunaprevir, 
Boceprevir, Grazoprevir, Paritaprevir, Simeprevir, and Telaprevir), NS5A inhibitors (Daclatasvir, 
Elbasvir, Ledipasvir, and Ombitasvir), and NS5B inhibitors (Dasabuvir and Sofosbuvir). Upon 
submission of up to eight sequences, g2p aligns the input sequences, identifies the genomic region(s), 
predicts the HCV subgenotype(s), and generates a drug resistance report for each DAA. g2p offers 
convenient and rapid subgenotyping and resistance analysis of HCV sequences. g2p is being 
continuously updated with state-of-the-art knowledge and is widely used with around 4800 unique 
queries/month this year. The web-service is freely accessible under 
http://www.genafor.org/g2p_hcv/index.php. 
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Therapeutic options for patients chronically infected with hepatitis B virus (HBV) and hepatitis delta 
virus (HDV) are limited to nucleoside analogs (for chronic hepatitis B treatment) or pegylated 
interferon alpha (PEG-IFNα, for chronic hepatitis B and D treatment). Myrcludex B (MyrB), a 
myristoylated lipopeptide derived from the N-terminal 47 amino acids of the preS1-domain of the large 
HBV envelope protein, efficiently blocks entry of HBV and HDV by inactivation of the NTCP-receptor. 
MyrB is presently investigated in several phase II clinical trials. As a peptidic drug, MyrB may induce 
antibodies, which could affect its therapeutic efficacy (e.g. by promotion of antiviral immune 
stimulatory effects or neutralization of its antiviral effect). We studied the development of MyrB-specific 
antibodies in HBV and HBV/HDV co infected patients receiving different doses (0.5, 1, 2, 5, 10 mg) of 
MyrB either alone or in combination with PEG-IFNα. Patient sera were analyzed by ELISA for their 
reactivity against MyrB-specific antibodies. Independent of the treatment dose, >50% of patients 
receiving MyrB monotherapy showed an induction of MyrB-specific antibodies starting at week 12. 
Remarkably, all HBV/HDV co-infected patients treated with a combination of MyrB/PEG-IFNα showed 
a pronounced induction of MyrB-specific antibodies. Furthermore, combination therapy led to a 
transient induction of MyrB-specific IgG antibodies in 2/7 patients (28.5%) at week 12 and even 
enhanced the IgG induction at week 24 in 4/7 patients (57.1%). MyrB-specific antibodies declined 
within 12 weeks after cessation of MyrB. Preliminary epitope mapping using a high resolution peptide 
array showed reactivity against epitopes within the NTCP-binding motif of preS1 (9-NPLGFFP-15) and 
the downstream DPXF-motif (amino acids 20-23), which is known to mediate neutralization of HBV 
infection when bound by monoclonal antibodies. Immunization experiments in rats revealed that the 
presence of high levels of MyrB-specific antibodies does not influence the specific hepatotropism of 
even trace amounts of radioactively labelled MyrB. This suggests that serum antibodies do not prevent 
MyrB from binding to NTCP in vivo. Taken together treatment of HBV and HBV/HDV co-infected 
patients with MyrB not only induces virological responses (Bogolomov et al., J. Hepatol, 2016), but 
also induces preS1-specific antibodies in chronic patients. Combination therapy induced a pronounced 
development of MyrB-specific antibodies with induction of MyrB-specific IgGs compared to 
monotherapy, indicating an immunostimulatory function of IFNα in our setting. The temporary 
presence of preS1-specific antibodies during the MyrB treatment period may indicate an exhausted 
humoral immune response in these patients. While induced preS1-specific antibodies do not 
neutralize the drug, we are studying their contribution to HBV neutralization in ongoing studies. 
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HCV infection remains a major burden with a prevalence of 170 million infections worldwide and an 
incidence of 2 million new infections per year. The majority of HCV-infected individuals become 
chronically infected individuals and frequently progress to liver cirrhosis and hepatocellular carcinoma. 
Recently, directly acting antiviral substances (DAAs) have become available and treatment achieves 
sustained viral response of above 90%. However, high treatment costs do severely hamper 
application in low income areas and only a small fraction (<15%) of HCV-infected individuals is 
effectively treated. Finally, reinfection can occur after HCV elimination and presents a serious problem 
in populations with high HCV prevalence. Thus, the development of a protective HCV vaccine is an 
urgent need to supplement current HCV prevention strategies.  
 Neutralizing antibodies (NAbs) have been reported to block HCV infection in vitro and HCV control 
has been found to be associated with the presence of HCV neutralizing antibodies. Moreover, nAbs 
are able to exert selection pressure on HCV as exemplified by continuous generation of escape 
variants. Finally, it has been shown that nAbs can prevent HCV infection in non-human primates and 
humanized-mice.  
 Within the multi-site DZIF HCV Vaccine Initiative we set out to determine the presence of HCV 
neutralizing antibodies in well-characterized HCV infected individuals. To this end, we collect blood 
samples of subjects with various courses of HCV infection (chronic, acute, spontaneously self-limited) 
and measure IgG-mediated HCV neutralizing activity. Individuals with broad and potent HCV 
neutralizing serum activity will be analyzed in detail using advanced single B cell techniques. HCV-
directed antibodies with potent neutralizing activity will be tested for HCV neutralization and 
characterized to identify their target epitopes. We propose that characterization of the HCV antibody 
response and the search for neutralizing antibodies with outstanding activity will provide critical 
information of the target requirements for a protective HCV vaccine. 
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Persistent infections with HBV depend on balanced and highly regulated interactions of cccDNA-
encoded viral factors and host determinants, which are the ideal targets of antiviral drugs. Although 
NTCP-expressing hepatoma cell lines support efficient single-round infections with HBV and HDV, an 
in vitro system to evaluate the long-term efficacy of drugs on HBV cccDNA is still required. It is also 
important for developing of antivirals particularly on the early phase. We aimed to establish such a 
long-term cccDNA-dependent system resembling the complexity of virus infection, such as virus 
spread, persistent replication and virus relapse.  
First of all, we selected single colonies of HBV/HDV susceptible HepG2-hNTCP cell line and 
determined the viral antigen expression 40 days post HBV infection. We then identified a subclone A3, 
which showed the most robust HBcAg staining. We further found that, upon 2.5% DMSO treatment, 
the A3 clone can be cultivated up to 2 months without significant loss of viral replication. Alvetex® 
Scaffold is compatible with A3 cells to achieve three-dimensional culture. During 60 days culturing 
post infection, viral HBeAg could be constantly secreted, and HBsAg level is still increasing up to day 
60 post infection. The analysis of kinetics of susceptibility showed that A3 cells is constantly 
susceptible to HBV infection over 6 weeks after seeding, suggesting a possible involvement of virus 
re-infection. Myrcludex B added 7 days post infection reduced all viral antigen level, indicating HBV is 
spreading although at a moderate level. Tenofovir and Interferon were evaluated for their influence on 
persistent HBV infection. We showed that Tenofovir but not Interferon abrogated infectious HBV 
production. Upon removal of Tenofovir, virus relapse can be detected in 4-6 weeks. Importantly, 
nuclei-rich core protein is observed in long-term culture, which is similar to the observed staining 
pattern of HBcAg in woodchuck or chronic hepatitis B patient. Lastly, we analyzed HDV/HBV co-
infection in long-term infected A3 cells.  
In summary, we demonstrate that HepG2-hNTCP-A3 cell line with long-term cultivation in both 2-D 
and 3-D model are suitable for investigation of persistent HBV/HDV infection. 
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Nucleos(t)ide analogues inhibiting the reverse transcriptase activity of HBV polymerase efficiently 
suppresses viral replication, but they rarely cure the infection. HBV core protein would be a desired 
target as alternative or complementary therapeutic approaches because it is involved in almost every 
step of HBV replication. Herein, we aimed to characterize a new Core protein Allosteric Modulator 
(CpAM_1) which showed highly potent and core-specific anti-HBV activities and to determine its exact 
mode of action in HBV infection models. CpAM_1 exhibited antiviral activity with IC50 values ranging 
from 4.8 to 74.6 nM without detectable cytotoxicity under the condition examined in different hepatoma 
cell lines. When CpAM_1 was added following cccDNA establishment in HBV-infected HepG2-NTCP 
cells, it markedly suppressed intracellular and extracellular viral DNA levels. However, the levels of 
cccDNA and HBV RNA remained unchanged for two weeks under treatment. We detected abnormal 
core polymers in the nucleus at low concentrations (e.g., 50 nM), whereas the compound induced core 
protein degradation and depleted it from infected cells at higher concentrations (e.g., 500 nM). 
Interestingly, CpAM_1 showed a prolonged antiviral activity as evidenced by a lacking rebound in 
intracellular HBV replication for two weeks after withdrawal of the drug. When CpAM_1 treatment 
started prior to cccDNA establishment, it significantly reduced cccDNA levels as confirmed by 
cccDNA-specific qPCR and Southern blot analysis indicating additional effect on the early steps of 
HBV infection most likely at the level of release of rcDNA from incoming capsids into the nucleus. 
Interestingly, significant reduction in all HBV markers (intracellular HBV DNA, HBeAg, and HBsAg) 
including cccDNA was observed from 21 day post-infection onwards in HepG2-NTCP cells, indicating 
that CpAM_1 indirectly affects an established cccDNA pool during long-term treatment by preventing 
nuclear reimport of capsids. In addition, CpAM_1 was evaluated in a humanized liver mice model and 
demonstrated antiviral efficacy. Taken together, our results support the concept that CpAMs have 
multiple effects on HBV life cycle and are interesting drug candidate. 
 
 
 



TTU Healthcare-associated and Antibiotic-resistant bacterial Infections 

 102 

P 39 
 

Molecular characterization of third generation cephalosporin-resistant 
Enterobacteriacae– results from the ATHOS prevalence study 
A. Hamprecht1, 2, T. Wille1, 2, M. Behnke2, 3, S. Feihl2, 4, P. Gastmeier2, 3, F. Gebhardt2, 4, W. Kern2, 5,  
A. Mischnik2, 5, B. Obermann2, 6, S. Peter2, 7, A.M. Rohde2, 3, C. Schneider2, 8, F. Schwab2, 3,  
E. Tacconelli2, 9, M. Wiese-Posselt2, 3, M. Willmann2, 7, J. Zweigner2, 3, 10, H. Seifert1, 2 

1Institute for Medical Microbiology, Immunology and Hygiene, University of Cologne, Cologne, 
Germany, 2German Centre for Infection Research, Braunschweig, Germany, 3Institute for Hygiene and 
Environmental Medicine, Charité University Hospital, Berlin, Germany, 4Institute for Medical 
Microbiology, Immunology and Hygiene, Technische Universität München, Munich, Germany, 
5Division of Infectious Diseases, Department of Medicine II, University Medical Center Freiburg, 
Freiburg, Germany, 6Institute for Medical Microbiology, University Hospital Schleswig-Holstein, 
Lübeck, Germany, 7Institute of Medical Microbiology and Hygiene, University of Tübingen, Tübingen, 
Germany, 8Institute for Medical Microbiology and Hygiene, University Medical Center Freiburg, 
Freiburg, Germany, 9Division of Infectious Diseases, Department of Internal Medicine 1, University of 
Tübingen, Tübingen, Germany, 10Department of Hospital Hygiene and Infection Control, University 
Hospital of Cologne, Cologne, Germany 
 
Objectives: To assess the rectal carriage rate of third generation cephalosporin-resistant 
Enterobacteriaceae (3GCREB) in patients on hospital admission and to characterize 3GCREB isolates 
from the ATHOS prevalence study conducted in 2014 and 2015.  
  
Methods: Adult patients at six German tertiary care hospitals were screened within 72h of hospital 
admission for 3GCREB carriage in 2014 and 2015 using rectal swabs or stool samples. 3GCREB 
isolates were analysed by phenotypic tests and molecular methods. Beta-lactamases of the CTX-M-
groups CTX M 1, CTX-M-2, CTX-M-9, of SHV-/TEM ESBLs and carbapenemases VIM, IMP, OXA-48, 
KPC and NDM were characterized by PCR and sequencing.  
  
Results: In 2014, 416/4376 patients (9.5%) were 3GCREB carriers, compared to 390/4042 (9.6%) in 
2015. ESBLs of the CTX-M-1 group were the most frequent beta-lactamases in both years 
(67.3%/69.1% in 2014/2015), followed by CTX-M-9 group (16.6%/22.3%). Among CTX-M-type ESBLs, 
CTX-M-15 was predominant (43.8%/45.5%), followed by CTX-M-1 (29.3%/25.5%) and CTX-M-14 
(10.3%/12.0%). Five patients (0.11%) were colonised with carbapenemase-producing 
Enterobacteriaceae in 2014 (3x VIM-1, 1x IMP-8 and 1x NDM-1), compared to three patients (0.07%) 
in 2015 (2x OXA-48, 1x IMP)  
  
Conclusion: Distribution of beta-lactamases was similar in both years, with ESBLs of the CTX-M-1 
group being the dominant resistance mechanism in 3GCREB and CTX-M-15 being the most frequent 
single beta-lactamase observed. Our data indicate a similar prevalence as in most other western 
European countries and worldwide, where CTX-M-15 now is the predominant genotype.  
The observed prevalence of carbapenemase-producing Enterobacteriaceae was still low in German 
patients upon hospital admission compared to other European countries. 
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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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Untreated wastewater is a poorly studied ecological source of antibiotic resistant bacteria with an 
unknown role for the spread of resistance to the environment, animals and humans. Carbapenemase-
producing Enterobacteriaceae (CPE) are an increasing cause of nosocomial infections and hospital 
outbreaks and can be present in wastewater and sewage.  
  
We performed whole genome sequencing (WGS) on blaKPC-2-encoding enterobacterial species from 
untreated urban effluents collected in the northern area of Madrid and compared them to nosocomial 
outbreak isolates from single hospital in the same catchment area. The analysis of 25 KPC-2-positive 
Enterobacteriaceae isolates from untreated urban effluents collected between 2011 and 2013 from an 
area of 50,000 inhabitants and three Citrobacter freundii isolates from a fatal outbreak in a tertiary 
hospital in the same area from Oct. 2009 to Jan. 2010 was performed.  
  
In total, 19/25 wastewater isolates, and 2/3 clinical isolates harbored a plasmid carrying blaKPC-2. A 
common IncP-6 plasmid was detected in isolates from both sources. The plasmid was present in 
diverse species such as C. freundii, C. braakii, C. farmeri, Enterobacter cloacae, E. asburiae, 
Klebsiella oxytoca, Kluyvera ascorbata, K. criocrescens, and Raoultella ornthinolytica. These bacteria 
are predominantly found in the environment and some of them, such as C. freundii, E. clocae, K. 
oxytoca, can cause opportunistic infections.  
  
The IncP-6 plasmid was 40186 bp in size and contained 52 CDSs. The plasmid is a composite 
plasmid comprising of three uniquely assembled regions harbouring resistances to both mercury and 
carbapenem in separate cassettes. The region harbouring the carbapenem-resistance gene is similar 
to regions present in plasmids recently reported in South America.  
  
We document here the presence of a commonly occurring promiscuous blaKPC-2 plasmid circulating in 
environmental bacteria in wastewater and human populations. Our data suggest that untreated 
wastewater is a reservoir of carbapenem resistant bacteria that can be transferred to humans and vice 
versa. Detection of carbapenem resistant isolates in wastewater may be used as an indicator for 
epidemiological studies of relevant carbapenemase genes in Enterobacteriaceae. 
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Antibiotic resistant bacteria represent one of the greatest medical challenges of our time. The advent 
of increasingly rapid genome sequencing technologies coupled with decreasing cost has created a 
new bottleneck in the analysis of whole genome sequencing data. Targeting this challenge we have 
developed ASA³P, a highly scalable analyses pipeline processing thousands of bacterial genomes in a 
single day.  
The pipeline incorporates reads from all major sequencing platforms as well as contigs or annotated 
genomes. ASA³P provides diverse quality control, assembly, genome polishing and annotation steps. 
Access is currently provided through system administrators of bioinformatics core facility (BCF) at the 
microbial genome resource center (MGRC) in Giessen. The pipeline runs on a high-performance 
compute cluster with more than 800 cores at the BCF and was tested using several sets of data 
including a project with 1,000 Pseudomonas genomes.  
Based on annotated pseudo genomes the pipeline performs several characterizations, e.g. taxonomic 
classifications and SNP analyses as well as comparative and phylogenetic tasks. Hereby, ASA³P 
takes advantage of published and high performing bioinformatic tools in terms of quality and runtime. 
Results are presented via a web based user interface providing interactive visualizations and access 
to intermediate results as well as aggregated information for subsequent analyses on specialized 
platforms as for example EDGAR¹ or ReadXplorer². 
ASA³P is envisaged as an upfront tool for further downstream characterizations. This includes 
improvement and incorporation of new features that will enable structured information collation of core 
genome, antibiotic resistance, virulence genes, prophages and other components of accessory 
genomes. An important extension will be the incorporation of metadata into features allowing 
visualization of spatio-temporal dynamics from surveillance and epidemiological data.  
  
1) Blom J, Kreis J, Spänig S, Juhre T, Bertelli C, Ernst C, Goesmann A (2016) EDGAR 2.0: an 
enhanced software platform for comparative gene content analyses. Nucleic acids research 44(W1): 
W22-8  
  
2) Hilker, R., Stadermann, K.B., Doppmeier, D., Kalinowski, J., Stoye, J., Straube, J., Winnebald, J., 
Goesmann, A., (2014) ReadXplorer - Visualization and Analysis of Mapped Sequences. 
Bioinformatics, 30, 2247–2254. 
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Objectives: Determinants of inappropriate antibiotic prescription in the community are not clearly 
defined. The objective of this study was to perform a systematic review and meta-analysis evaluating 
gender differences in antibiotic prescribing in primary care.  
 
Methods: All studies analysing antibiotic prescription in primary care were eligible. PubMed and 
MEDLINE entries with publication dates from 1976 until December 2013 were searched. The primary 
outcomes were the incidence rate ratio (IRR) (measured as DDD/1000 inhabitants/day) and the 
prevalence rate ratio (PRR) (measured as prevalence rate/1000 inhabitants) of antimicrobial 
prescription, stratified by gender, age and antibiotic class. Random-effects estimates of the IRR and 
PRR and standard deviations were calculated.  
 
Results: Overall, 576 articles were reviewed. Eleven studies, comprising a total of 44 333 839 
individuals, were included. The studies used data from prospective national (five studies) or regional 
(six studies) surveillance of community pharmacy, insurance or national healthcare systems. Women 
were 27% (PRR 1.27 ± 0.12) more likely than men to receive an antibiotic prescription in their 
lifetimes. The amount of antibiotics prescribed to women was 36% (IRR 1.36 ± 0.11) higher than that 
prescribed for men in the 16 to 34 years age group and 40% (IRR 1.40 ± 0.03) greater in the 35 to 54 
years age group. In particular, the amounts of cephalosporins and macrolides prescribed to women 
were 44% (IRR 1.44 ± 0.30) and 32% (IRR 1.32 ± 0.15) higher, respectively, than those prescribed for 
men.  
 
Conclusions: This meta-analysis shows that women in the 16 to 54 years age group receive a 
significantly higher number of prescriptions of cephalosporins and macrolides in primary care than 
men do. Prospective studies are needed to address reasons for gender inequality in prescription and 
to determine whether a difference in adverse events, including resistance development, also occurs. 
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Objectives: To explore the accuracy of application of the Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) tool in epidemiological studies focused on the evaluation of the 
role of antibiotics in selecting resistance, and to derive and test an extension of STROBE to improve 
the suitability of the tool in evaluating the quality of reporting in these area.  
 
Methods: A three-step study was performed. First, a systematic review of the literature analysing the 
association between antimicrobial exposure and acquisition of methicillin-resistant Staphylococcus 
aureus and/or multidrug-resistant Acinetobacter baumannii was performed. Second, articles were 
reviewed according to the STROBE checklist for epidemiological studies. Third, a set of potential new 
items focused on antimicrobial-resistance quality indicators was derived through an expert two-round 
RAND-modified Delphi procedure and tested on the articles selected through the literature review.  
 
Results: The literature search identified 78 studies. Overall, the quality of reporting appeared to be 
poor in most areas. Five STROBE items, comprising statistical analysis and study objectives, were 
satisfactory in <25% of the studies. Informative abstract, reporting of bias, control of confounding, 
generalisability and description of study size were missing in more than half the articles. A set of 21 
new items was developed and tested. The new items focused particularly on the study setting, 
antimicrobial usage indicators, and patients epidemiological and clinical characteristics. The 
performance of the new items in included studies was very low (<25%).  
 
Conclusions: Our paper reveals that reporting in epidemiological papers analysing the association 
between antimicrobial usage and development of resistance is poor. The implementation of the newly 
developed STROBE for antimicrobial stewardship (AMS) tool should enhance appropriate study 
design and reporting, and therefore contribute to the improvement of evidence to be used for AMS 
programme development and assessment. 
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Introduction: Irrational antibiotic use is a common practice and the leading cause of antibiotic 
resistance especially in Africa where KAP of prescribers is less well documented when compared to 
developed countries.  
Objectives: To assess KAP of health practitioners towards antibiotic prescribing and microbiological 
testing in an underdeveloped country.  
  
Methods: A cross-sectional KAP survey was conducted in The Gambia from March to May 2016. Self-
administered paper based questionnaires were distributed to health practitioners working in 12 health 
facilities (6 hospitals and 6 health centers) which included 118 doctors, 80 nurses, and 43 final year 
medical students. Questionnaires were handed to and received from participants directly.  
  
Results: Out of 241 questionnaires distributed, 222 (92%) were returned; 45% of the participants were 
doctors, 35% nurses and 16% final year medical students. Respondents generally had a good 
knowledge for the indication of antibiotic use (>60%) and the appropriate tests required for specific 
diseases (>70%). Although about one third of the respondents stated that microbiology test results are 
provided in 75-100% of the cases, up to one third make request for microbiological tests or use results 
as a guide in less than 25% of patients with symptoms of possible infectious disease. Unavailable and 
non-functioning microbiology labs were considered the major reasons hindering lab result availability. 
Up to 32% of the participants reported that 25-50% of antibiotic prescriptions are inappropriate and 
such practice was seen as a general problem but to a higher extent locally (69% (health facility) and 
84% (nationally)) than globally (53%). Antibiotic resistance was stated correctly as the major 
consequence of inappropriate antibiotic use (90%) and considered a problem both globally (74%) and 
locally (57% and 70% for their health facilities and nationally respectively). Most of the participants 
agreed that inadequate supervision and poor knowledge on appropriate antibiotic use are the major 
causes of inappropriate antibiotic prescribing (69% and 79% respectively). Only 16% of the 
participants had some form of training on antibiotic prescribing in the last 12 months. In making 
prescribing decisions, most of the participants depend on advice from a senior colleague (70%) or 
their previous knowledge (71%).  
  
Conclusion: Despite a reported good knowledge on the indication of antibiotic use, a minority uses 
microbiological results as guidance for clinical decision making. Thus, there is still need to emphasize 
on the importance of microbiogical investigations to rationally apply antibiotics for effective treatment 
of infectious diseases. Regular microbiological services should be made available and antibiotic 
stewardship programs should be established to improve antibiotic prescribing.  
  
Key words: Antibiotic, prescribing, knowledge, attitude, practice, microbiological test, antibiotic 
stewardship. 
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Objectives: Systemic antibiotic usage plays an important role in the emergence of Clostridium difficile 
infections (CDI). The aim of this study was to assess a possible correlation of antibiotic usage and CDI 
in Germany’s largest university hospital.  
  
Methods: In 2014, CDI occurrence, number of patients and patient days and antibiotic usage were 
monitored monthly in 61 wards. Paediatric, psychiatric, dermatological, otorhinolaryngological and 
ophthalmological wards were excluded. CDI cases were defined as patients presenting with loose 
stools and microbiological finding of toxin-producing C. difficile. CDI with onset in the first three days of 
hospital stay and without hospital admission in the previous 4 weeks was classified as community-
acquired (CA-CDI). If previous hospital admission was reported and cases with onset later than day 3 
were classified as hospital-acquired (HA-CDI). The incidence was calculated as cases per 100 
patients and incidence density as cases per 1000 patient days. Antibiotic usage was calculated as 
defined daily doses (DDD) per 100 patient days. Spearman correlation of antibiotic usage and HA-CDI 
incidence density, uni- and multivariable analysis were performed to examine the effect of length of 
stay (LOS), bed occupancy, incidence of CA-CDI, department type and antibiotic usage on HA-CDI.  
  
Results: The surveillance period included over 101 000 patient admissions and almost 471 000 patient 
days in the 14 ICUs, 9 haematological, 20 surgical and 18 medical wards (the latter include internal 
medicine neurology and obstetrics). Median patient admissions per ward was 1582 (IQR 956-2243) 
and 7406 patient days (IQR 5305-9735) that resulted in a median LOS of 4.7 days (IQR 3.8-5.8) and a 
median bed occupancy of 83.2% (IQR 78-91). We observed 95 CA- and 172 HA-CDI cases in the 
respective time period. The median usage of systemic antibiotic was 74.6 DDD per 100 patient days 
(IQR 61.5-138.2).  
  
Univariable analysis identified several antibiotics, LOS and department type (but neither season, bed 
occupancy nor incidence of CA-CDI) to have an effect on HA-CDI. Multivariable analysis identified the 
department type as risk factor for HA-CDI: ICUs had a 16.9 times higher (IRR, 95%CI 4.5-63.1), 
haematological wards a 15.3 times higher (IRR, 95%CI 4.5-51.3) and medical wards a 2.8 (IRR, 
95%CI 0.5-16.0) times higher HA-CDI incidence density than surgical wards. While usage of 10 
antibiotic substances was correlated to HA-CDI incidence density with a correlation coefficient of >0.4, 
only ciprofloxacin (correlation coefficient of 0.369) was identified as independent risk factor for HA-CDI 
in multivariable analysis. Irrespective of department type, an increase of 1 DDD ciprofloxacin/100 
patient days increased the ward’s HA-CDI incidence density by 3%.  
  
Conclusion: Our study showed a prominent role of the ward’s department type and could confirm 
ciprofloxacin (but not clindamycin or cephalosporins) as independent risk factor for HA-CDI. 
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Staphylococcus aureus is one of the most important pathogens of nosocomial acquired infections. The 
increasing spread of multidrug-resistant strains represents a major challenge in health care and 
makes an adequate treatment constantly more difficult.  
In addition to search for new, effective antibacterial substances, the identification of novel targets and 
strategies is urgently needed. The bacterial cell envelope represents a unique and highly conserved 
structure to which a selective attack on a variety of biosynthetic reactions can take place [1].  
Most pathogens causing invasive diseases produce bacterial polysaccharide capsules that are 
covalently linked to their cell wall. The capsule thereby provides the outermost envelope of the cell 
and plays an important role in bacterial survival strategies and significantly increases virulence. It 
protects bacteria from phagocytosis by immune cells and opsonization by antibodies and the 
complement system of the host [2].  
Despite its importance, little is known about the biochemistry underlying capsule biosynthesis in S. 
aureus.  
Functional reconstitution of distinct enzymatic reactions within the capsule biosynthesis of S. aureus, 
utilizing purified recombinant enzymes and differentiated radio-labeled substrates, allowed for the first 
time a profound biochemical analysis and exact determination of kinetic parameters and the 
identification of inhibitors. Of note, key enzymes of the capsule biosynthesis were found to be inhibited 
by antibiotics from different classes. The established assays provide an excellent basis for further 
screening of compound libraries and the identification of antibiotics blocking these targets.  
  
  
[1] Schneider, T. and Sahl, H.-G. „An oldie but a goodie – cell wall biosynthesis as antibiotic target 
pathway“ Internat. J. of Med. Microbiol. 300 (2010):161-169  
[2] Taylor, C. M. and Roberts, I. S. “Capsular polysaccharides and their role in virulence.” 
Contributions to Microbiology 12 (2005): 55–66. 
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Enterococci are Gram-positive bacteria that usually live as beneficial commensals within the 
gastrointestinal tract of human and other higher organisms. However, they can cause life-threatening 
opportunistic and nosocomial infections. Enterococcus faecalis and Enterococcus faecium are the 
species with the greatest clinical relevance, being responsible for 80% of the enteroccocal infections. 
Some of them are strong biofilm producers, and therefore it is mandatory to understand how these 
pathogens regulate the process of biofilm formation. Fuqua et al. (1994)1 were the first to describe an 
intra- and interspecies communication system, called Quorum sensing, which enables bacteria to 
regulate collective behaviors like biofilm formation. One of the central signaling molecules in the 
Quorum Sensing, autoinducer 2 (AI-2), allows bacteria to monitor the population density and to adjust 
their gene expression accordingly. E. faecalis also produces AI-2, and this autoinducer affects biofilm 
formation2. It is suggested that E. faecalis has an AI-2 specific transport system belonging to the family 
of ABC-transporters. In order to experimentally verify this hypothesis, we inserted an in-frame knock 
out of the gene encoding the putative AI-2 binding protein (EF0907) in the well-studied E. faecalis 
V583ΔABC strain by double cross-over mutagenesis. In addition, we complemented this mutant E. 
faecalis V583ΔABCΔEF0907 by plasmid-encoded gene EF0907 in vector pEU327. The mutants are 
phenotypically characterized to analyze the role of this putative AI-2-binding protein in biofilm 
formation and Quorum Sensing. So far we have been able to demonstrate that the wildtype, the 
ΔEF0907 mutant and the corresponding complemented mutant show the same growth behavior. 
However, there might be differences in an in vitro biofilm formation assay. We then overproduced and 
purified the recombinant protein encoded by the EF0907 gene. Microscale thermophoresis indicated 
first evidence that rEF0907 binds AI-2. Due to the predication that AI-2 would no longer be internalized 
by the mutant, growth dependent alterations of the external concentration of AI-2 are determined by 
FRET assay. Opsonophagocytic killing assay will be also performed to assess putative changes in the 
bacterial surface of the mutants. Finally, to assess the impact of the deleted gene in E. faecalis on the 
inflammatory response induced by our strains, TNF-alpha will be measured by ELISA.  
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Colistin is a last resort antibiotic used in the treatment of infections with multi-drug resistant 
Enterobacteriaceae in particular carbapenem resistant bacteria. Resistance to colistin generally 
involves mutations in chromosomal genes of bacteria. Recently, Liu et al. reported, for the first time, a 
plasmid-mediated colistin resistance mechanism mcr-1 in animal and human isolates that can be 
transmitted by horizontal gene transfer. This unusual mechanism of polymyxin resistance is mediated 
by a phosphoethanolamine transferase-like enzyme but its exact mode of action is still unknown.  
  
Our goal is to determine the molecular mechanism underlying the colistin resistance mediated by mcr-
1 gene. We detected mcr-1 located on unrelated plasmid replicon types such as IncX4 and IncHI2. It 
is part of an operon that includes gene encoding for a putative membrane bound phosphatase. The 
role of phosphatase in colistin resistance mediated by mcr-1 is so far not understood. We used a 
translation coupling strategy to clone mcr-1 either individually or in combination with the putative 
phosphatase in a high copy number vector (pUC19) with inducible expression. A transformant of E. 
coli that harboured pUC19-mcr-1 exhibited a 4-fold increase in the minimum inhibitory concentrations 
(MIC) of colistin as compared to an empty vector control. The combination of mcr-1 with phosphatase 
led to an additional twofold increase in colistin MIC. 
  
These results indicate that expression of the mcr-1 gene along with the putative phosphatase does 
impact colistin resistance. Further work is required to determine the interaction mechanism between 
mcr-1 and the phosphatase gene. 
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Listeriolysin O (LLO), the cholesterol-dependent cytolysin (CDC) of Listeria monocytogenes, a 
facultative intracellular pathogen causing the life-threatening disease listeriosis, forms pores in the 
plasma membrane (PM) of host cells. The toxin consists of 4 domains (D1-D4). PM binding is 
mediated by D4. Pore formation induces many host signaling pathways including autophagy, a major 
catabolic pathway that degrades cytoplasmic components, damaged organelles, protein-aggregates 
and intracellular pathogens. Activation of autophagy requires the conversion of microtubule-associated 
protein 1-light chain 3 (LC3)-I to LC3-II.  
Using purified D4 which is still able to bind PM but does not form pores indicates that binding to the 
PM is not sufficient to induce LC3 conversion. However, treatment of macrophages with LLO variants 
which still bind to the PM but have lower pore forming activities triggers LC3 conversion. LC3-
conversion is phosphatidylinositol 3-kinase dependent but does not require NADPH oxidase activation 
or reactive oxygen species. 
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Background: The main objective of hospital hygiene and infection prevention is to protect patients from 
preventable nosocomial infections. It was recently stated that the proper goal should be for zero 
infection rates in sterile surgical procedures. In this article, we attempt to determine whether this 
demand is supported by the available literature.  
 
Methods: We systematically searched the Medline and EMBASE databases for studies published in 
the last 10 years on the efficacy of infection control measures and carried out a meta-analysis 
according to the PRISMA tool. We used the following search terms: "aseptic surgery," "intervention," 
"surgical site infection," "nosocomial infection," "intervention," and "prevention."  
 
Results: 2277 articles were retrieved, of which 204 were acquired in full text and analyzed. The 
quantitative analysis included 7 prospective cohort studies on the reduction of nosocomial infection 
rates after aseptic surgery. The measures used included training sessions, antibiotic prophylaxis, and 
operative-site disinfection and cleaning techniques. These interventions succeeded in reducing 
postoperative wound infections (relative risk (RR] 0.99 [0.98; 1.00]). Subgroup analyses on antibiotic 
prophylaxis (RR 0.99 [0.98; 1.01]) and noncontrolled trials (RR 0.97 [0.92; 1.02]) revealed small, 
insignificant effects.  
 
Conclusion:  
A multimodal approach with the participation of specialists from various disciplines can further reduce 
the rate of postoperative infection. A reduction to zero is not realistic and is not supported by available 
evidence. 
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In the last decades Enterococci have emerged as an opportunistic pathogen in the hospital setting 
displaying multiple-antibiotic resistances. The rise in prevalence of enterococcal infections in humans 
is influenced to some degree by the ability of this organism to escape the action of most commonly 
used antibiotics. Cell surface bacterial determinants, such as polysaccharides and cell-wall associated 
proteins, have been demonstrated to contribute to enterococcal pathogenesis and evasion of host’s 
immune system. Therefore, is not surprising that alternative treatments to fight enterococcal infections, 
such as vaccine therapy aim the targeting of these molecules. In Enterococcus faecalis the cell wall 
polymer diheteroglycan DHG, previously described by Theilacker et al., has been proven to induce 
opsonic and cross-protective antibodies against E. faecalis encapsulated strains. In the present work, 
we evaluated the potential use of this cell wall polysaccharide conjugated to the immunogenic 
secreted protein SagA from E. faecium in order to develop a cross-species vaccine to fight 
enterococcal infections. The purification of DHG and SagA protein was performed as described 
previously by Theilacker et al. and Kropec et al., respectively. Polysaccharide was conjugated to SagA 
protein by cyanylation reaction with CDAP at 1:1 ratio. The glycoconjugate was used to immunize 
animals and resulting sera (anti DHG-SagA) was evaluated by in vitro opsonophagocytic assay 
against E. faecalis and E. faecium strains. Blood serum of animals showed increasing IgG titers 
against DHG-SagA conjugate, DHG and SagA antigens after immunization. Polyclonal DHG-SagA 
antibodies showed effective opsonophagocytic killing activity not only against evaluated E. faecalis 
strains displaying DHG in their capsule but also E. faecium strains expressing SagA protein. However, 
killing activity of the serum was higher when targeting DHG antigen (> 70%) than when targeting SagA 
protein (> 30%). These results suggest a potential use of enterococcal protein as carrier proteins for 
vaccine formulations against this pathogen. Also, we demonstrate the feasibility of the DHG-SagA 
glycoconjugate as a potential vaccine candidate against enterococcal infections.  
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Background  
Published data suggest that up to 50 % of all hospitalized patients receive antibiotics, and 30-47 % of 
inpatient antibiotic prescriptions are unnecessary or inappropriate [1, 2]. This causes avoidable 
healthcare expenditures and increasing rates of antibiotic resistance, in particular caused by the 
overuse of 3rd generation cephalosporins (3-CEPH) and fluoroquinolones (FQ). The WHO 
emphasized the importance of Antibiotic Stewardship Programs (ASP) for monitoring and promoting 
the optimization of antimicrobial use [3]. Given the lack of empirical data from German pediatric 
hospitals, the aim of this study was to assess the antibiotic use and evaluate the impact of an ASP-
bundle approach on rational antibiotic therapy in our pediatric tertiary care center.  
  
Methods  
During a prospective four-month period (phase I), patients’ characteristics and therapeutic parameters 
of all patients receiving any systemic antibiotic treatment were collected at bedside on four general 
pediatric wards. Tailored to the studied areas of improvement, internal guidelines on empiric antibiotic 
therapy, regular pediatric ID ward rounds (prospective-audit-with-feedback), and an ID consultation 
service were implemented. The effect of the ASP was monitored during a four-month post-intervention 
period (phase II). Antibiotic consumption data (days of antibiotic therapy per 1000 patient-days, 
DoT/1000 PD) was analyzed overall and on antibiotic class level. As a specific question, guideline 
adherence was evaluated regarding empiric treatment of community acquired pneumonia (CAP) in 
patients >6 months of age without severe comorbidities.  
  
Results  
Total antibiotic use was decreased by 10.5 % from 483.6 (phase I) to 432.9 DoT/1000 PD (phase II). 
Usage of targeted antibiotics was reduced substantially by 22.3 % (3-CEPH) and 59.9 % (FQ), 
respectively. As intended, narrow and intermediate spectrum penicillins were prescribed more often 
(+38.4 %) in phase II. Guideline adherence for empiric treatment of patients diagnosed with CAP (38 
in phase I and 31 patients in phase II) improved significantly from 39.5 % (phase I) to 93.5 % (phase 
II) (p<0.0001).  
  
Conclusions  
Our data demonstrate that successful implementation of an interdisciplinary ASP-bundle approach has 
a profound impact on rational antibiotic use. Guideline adherence improved significantly and broad-
spectrum antibiotics could be successfully replaced by antibiotics with narrower spectrums. This study 
may be used as a comparison for the implementation of ASP in other pediatric hospitals.  
  
1. Hecker, M.T., et al., Unnecessary use of antimicrobials in hospitalized patients: Current patterns of 
misuse with an emphasis on the antianaerobic spectrum of activity. Archives of Internal Medicine, 
2003. 163(8): p. 972-978.  
2. Ingram, P.R., et al., Point-prevalence study of inappropriate antibiotic use at a tertiary Australian 
hospital. Intern Med J, 2012. 42(6): p. 719-21.  
3. WHO, Global Action Plan on Antimicrobial Resistance. 2015. 
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A point of care testing system that rapidly detects all frequently encountered antibiotic resistances of 
Escherichia coli in urine samples to guide initial antibiotic treatment of urinary tract infections and 
therefore promote antibiotic stewardship is highly desirable. We used whole genome sequencing to 
obtain a detailed overview of all E.coli isolates from urine samples of outpatient and hospitalized 
patients from local urology wards since the beginning of 2016. Here we report on the genomes of the 
first 162 assembled and analysed genomes on our newly developed bioinformatics platform ASA3P.  
The age of patients sampled ranged from 5 to 88 years with a median of 66. Of these 52% were from 
females and included 40% in-, and 60% out-patients. A large portion of bacteria (16%) were of 
sequence type (ST)-131 with no significant bias for gender, age or hospitalization status. This was 
followed by ST-141, ST-69, ST-73 and ST-127 representing 5-6% each. The remaining 60% isolates 
represented over 51 STs indicating great diversity in the reservoir of circulating bacteria. Genomic 
analysis reflects this, with an almost steady core genome of about 2,4k genes and an open pan 
genome of slightly more than 23k genes.  
In all, 50% of isolates were sensitive to ampicillin, 59% to ampicillin/sulbactam and 86% to cefotaxime, 
and 100% to imipenem and meropenem. Effectiveness of β-lactam-antibiotics decreased with age, as 
age ≥ 66 was a risk factor for resistance to ampicillin (OR 2.2, CI 1.1-4.4), ampicillin/sulbactam (OR 
2.3, CI 1.1-4.7), and cefotaxime (OR 4.1, CI 1.3-13.3) to. In silico analysis of genome data indicated 
that 51% of isolates had no β-lactamases, 29% harboured blaTEM-1B only, and another 6% blaTEM-
1B in combination with other β-lactamases. 13% of isolates carried a CTX-M-allele, most commonly 
blaCTX-M-15(9%). 26% of isolates were resistant to trimethoprim/sulfonamide; sul1 and sul2 were 
present in 11% each, with another 9% harbouring both genes. The most common trimethoprim 
resistance gene was dfrA17.  
The genome-based analysis also led to the detection of a mcr-1 carrying colistin-resistant isolate with 
otherwise unremarkable antibiotic resistance profile, from a patient with no prior colistin treatment, 
suggesting a hitherto unsuspected prevalence of such strains in the general population.  
From the current dataset of we conclude that a significant number of E. coli isolates from urine 
samples could be cleared with narrow-spectrum antibiotics, and that there are only a small number of 
genes mediating resistance to commonly used antibiotics. The challenge is to provide this information 
at point of care to assist empirical treatment. Further extension of this data will enable the identification 
of suitable targets for rapid nucleic-based point of care tests to provide assistance particularly in those 
acute cases where surgery is warranted and timely germ load reduction is desired. 
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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, bactericidal 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. 
During the first funding period, 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 will be produced at high amount in GMP quality. Formulation in an application-friendly 
and stable dosage form is currently optimized and toxicological 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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Helicobacter pylori infection is one of the most prevalent infections worldwide, affecting approximately 
50% of the world’s population. The presence of certain bacterial virulence factors as well as the 
manipulation of host’s immune responses have allowed the bacterium to colonize the hostile 
environment that represents the human stomach. Due to the adverse conditions found in the gastric 
epithelium, the stomach was considered an organ free of microbial life for many years. However, 
many different bacterial species can be found in the stomach, which might be influenced by the 
presence of H. pylori and in turn affect H. pylori-associated gastric pathology. Recent research has 
indeed suggested changes in the gastric bacterial composition during H. pylori infection and H. pylori-
induced gastric disorders. Still, how H. pylori infection influences the stomach flora and which 
consequences this has for stomach physiology and disease remain unclear. We have observed that 
upon H. pylori infection, the expression of the C-type lectins Regenerating (Reg) protein Reg3β and 
Reg3γ is upregulated in the stomach of infected mice. This was accompanied by the up-regulation of 
IL-22, a cytokine described to be involved in the regulation of Reg proteins in the intestine, as well as 
by activation of the transcription factor STAT3. To determine whether Reg3β and Reg3γ expression by 
gastric epithelial cells in response to H. pylori infection contributed to control and therefore to clearing 
of the infection, we assessed the effect of both proteins on H. pylori growth. Notably, no changes in H. 
pylori growth were detected after incubation with Reg proteins. We thus hypothesize that activation of 
Reg3β and Reg3γ expression upon H. pylori infection might represent a novel mechanism by which 
the bacterium controls the growth of certain gastric bacterial species and thereby influences the 
composition of the gastric microbiota, which can eventually have a major impact on H. pylori-related 
gastric pathology. 
 
 
 
 
 



TTU Gastrointestinal Infections 

 120 

P 57 
 

Identification of a novel compound inhibiting the Salmonella Type III Secretion System 
I. Grin1, M. Riess1, A. Naini2, S. Westerhausen1, A. Poso3, M. Brönstrup2, S. Wagner1 

1Interfaculty Institute of Microbiology and Infection Medicine, Universitätsklinikum Tübingen, Tübingen, 
Germany, 2Helmholtz-Zentrum für Infektionsforschung GmbH, Braunschweig, Germany, 3Dept. of 
Internal Medicine I, Universitätsklinikum Tübingen, Tübingen, Germany 
 
Antibiotic resistance of bacteria is a serious emerging threat and hence the search for new antibiotics 
is of high priority. A novel class of antibacterial compounds that block infection instead of killing 
bacteria is thought to exhibit a lower potential for the development of resistance because of a reduced 
selection pressure compared to conventional antibiotics. These antiinfectives target virulence 
mechanisms of pathogenic bacteria such as adhesion determinants or toxin delivery systems.  
  
Type III secretion systems of Gram‐negative bacteria, often enteropathogens, serve the injection of 

bacterial effector proteins into eukaryotic target cells to promote infection and colonization. Type III 
secretion systems are not only excellent targets for antiinfectives because the virulence of many 
pathogens depends on these systems but also because type III secretion systems are highly 
conserved and hence a single drug has the potential to act against a broad spectrum of 
enteropathogens.  
  
We identified drugable pockets in the cytoplasmic domain of the major export apparatus protein of the 
type III secretion system‐1 of Salmonella Typhimurium and ran an in silico screen with a commercially 

available compound library to identify binding compounds with a potential to inhibit type III secretion.  
  
Candidate compounds were tested by several in vivo assays for their effect on type III‐dependent 

secretion. One compound was identified that showed a strong inhibitory effect on type III secretion 
while leaving the viability of bacterial and eukaryotic cells unaffected. Besides exhibiting an instant 
inhibitory effect on type III secretion ‐ as one would expect for a compound acting on the major export 

apparatus protein ‐ the compound also strongly reduced the overall expression of pathogenicity island 

1 encoding the type III secretion system under investigation.  
  
To elucidate the mechanism of action of the identified compound we followed a dual strategy. On the 
compound side, we investigated the structure-activity-relationship using a series of structurally related 
compounds. On the bacterial side, we used a qRT-PCR and mRNA-seq based approach to determine 
probable interaction partners in the regulatory network of the type III secretion system. 
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Background: The SPECTRUM (DZIF: Multicenter, prospective cohort study for microbiota-defined 
and clinical prediction factors for colonization with Clostridium difficile or C. difficile infection in high 
risk groups, DRKS00005335) study aims at the identification of clinical and microbiota-derived risk 
factors for the colonization and infection with C. difficile in patient groups at risk.  
 
Aim: The aim of this analysis was to provide epidemiologic data on the prevalence of toxigenic and 
non-toxigenic C. difficile strains upon hospital admission, and the rates of colonization during in-
hospital stay in the SPECTRUM cohort.  
 
Methods: 1508 patients belonging to pre-defined risk groups (malignancy, end-stage kidney disease, 
organ or stem cell transplant, chronic inflammatory bowel disease) were recruited within 48h of 
hospital admission to one of the 5 study sites (Hannover, Cologne, Tübingen, Munich and Lübeck). 
Stool samples were collected on admission, in case of CDI diagnosis, and at discharge, and screened 
for C. difficile using glutamate dehydrogenase testing (GDH EIA, Techlab, Blacksburg, USA). PCR 
method targeting the toxin genes for toxin A (tcdA) and B (tcdB) was performed with a standardized 
real-time PCR assay (Bio-Rad, Hercules, CA, USA) for all stool samples of patients with at least one 
positive GDH test. Toxin PCR positivity was defined as a positive result for tcdA, tcdB, or both.  
 
Results: Samples of 921 patients providing >1 fecal sample were analyzed. Average length of 
hospital stay was 7.16±8.04 days. The GDH test was positive on admission and at discharge in 5.97% 
(+/+, n=55), on admission only in 4.13% (+/-, n=38), and at discharge only in 3.15% (-/+, n=29). 53.9% 
of patients with a positive GDH test on admission were also toxin positive (n=48). In the +/+ group, 
7.4% became toxin positive, and 14.8% became toxin negative, respectively. Of those who were +/- at 
GDH testing, 42,9% (n=15) also lost toxin positivity during in-hospital stay. When a positive GDH test 
developed in the study (-/+), this was paralleled by a newly positive toxin assay in 44.8% (n=13).  
 
Summary and Conclusion: In this prospective, multicentric study, a significant proportion of subjects 
belonging to high-risk groups tested positive for the presence of C. difficile upon hospital admission. 
Overall, 55% of the patients with a positive GDH test also displayed a positive toxin assay. 
Importantly, patient subgroups were identified which either acquired or lost C. difficile colonization 
during their hospital stay. Analysis of clinical data and fecal microbiota of these patients is expected to 
identify risk factors for C. difficile colonization and infection. 
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Substantial decrease of Shiga toxin-mediated cytotoxicity by liposomal pectin- 
derived neoglycolipids, and neoglycoproteins as potential Shiga toxin inhibitors 
G. Pohlentz1, J. Müthing1, P. Dersch2, H. Karch1 
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Enterohemorrhagic Escherichia coli (EHEC), a subset of Shiga toxin (Stx)-producing E. coli (STEC), 
give rise to severe and life-threatening diseases like the hemolytic uremic syndrome (HUS). The initial 
point for cell destruction by Stxs is their binding to the genuine receptor globotriaosylceramide 
(Gb3Cer) on the cell surface. The present project aims the development of novel concepts to prohibit 
Stx from binding to endothelial target cells and thereby to alleviate Stx-mediated cytotoxicity. Starting 
from plant polysaccharides, a set of oligosaccharides was prepared and transferred to phospholipids 
to obtain neoglycolipids (neoGLs). Binding of various Stx subtypes to these neoGLs was 
demonstrated by thin-layer chromatography overlay assays, and individual Stx-binding neoGLs were 
identified and structurally characterized by nanoelectrospray ionization mass spectrometry (nanoESI 
MS). Cytotoxicity assays using Vero-B4 cells (“gold standard”) and human brain microvascular 
endothelial cells (HBMECs) were evolved to explore the potential of the plant oligosaccharide-derived 
neoGLs for inhibiting Stx binding to the cell surface receptors and to reduce Stx-mediated cytotoxicity. 
NeoGLs were inserted into liposomes and the quality of these supramolecular structures in terms of 
size and uniformity was checked by dynamic light scattering. Stx1a and Stx2a inhibition assays with 
Vero-B4 cells revealed a substantial decrease of Stx-mediated cellular damage in the presence of 
neoGL-containing liposomes. An additional attempt for producing multivalent Stx inhibitors was made 
by preparing neoglycoproteins (neoGPs). As model neoGPs Gb3-MYG and Gb3-BSA were obtained 
by coupling Gb3 oligosaccharides to myoglobin (MYG) and bovine serum albumin (BSA). Gb3-MYG 
was shown to contain 11 to 19 glycan moieties by nanoESI MS and binding of Stx1a and Stx2a to 
both neoGPs was demonstrated by ELISAs. Currently, Gb3-MYG and Gb3-BSA are tested in Vero-B4 
cell cultures for their Stx-neutralizing potency. Thus, our newly produced neoGPs in addition to 
functional active neoGLs provide a reliable and challenging basis for novel treatment options 
regarding amelioration and prevention of Stx-mediated diseases, whereby neoGPs enrich the arsenal 
of potential Stx blockers. 
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Establishment and optimisation of a mouse model for EHEC- and Shiga toxin-
mediated pathogenesis 
S. Mühlen, A. Rolof, P. Dersch 
Helmholtz Zentrum für Infektionsforschung, Braunschweig, Germany 
 
Enterohaemorrhagic Escherichia coli (EHEC) is the food-borne pathogen that causes acute watery 
and potentially bloody diarrhea. The infection can develop into a life-threatening disease, such as 
haemolytic-uraemic syndrome (HUS), which is characterised by acute renal failure and 
thrombocytopenia.  
The progression of the disease can be attributed to the production of a potent cytotoxin, the Shiga 
toxin. Although expressed at the site of infection, the toxin spreads throughout the body and has been 
shown to induce cell death of kidney cells, which express the host toxin receptor, Gb3, on their 
surface.  
  
Many mouse models have been developed in recent years in an attempt to study EHEC- and Shiga 
toxin-mediated pathogenesis in-vivo1. Most models, however, lack certain aspects that are essential 
during an infection with Shiga toxin-producing Escherichia coli (STEC). In 2012, Mallick et al2 
developed a mouse model based on the mouse-specific attaching and effacing (A/E) pathogen 
Citrobacter rodentium. C. rodentium belongs to the same family as enteropathogenic E. coli (EPEC) 
and EHEC and shares large homologies with the two human pathogens. It adheres well to the mouse 
intestinal epithelium, resulting in the formation of the characteristic A/E lesions, a feature that is 
lacking when infecting mice with EHEC. Mallick et al2 introduced the lysogenic phage encoding Shiga 
toxin 2 from EHEC into C. rodentium, resulting in a strain (C. rodentium Φstx2dact) that mimics a 
human STEC infection in mice.  
  
Here, we describe the adaptation and optimisation of the published mouse model which will allow us 
to evaluate potential anti-infective strategies such as type III-secretion inhibitors as well as inhibitors 
for Shiga toxin pathogenesis in-vivo in the future.  
  
1 Mohawk KL and O'Brien AD (2011). Mouse models of Escherichia coli O157:H7 infection and shiga 
toxin injection. J Biomed Biotechnol. 2011. 
  
2 Mallick EM et al. (2012). A novel murine infection model for Shiga toxin-producing Escherichia coli. J 
Clin Invest. 2012 Nov;122(11). 
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Analyzing microbiota composition changes in a preclinical C57BL/6 mouse model of 
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The gastrointestinal tract contains the most complex bacterial community in the human body, which 
protects its host from colonization and infection by pathogenic/opportunistic organisms. Esp. patients 
under immunosuppression are threatened by nosocomial opportunistic infections, such as extensively 
drug-resistant (XDR) Pseudomonas aeruginosa. Colonization is favored under prophylactic broad 
spectrum antibiotic therapy, which disrupts the microbiota-mediated colonization and infection 
resistance. This project seeks to clarify the role of the microbiota using a C57BL/6 mouse model for 
preclinical evaluation of interventions targeting the GI microbiota. Mice are orally exposed to P. a. 
strains, including XDR isolates from hemato-oncological patients. Immunodeficiency and alterations in 
the microbiota are induced through cyclophosphamide injection, antibiotic pre-treatment and/or fecal 
transplantation. The animals’ susceptibility to colonization and infection is evaluated via CFU counts, 
while 16S-amplicon-based sequencing of the microbiota facilitates analyses of changes to the 
microbial pattern before, during and after treatment/exposure in correlation with the level of 
colonization. Based on this data, an oligoflora for further intervention trials and potential suppression 
of P. a. colonization in the murine host can be defined." 
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Type I interferon signaling impairs anti-oxidative stress responses in Salmonella 
Typhimurium-infected macrophages 
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Salmonella enterica serovar Typhimurium (S. Typhimurium) is a gram-negative, facultative 
intracellular pathogen that has evolved several strategies to evade the host’s immune defense. One 
key virulence strategy used by S. Typhimurium is the induction of cell death in macrophages. We have 
previously demonstrated that S. Typhimurium exploits the host´s type I interferon (IFN-I) response to 
eliminate macrophages by inducing RIP1- and RIP-3-mediated necroptosis. However, the trigger for 
IFN-I-dependent cell death upon S. Typhimurium infection remains elusive. Here, we show that S. 
Typhimurium infection causes IFN-I-mediated mitochondrial damage and energy depletion in 
macrophages, resulting in the transient activation of autophagy to maintain energy homeostasis. 
During later stages of S. Typhimurium infection, however, autophagy is inhibited leading to reduced 
LC3 I to II conversion and increased p62 levels. p62 subsequently interacts with Keap1, which results 
in the stabilization and nuclear translocation of Nrf2, a master regulator of antioxidant responses. 
Nuclear Nrf2 induces the transcription of anti-oxidative and cellular defense genes, such as Nqo1 and 
Ho-1. Importantly, IFN-I signaling critically impairs Nrf2 stabilization and nuclear translocation through 
transiently enhanced autophagic turnover of p62. Reduced Nrf2 levels consequently attenuate the 
anti-oxidative stress response against S. Typhimurium infection. Taken together, our study identifies 
IFN-I as a negative regulator of anti-oxidative stress responses in S. Typhimurium-infected 
macrophages. Disturbed redox homeostasis might act as the trigger for cell death upon S. 
Typhimurium infection in macrophages. 
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baiCD gene abundance in C. difficile-colonized and –non-colonized patients 
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Background: Secondary bile acids are thought to play an important role in mediating colonization 
resistance to C. difficile1. The bile acid-inducible operon baiCD, encodes a 7α-hydroxysteroid 
dehydrogenase enzyme, a key component of secondary bile acid biosynthesis. We therefore 
investigated whether the abundance of the baiCD gene is negatively associated with C. difficile 
colonization.  
Methods: Fecal samples of 177 patients admitted to the hospital in the preceding 48 hours 
(SPECTRUM study patients that were lost-to-follow-up recruited in Hannover, Cologne and Tübingen) 
were screened for C. difficile using glutamate dehydrogenase testing (GDH EIA, Techlab, Blacksburg, 
USA). PCR detection of toxin genes tcdA and tcdB was performed with a standardized real-time PCR 
assay (Bio-Rad, Hercules, CA, USA) for all GDH test positive samples. The detection of the baiCD 
genes was carried out using a newly developed quantitative polymerase chain reaction (PCR)-based 
assay (Bio-Rad, CFX96 Real-Time System) with primers that were designed using known nucleotide 
sequences from different baiCD genes described for Clostridium scindens VPI 12708, Clostridium 
scindens VE202-05 and Clostridium hiranonis TO-931. 
Results: In 26 GDH test positive samples, baiCD was detected in 46.2% (n=12). In comparison, in 
GDH test negative samples, the abundance of baiCD appeared slightly higher (59.6%, n=90, 
Student´s t-test p>0.05). 65.4% (n=17) out of the 26 GDH test positive samples were also toxin 
positive. In the GDH- and toxin positive samples, 47% (n=8) were baiCD positive. In the GDH positive, 
but toxin-negative samples, the prevalence of baiCD gene cluster was 44.4% (n=4, Student´s t-test 
p>0.05).  
Conclusion: In this cohort, the abundance of the baiCD genes was not statistically different between 
fecal samples of patients colonized with toxigenic vs. non-toxigenic C. difficile. In the absence of C. 
difficile, the abundance of baiCD was numerically increased, pointing to a possible role in mediating 
colonization resistance, although this difference did not reach statistical significance. Further studies 
are needed to assess the relevance of baiCD in larger cohorts.  
  
1. Buffie CG, Bucci V, Stein RR, McKenney PT, Ling L, Gobourne A, et al. Precision microbiome 
reconstitution restores bile acid mediated resistance to Clostridium difficile. Nature 2015; 517(7533): 
205-8. 
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The DZIF Transplantation Cohort e.V. 
D. Schindler 
Klinikum rechts der Isar, München, Germany 
 
Infections in transplant recipients have a decisive impact on the overall therapy success and clinical 
outcome, but many issues are still poorly understood. For example, little is known about the long-term 
consequences of defined infections on graft survival/function and graft- versus-host disease (GvHD), 
the role of individual susceptibility to bacterial, viral and fungal colonisation under immune 
suppression, the evolution of the antimicrobial T cell repertoire, the long- term impact of anti-infective 
therapy on graft and patient survival or changes in the physiological microbiome that may be 
significant for colonisation with pathogenic and antibiotic-resistant microbes. Taking advantage of the 
fact that the university hospitals which are partners in DZIF have sizeable transplantation programs, 
we have started to establish a large multicentre prospective observational cohort of transplant 
recipients. A prospective cohort study will allow correlating infections and immune alterations with the 
development of transplant complications in a prospective manner. Worldwide, there are only few 
prospective cohort studies on transplant patients with a focus on infectious disease using a 
standardized protocol for the collection of multiple biosamples at defined time points before and after 
transplantation. To allow careful epidemiological analysis of the impact of infections on transplant 
function and survival, data acquisition based on systematic and quality-controlled criteria becomes 
essential. In addition to clinical data, a range of biological samples are collected and stored on a 
regular basis. The cohort study is designed such that it will be open to using modern genomic and 
epigenomic technologies for future analyses. Following extensive discussions among the participating 
DZIF institutions, a study protocol has been agreed, consent from the local institutional review boards 
and data protection officers have been obtained, a databank for collecting patient data and information 
on stored biosamples has been programmed. The DZIF transplant cohort has been registered as an 
association (‘eingetragener Verein’) and the relevant committees (executive board, scientific steering 
committee, general assembly) have been established and have met on several occasions. The first 
pilot studies have been successfully performed at all participating centers, and large-scale patient-
recruitment and biological sample acquisition has been started. 
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Background  
Patients undergoing lung transplantation (LTx) due to end-stage lung disease are at high risk for 
infectious and immunological complications. To date, there are no good prognostic markers available 
enabling to avoid these complications by a targeted adjustment of immune-suppressive therapy. Lung 
microbiota have been proposed as a potential prognostic marker for complications after LTx since the 
recipient upper respiratory tract is challenged with the completely new immunological and 
microbiological landscape of the donor lower respiratory tract. However, no previous study has looked 
in detail into how lung microbiota patterns are associated with the development of complications after 
LTx. Our study aims to investigate if the dynamic changes of lung microbiota after LTx can be used for 
predicting complication-free survival and how the prognostic ability of lung microbiota patterns 
compares to proposed clinical markers.  
  
Study design  
We conduct a clinical cohort study with 50 LTx patients transplanted at Hannover Medical School 
using data and biomaterials collected within an existing patient registry. Patients are followed up 
based on a routine protocol for at least 18 months after LTx; bronchoalveolar lavage samples are 
obtained from the study participants at 3, 6, and 12 months after LTx. DNA is extracted from all 
samples using phenol-chloroform extraction, and bacterial composition of the samples is then 
assessed using 16S rRNA sequencing on an Illumina MiSeq platform. Sequences are further 
processed in a mothur-based pipeline, grouped in operational taxonomic units (OTUs), and assigned 
to taxonomy using the RDP classifier. Subsequently, high-dimensional taxonomic microbiome data are 
merged with clinical data obtained during the follow-up period.  
  
Analysis concept  
Investigating how dynamic processes in high-dimensional data can be used as a prognostic marker for 
a survival processes is methodologically not straight forward. Based on a literature review, we 
identified methods used previously for prediction in the area of microbiome research, supplemented 
them with more sophisticated statistical methods from other application areas and tested the identified 
methods against each other in simulation studies. Based on the simulation results, we developed a 
three-step data analysis concept. First, prognostic accuracy is tested for microbiome data at each time 
point separately using machine learning algorithms as implemented in the Random survival Forest 
approach. In a second step, longitudinal patterns of lung microbiota are linked to the survival process 
using a joint modelling approach in combination with PCA-based dimension reduction; prognostic 
accuracy is then assessed in a dynamic prediction model. In the final step, clinical and high-
dimensional data will be combined and their joint prognostic accuracy will be assessed in a clinical 
offset model. 
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Human Cytomegalovirus (CMV) is a ubiquitous pathogen causing a life-long latent infection due to 
cellular latency. Primary infection of immunocompetent individuals is mostly subclinical. However, in 
immunocompromised patients, e.g. after solid organ- or hematopoietic stem cell transplantation 
(HSCT), CMV-reactivation remains a major source of morbidity and mortality. T cells are the main 
progenitors in viral control and therefore, adoptive transfer of CMV-specific T cells is currently 
evaluated for the treatment of HSCT recipients. Due to the reason that CMV expresses several 
proteins interfering with the host immunity, the transfer of CMV-specific T cells might be counteracted 
by CMV’s immune evasion strategies. It was shown that the HLA-C*0702-molecule is less susceptible 
to CMV-caused downregulation making HLA-C*0702-restricted CMV-specific T cells an attractive 
target for adoptive T cell therapy. In order to enable a clinical grade isolation of CMV-specific T cells, 
we used the IE-1309-317 epitope for the generation of a reversible C7/IE-1-Streptamer. In addition, we 
utilized the new reagent to characterize the phenotypical and functional properties of this promising T 
cell population in detail.  
Analyzing 20 healthy individuals we found high frequencies of multimer+ T cells (mean = 14.9%) and 
strong functional response after stimulation (IFNγ+; mean = 6.7%). Correlation of multimer-positive and 
IFNγ-secreting T cells revealed an intermediate fit of r2 = 0.77. Analysis of Killer immunoglobulin-like 
receptor (KIR) expression on CD8+ T cells verified that KIR2DL2/3 can bind epitope-independently the 
HLA-C-StrepTamer. Multimer double stainings with a cancer epitope-specific HLA-C-multimer enabled 
the distinction of epitope-specific from epitope-independent binding. Reanalysis of the 20 healthy 
individuals revealed a reduced number of single C7/IE-1-Streptamer+ T cells (9.97%) correlating now 
strongly (r2 = 0.96) with functional properties. Furthermore, we detected substantial numbers of C7/IE-
1-restricted T cells within the central memory compartment, qualifying C7/IE-1-specific for expansion 
after adoptive T cell transfer. In addition, specific enrichment of C7/IE-1-restricted T cells with a purity 
of 88.3% was achieved after controlling properly epitope-independent binding by depletion of 
KIR2DL2/3-expressing CD8+ T cells.  
Taken together, a reversible C7/IE-1-Streptamer was successfully generated, enabling the purification 
of C7/IE-1-restricted T cells after depletion of KIR-expressing T cell. A serial clinical grade enrichment 
of unmanipulated T cells for adoptive T cell therapy seems possible by a combinatorial use of C7/IE-1-
Streptamers with KIR2DL2/3-specific Fab-StrepTamers. This could give clinical access to large and 
functional C7/IE-1-restricted T cell populations with high central memory content qualifying them 
particularly for prophylactic adoptive T cell therapy. 
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Introduction  
The immunesystem is maturating in early childhood. The role of infections and the microbiome for the 
development of the immune system during childhood remains understudied. Particularly, there is a 
lack of studies simultaneously collecting biomaterials and data that allow assessing the process from 
the life course perspective, thus addressing the continuity of exposures and how they affect outcomes. 
To address these challenges, we developed the LöwenKIDS study.  
 
Methods  
We conduct a multicenter birth cohort study with focus on infections, microbiome, and immune 
development. Parents fill in a diary with information on symptoms of respiratory and gastrointestinal 
infections and collect nasal swabs or stool samples in case of symptoms as well as samples for the 
analysis of the microbiome. This is done prospectively during the first 6 years of life and will allow 
assessing a complete history of infections in participants. Blood sampling is intended at age the age of 
one and two years. Follow up for further 9 years is agreed upon. 
 
Results  
The study was implemented in four study regions (Braunschweig/Hannover, Bremen, Halle (Saale), 
Munich) and recruitment is ongoing. Between February 2015 and July 2016, 349 participating families 
were recruited. By July 2016, 314 children were born and 169 were older than 6 months. Preliminary 
data from the symptom diaries showed that the majority of the participating parents completed 75% or 
more of the required days. For the first six months of life, the first 100 participants reported 168 
episodes of acute respiratory illness in the diaries. Data from the baseline questionnaire were 
available for 272 parents. The average age of the parents was 32.9 years (mothers) and 35.4 years 
(fathers). More than half of the participating parents (mothers 69.1%, fathers 68.0%) were holding a 
university degree or higher vocational training. It was the first pregnancy for 62.5% of the mothers. 
The majority of the mothers (72.1%) and fathers (62.5%) reported chronic diseases in their family (for 
themselves, parents, or siblings). Atopic dermatitis (mothers 28.3%, fathers 20.2%) and asthma 
(mothers 18.8%, fathers 18.8%) were most frequent. Half of the parents (mothers 58.5 %, fathers 
54.4%) reported at least one allergic disorder. Thus, for 79.8% of the children a family predisposition 
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for an allergic disorder can be assumed.  
Parents sent 576 asymptomatic stool samples and 554 asymptomatic nasal swabs until July 2016 for 
the analysis of the microbiome, as well as 167 symptomatic stool samples and 628 symptomatic nasal 
swabs. 69 children reached the age of one year and 33 provided blood samples. We plan to recruit 
700-800 families in total.  
 
Conclusion  
We successfully established a multicenter birth cohort study focusing on infections during childhood in 
Germany. This is the largest study of this kind worldwide and the only one to combine symptom diary 
data with collection of biomaterials on microbiome and infections. 
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Herpesviruses are responsible for multiple diseases in humans with a high percentage of the 
population being infected. Herpesviruses cause many severe pathological conditions that compromise 
vital organs, particularly in immunocompromised patients. Although there are a limited number of 
antivirals against herpesviruses in clinical use, some of them are associated with severe side effects, 
and long-term treatment, for example with acyclovir, can result in the emergence of resistant strains, 
especially in immunocompromised patients. Thus, there is an unmet demand to develop novel 
therapies against herpesviruses.  
We therefore developed sensitive and specific medium-throughput assays to screen about 18,000 
compounds from two commercial libraries for their potential to inhibit replication of herpes simplex 
virus type 1 (HSV-1), human cytomegalovirus (HCMV), and Kaposi’s sarcoma associated herpesvirus 
(KSHV) under S2 biosafety conditions using GFP reporter strains. For HSV-1 cells were infected in the 
presence of the compounds for two days, and the supernatants were collected to infect new cells to 
identify potential effects on virus production. For HCMV, cells were infected at a low MOI and treated 
for 6 days prior to the analysis of virus spread. Concerning KSHV, latently infected cells were triggered 
to induce lytic replication and jointly treated with compounds during 3 days. Supernatants were 
collected and used to infect new cells for another three days before GFP signal quantification.  
We have developed a novel online bioinformatics tool (CYAME) to analyze the data from the GFP 
expressing cells which in the long run could also be used for other high throughput screens. We 
identified potential hit compounds based on the ratio of their potential to inhibit viral infection and their 
cytotoxicity. The top 50 compounds from each of the three screens were selected for further in-depth 
analysis using several assays to characterize their mode of action. We performed plaque assays for 
HSV-1 and HCMV, and immunoblotting to analyze immediate early, early, and late gene expression of 
HSV1-, HCMV and KSHV. Furthermore, we used a dual-color HSV-1 strain in which the small capsid 
protein VP26 has been tagged with mCherry and the envelope protein gD with GFP to evaluate 
nuclear capsid targeting, nuclear capsid formation, nuclear capsid egress, and secondary 
envelopment in the cytoplasm. First results indicate that we have identified inhibitors of both the early 
and late stages of the herpesviral replication, some of which have IC50 values in the single digit 
micromolar range, and that most ‘hits’ are specific for one of the three herpesviruses tested.  
We are in the process of elucidating whether these potential hit compounds target viral or host 
proteins. While this project is at an early stage, the results so far are encouraging with regard to the 
feasibility of identifying novel herpesviral inhibitors by this approach. 
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Persistent infection with high-risk types of human papillomavirus (HPV) is a necessary prerequisite for 
malignant transformation of cervical epithelium. In order to establish persistent infection, HPV has 
developed multiple immune evasion strategies. Among these, modulation of antigen processing 
machinery (APM) component expression directly interferes with T cell recognition of HPV-transformed 
cells.  
The aim of this project was to systematically analyze expression of all APM components in a 
comprehensive collection of HPV16-positive tumor cell lines. These were derived from cervical as well 
as from oropharyngeal carcinomas, from primary tumors and from metastases, and included long-
standing as well as newly established cell lines. APM gene expression was determined by quantitative 
RT-PCR, and protein levels by flow cytometry and immunoblot.  
The endoplasmatic reticulum aminopeptidase 1 (ERAP1) was the only APM component that was 
found to be consistently overexpressed in the majority of HPV16-positive cell lines, and also in 
immunohistochemical stainings of cervical intraepithelial neoplasia (CIN) and cervical cancer samples. 
ERAP1 has a key role in shaping the MHC-I epitope repertoire, by either generating or destroying 
epitopes. Overexpression of ERAP1 has been reported in other tumor entities, resulting in 
overtrimming of immunodominant epitopes. Therefore, we focused on the question if the observed 
ERAP1 overexpression leads to changes in the HPV16 epitope repertoire. ERAP1 expression was 
normalized by a siRNA approach, and changes in presented HPV16 epitopes were assessed by direct 
mass spectrometry analysis and T cell cytotoxicity assays. Indeed, differential epitope presentation 
was observed.  
We thus conclude that ERAP1 overexpression may represent a novel immune evasion mechanism of 
HPV-induced malignancies. 
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Human cytomegalovirus (HCMV) is a herpesvirus with a high prevalence. It is a leading cause of 
congenital damage in neonates as well as serious disease in immunocompromised patients. Current 
treatment of HCMV largely focuses on interfering with viral DNA replication; however side effects are 
common and viral strains resistant to these treatments have been reported, indicating a need for new 
viral therapeutic targets. One such target is the viral alkaline nuclease, a conserved herpesvirus 
enzyme. In HCMV, it is encoded by the UL98 gene. UL98 inactivation severely reduces viral 
replication, suggesting that this protein is a suitable target for antivirals. In order to screen for inhibitors 
of UL98 we wanted to establish a fluorescence-based high-throughput screening system. To this end 
the viral UL98 was expressed in E.coli and purified. The nuclease activity of the purified protein was 
confirmed by digestion of plasmids and by introducing an active site mutation with known reduced 
nuclease activity. The fluorescence assay 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 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. After optimizing the assay conditions, we will use this assay 
system to screen existing compound libraries for UL98 inhibitors. We will also set up similar assays for 
alkaline nucleases of other medically relevant herpesviruses. 
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Several proteins of the TNF receptor associated factor (TRAF) protein family are recruited by the 
Epstein-Barr virus (EBV) oncoprotein latent membrane protein 1 (LMP1). The engangement of these 
factors leads to the deregulation of cellular signaling pathways that are involved malignant diseases 
caused by EBV including post-transplant lymphomas in immunocompromised patients.  
TRAF6 is a critical mediator of canonical NF-kappaB and JNK signaling triggered by the C-terminal 
activating region 2 (CTAR2) located at the C-terminus of the LMP1 intracellular signaling domain. 
Recently we found that LMP1 recruits TRAF6 to CTAR2 through a direct protein-protein interaction 
and that this interaction is mediated by an atypical TRAF6 binding motif located within the ten C-
terminal amino acids of LMP1. This binding site is related to the TRAF6 binding motif found in cellular 
receptors such as CD40. Nevertheless, TRAF6 binding to LMP1 differs structurally from the binding to 
CD40. LMP1 interacts with different residues within the receptor binding pocket of TRAF6 as 
compared to CD40. Furthermore we demonstrated that this direct interaction is necessary for LMP1 to 
activate the canonical NF-kappaB pathway. These results identify the LMP1::TRAF6 complex as a 
potential new target for inhibitory molecules.  
To be able to identify small molecule inhibitors of LMP1::TRAF6 interaction we established 
AlphaScreen (Amplified Luminescent Proximity Homogeneous Assay Screen)-based assay 
technology for the LMP1::TRAF6 interaction suitable for high throughput screening. The assay is 
composed of the LMP1 signaling domain fused to GST and and the His-tagged TRAF domain of 
TRAF6. First tests in a automated system using 384 well plates confirmed high signal to background 
ratios and Z’ factors above 0.8. The assay system was further validated using a TRAF6 inhibitor 
peptide (NBP2-26506). This peptide inhibits LMP1::TRAF6 complex formation with an IC50 in the 
medium nanomolar range while it shows no effect on TRAF2 binding to LMP1. Further, the 
LMP1::TRAF6 alpha assay was successfully applied to quantitatively characterize the molecular 
interaction of LMP1 with His-TRAF6(310-522) including the testing of point mutants. In summary, we 
have established a high throughput screening assay for the interaction between LMP1 and TRAF6. 
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Detection and quantification of infectious and potentially resistant herpesviruses is labor intense and 
time consuming. For high throughput applications genetic marking of herpesviruses with reporter 
genes became standard. However, this methodology cannot be used, if wild type viruses or clinical 
samples need to be analyzed.  
  
Here, we present a new conditional gene expression system, which can be applied in high throughput 
for assaying lytic virus replication and does not require modification of the virus to be tested. Our 
method utilizes the dependency of adeno-associated virus (AAV) replication upon a helper virus 
infection. We constructed a replicon vector based on a genomic clone of AAV-2 by replacing all 
structural coding sequences which are expressed at high levels only during lytic AAV replication 
depending on an active helper virus infection. We exploited this natural regulatory switch by inserting 
the reporter gene luciferase upstream to the AAV p40 promoter, normally controlling the expression of 
structural AAV gen.  
  
We tested the responsiveness of the reporter gene expression in various settings using HSV1, HSV2, 
HCMV or human adenovirus infections as inducer. The AAV replicon showed a very low basal activity 
and could be induced up to a few thousand folds by helper virus infections. The increase of the 
transgene expression was proportional to the dose of infection and the replication ability of the 
inducing virus.  
  
Based on this platform, we successfully developed and tested the applicability of an AAV replicon 
based fast phenotypic assay, for testing drug-resistance of clinical HSV isolates and we furthermore 
tested a new approach for integrative screening of antivirals inhibiting multiple DNA viruses. 
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Allogeneic hematopoietic stem cell transplantation (HSCT) is an important and effective treatment for 
patients with hematologic malignancies, but its efficacy is still restricted by severe complications such 
as infections and graft-versus host-disease (GvHD). Reactivation of human cytomegalovirus (HCMV) 
plays a significant role in morbidity after HSCT. Monitoring of HCMV-specific immune reconstitution 
after HSCT is used to predict protection against recurrent HCMV reactivations and allows the targeted 
use of virus-static prophylaxis and preemptive therapy. While some factors influencing HCMV 
reactivation are well known, the effects of viral genes and proteins that influence cytokine secretion 
have been insufficiently studied. Differences in HCMV strains may play a role in the outcome of 
infection and/or the outcome after HSCT.  
One example of a hypervariable, immunosuppressive HCMV protein interacting with cytokine 
pathways is HCMV pUL11, which has effects on cytokine secretion including an increased production 
of interleukin 10 (IL-10) from T cells with which it is in direct contact. Supernatants from pUL11 treated 
cells have anti-inflammatory effects on other untreated PBMC, as shown by reduced interferon 
gamma (IFN-γ) secretion in response to stimulus. This implies that the presence of pUL11 during 
HCMV reactivation may have effects with relevance to the affected patients.  
Next generation sequencing directly from diagnostic specimens is possible via target enrichment using 
a bait library containing all HCMV genomic sequences known to date. Using this technique, we have 
identified high levels of both inter- and intrahost diversity. The interhost diversity of over 2.2% is 
considerably higher than that seen for the related herpesvirus HSV-1 (0.76%). High intrahost diversity 
was detected in 7 of 14 longitudinally sampled transplant recipients, with a switch in the major HCMV 
genotype observed in 6 patients. Variations in the UL11 gene have been detected, corresponding to 
differences of approximately 20% in the protein sequence. The effects of these variations are not yet 
known.  
We are in the process of collating immunomodulatory cytokine profiles, including IL-10 and IFN-γ 
levels, from patient plasma samples derived post-allogenic HSCT, in order to link this data to immune 
reconstitution, sequencing data and clinical outcome.  
We envisage that statistical correlation of cytokine and sequencing data with clinical, virological and 
immune reconstitution parameters will help to predict the outcome post-HSCT and to explore the 
contribution of HCMV variability to disease outcome. 
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Delayed primary infection with Epstein-Barr virus (EBV) may cause infectious mononucleosis (IM) 
characterized by 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, and/or subsequent 
malignant and/or autoimmune diseases. In few cases, distinct primary immunodeficiencies (PID) were 
identified as causative factors but in most of the cases the pathogenic mechanisms remained obscure.  
Here we present first clinical and immunological results from an ongoing clinical observational study 
which aims at identifying biomarkers and causative factors of protracted and/or complicated IM 
including novel PID. Pediatric and young adult patients with onset of IM within the last four weeks are 
being recruited from numerous Munich institutions and investigated at the time of IM diagnosis as well 
as one and six months after the onset of symptoms. A novel diagnostic scoring system is applied to 
discriminate mild IM from extensive (complicated and/or protracted) IM and subtypes thereof. We are 
documenting i) reported symptoms, ii) physical signs of IM, iii) possible risk factors for IM development 
such as signs of immune dysregulation/immunodeficiency/co-infection and/or cancer in the history of 
the patient or close family members, and iv) individual genetic, ethnic, social and/or hygiene features. 
Peripheral blood is being analysed by established and novel analytical assays to determine the 
immunological and virological phenotypes of IM. We are investigating i) EBV DNA load in peripheral 
blood mononuclear cells (PBMC) and plasma, ii) EBV-specific antibodies by standard serology and by 
a novel viral protein-specific multiplex approach, iii) co-infection by other lymphotropic herpesviruses, 
iv) EBV-specific CD4+ and CD8+ T cell responses using advanced multiparametric flow cytometry, v) 
the repertoire of natural killer (NK) cells, invariant NKT cells (iNKT), gamma-delta T cells, regulatory T 
cells (Treg) and myeloid-derived suppressor cells (MDSC) using multiparametric flow cytometry, vi) 
patterns of plasma cytokines and cytokine receptors using a multiplex approach, vii) patterns of 
plasma EBV microRNA, viii) the lineage of EBV-infected cells in PBMC and their expansion in vitro, ix) 
viral polymorphisms, x) standard markers of immunity and inflammation, xi) vitamin D levels , and xii) 
monogeneic host mutations that cause PID using whole exome sequencing. 
We expect this pilot study to pave the way for a subsequent large observational study of Munich IM 
patients and thereby to aid in prevention, risk-stratification and treatment of complicated and/or 
protracted IM, including EBV-specific adoptive immunotherapy and EBV-specific vaccination. 
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More than ninety percent of humans worldwide carry Epstein-Barr virus (EBV) as a latent infection. 
Virus-specific T cells are involved in keeping the infection under control and have found clinical 
application in the prevention as well as treatment of EBV-driven disorders. Adoptive T cell therapy 
(ACT) with EBV-specific T cells is however currently applicable only in a limited set of patients. 
Improving the applicability and efficacy of ACT depends among others on the rapid availability of 
specific T cell preparations which in turn requires the knowledge of antigenic epitope peptides from 
viral proteins as well as the characterization of T cells in terms of phenotype and function.  
Several EBV-encoded peptide epitopes that are presented to CD4 and CD8 T cells are known but the 
characterization of individual epitope-specific T cells is not uniform. For example, there are several 
peptides known to elicit T cell responses, for which it remains unclear whether target cells are actually 
able to generate and present those peptides upon infection. The phenotypic characterization of T cells 
including their antiviral function has also been documented differently in different studies. Thus the 
protectivity of epitope-specific T cells in EBV-driven clinical disorders is currently barely predictable. At 
the same time most EBV-specific T cells have been described for recognition of target antigens on 
common HLA molecules thereby precluding the applicability of ACT in patients with other HLA 
molecules. Moreover, the recent availability of sequences of increasing numbers of EBV strains 
worldwide has also made it necessary to investigate novel strains for altered T cell immunogenicity.  
This ongoing project aims to characterize known as well as novel EBV epitopes and epitope-specific T 
cells using parameters that are relevant to the clinical application of the T cells. By the end of the 
project we expect to have a scoring matrix that will guide clinicians and researchers in administering 
patient-specific ACT. 
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Introduction: Delayed immune reconstitution after hematopoietic stem cell transplantation (HSCT ) 
leads to high human cytomegalovirus (HCMV)-related morbidity and mortality. Understanding the 
host-pathogen interaction regarding the effects of HCMV in the immune system and vice-versa are 
important for basic and preclinical studies to validate drugs, vaccines and monoclonal antibodies. 
Although a few groups reported infection of humanized mice with HCMV, these models did not allow a 
non-invasive longitudinal analyses of HCMV dissemination and reactivation.  
Methods: MRC-5 lung fibrobast cells were infected with a laboratory adapted HCMV strain expressing 
Gaussia luciferase driven by the IE1 promoter (TB40-IE1-GLUC1 ) and cryopreserved. Infection of 
thawed MRC-5 was monitored by cell viability, gB and IE1 detection and GLUC detection by 
luminometry. The cells were used as virus-carriers 3 days post-infection, at the peak of viable infected 
cells. Nod.Rag.Gamma (NRG) mice transplanted with CD34+ cord blood HSCs were monitored for 15-
17 weeks for reconstitution of human T and B cells. Subsequently, 106 infected MRC-5 cells were 
administered i.p. per mouse (controls n=4 and infected n=12). At several time-points after infection, 
coelenterazine was infused i.v., and the total flux (p/s) and the average radiance (p/s/cm²/sr) was 
measured. After sacrifice, mouse tissues and viable cells were collected and cryopreserved for RT-q-
PCR, IHC and virus reactivation analyses. Using spleen of humanized mice spiked with DNA obtained 
from MRC-5 infected cells, we assessed the limit of detection as to 5 infected cells spiked per 106 
splenocytes.  
Results: Luminiescence signal was detected in the abdomen of the HCMV-infected mice. Treatment 
with clinical grade G-CSF (2,5mg/mouse/day) for seven days furthermore increased signal. Viral 
genomic copies were detected in spleen and liver of infected mice. Infected mice displayed lower 
frequency of human CD3 and CD19 lymphocytes and increased frequency of CD14 monocytes in 
spleen of. An assay to detect latent virus from different tissues reactivating in permissive MRC-5 cells 
is currently established.  
Conclusion: This HCMV-GLUC model exploring luminometry and optical imaging analyses humanized 
mice can be in the future used to determine the therapeutic effects of vaccines and monoclonal 
antibodies in the lytic and latent infection phases of HCMV.  
  
1Sinzger et al., 2016, Generation of a Gaussia luciferase-expressing endotheliotropiccytomegalovirus 
for screening approaches and mutant analyses, Journal of Virological Methods, 182–189 
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Background  
Invasive Candida infection (IC) is the fourth most common bloodstream infection. With a sensitivity of 
21-71% blood cultures are the current gold standard diagnostic method, however false negatives 
remain a clinical challenge. In deep organ IC histologic proof is often contraindicated. Indirect 
serologic tests cannot discriminate between Candida spp. We developed a novel technique measuring 
Candida reactive T cells. In a pilot study, we examined healthy donors and 3 patient cohorts with 
either proven IC, suspected IC, or high risk of IC.  
  
Methods  
Candida cells were lysed mechanically by gentleMACS® dissociator (Miltenyi Biotec., Germany) and 
protein concentration was determined by BCA Bradford assay. Peripheral blood mononuclear cells 
(PBMC) of patients and healthy donors were isolated by density gravitation. Cultured cells were 
stimulated with CD40 and CD28 pure antibodies for cell activation and co-incubated with lysate of 
either C. albicans, C. glabrata, C. parapsilosis, C. tropicalis or C. krusei for 5h in 5% CO2. Missing 
challenge with fungal lysate serves as negative control, Staphylococcal Enterotoxin B as positive 
control. PBMCs were stained with CD4FITC, CD154PE, CD69APC, CD8PerCP, CD14PerCP, 
CD20PerCP and 7AAD and measured on MACSQuant® flow cytometer (all Miltenyi Biotec, Germany). 
Candida reactive CD4+ T cells were detected based on the upregulation of CD69 and CD154 (CD40L). 
Positivity was defined as 0.4% CD69+/CD154+ cells among CD4+ with a parallel 3x fold increase 
compared to unstimulated CD4+ T cells.  
 
  
Results  
We determined the performance of Candida reactive T cells in 22 patients, including 11 proven IC 
(blood culture [8], tissue culture [3]) and 2 with probable hepatosplenic candidiasis. Nine 
haematological high risk patients served as disease control and 14 healthy donors as negative control. 
Because of autofluorescence we excluded 2 candidaemia patients from analysis. Eight of 9 patients 
with proven IC and 2 of 2 patients with probable IC had elevated yields of Candida reactive CD4+ T 
cells. In 2 of 11 patients, T cells reacted with C. albicans, C. tropicalis and C. parapsilosis. In 7 of 9 
proven IC, T cell reaction matched the Candida species identified by culture. Disease and healthy 
control patients had no elevated Candida directed T cells counts.  
  
Conclusion  
 The Candida reactive T cell assay correctly identified the majority of IC patients. Autofluorescence is 
a limiting factor. Cross reactivity towards Candida spp may represent mixed infection, but currently 
remains unexplained. The Candida reactive T cell assay has potential to complement current 
diagnostic assays for invasive Candida infection. 
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Background  
Respiratory tract infections (RTIs) constitute a major morbidity factor in our society impacting on public 
health costs as well as individuals’ quality of life. RTI burden is affected by inter-individual differences 
in pathogen exposure, but host factors contribute to the susceptibility towards airway infections and 
their outcomes. We are interested in the question why some people in the community are frequently 
and severely infected whereas others are unaffected. To elucidate this question, we have initiated the 
AirWayInfection Susceptibility (AWIS) study in South-Baden and will present data from a cohort 
enriched for infection-prone individuals who completed infection diaries over three consecutive years.  
 
Methods  
Participants (n=1455) in the age range between 18 to 70 of a large population-based cross-sectional 
survey on RTI were invited to participate in a follow-up study with the aim to assess RTIs over three 
consecutive winter/spring seasons and correlate it with lifestyle factors, environmental factors, and co-
morbidities assessed at baseline. Individual RTIs reported in the studied timeframe as well as a diary 
score summing-up individual RTIs were the outcomes of interest. STATA (version 13 STATSCorp, 
USA) was used to estimate unadjusted and adjusted correlations and odds ratios (ORs) for the 
association of body mass index (BMI) and perceived stress (assessed via the validated PSQ30 
questionnaire at baseline) as well as co-morbidities with subsequent risk for frequent RTIs. 
 
Results  
Compared to normal weight individuals, overweight people and obese presented a consistently higher 
prevalence of the individual RTIs, upper RTIs, lower RTIs, as well as the inclusion in the group 
characterized by the upper 10% of the diary score that summarizes different RTI symptom categories. 
A stronger association was seen between obesity and lower RTIs (adjustedOR=2.25, 95%CI=1.50-3.36) 
compared to upper RTIs (adjustedOR=1.50, 95%CI=1.18-1.90). Demographic and lifestyle variables 
including age, gender, educational level, smoking status, physical activity, dietary patterns and serum 
vitamin D levels did only marginally affect ORs. Stratified analysis revealed a stronger effect for 
women compared to men and a possible interaction with the level of physical activity.  
The analysis of baseline data on perceived stress showed significantly more reported RTIs among 
those with a higher stress score compared to those with a lower score. Individuals in the fourth and 
fifth quintile of the stress score were at four- and eightfold increased risk for frequent RTIs compared 
to the lowest stress score category which was highly statistically significant.  
 
Conclusions and Outlook  
With obesity and stress we confirmed two modifiable risk factors for recurrent RTIs for the German 
population. We will further analyse this cohort regarding other relevant host factors and present 
updates on at-risk subgroups for frequent and severe RTIs in the German population. 
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Introduction: Infection with Epstein-Barr-Virus (EBV) is very common with up to 90% of the population 
infected. EBV is associated with tumor formation such as endemic Burkitt’s lymphoma or Hodgkin- or 
Non-Hodgkin Lymphoma. Immunocompromised hosts after stem cell transplantation or after solid 
organ transplantation receiving an immunosuppressive regime can suffer from severe EBV 
reactivation. Until now, vaccines against EBV are not available and innovative approaches are 
warranted. Due to the fact that EBV has a tropism only for humans and for some monkeys, in vivo 
testing of these immune modulators is difficult. Thus, we will establish a humanized mouse with 
adaptive immune responses to model EBV infection.  
  
Methods: Nod.Rag.Gamma (NRG) mice transplanted with CD34+ cord blood hematopoietic stem cells 
were used for direct EBV challenge or for challenge with EBV-infected matched B cells. This model 
will be used to evaluate viral-like particles (VLPs), engineered induced dendritic cells (iDCs) and T 
cells engineered with chimeric antigen receptors (CARs). VLPs developed in the Hammerschmidt 
group are being adapted for GMP production. iDCs were produced with cord blood monocytes 
transduced with a lentiviral vectors expressing GM-CSF, IFN-α and EBV- gp350 viral envelope 
protein. CAR-T cells targeting gp350 are being constructed with a monoclonal antibody sequence 
developed in Zeidler’s laboratory.  
  
Results: Pilot experiments in humanized mice confirmed infection with EBV. In brief, 15 weeks after 
HSCT, mice were challenged with EBV or in vitro EBV-infected autologous B cells. Mice are being 
monitored for body weight, viral blood load, for the composition of immune cells and tumor formation 
at the end of the experiments. Once the animal model is established we will assess the above 
mentioned immunomodulatory strategies in vivo. 
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Human herpesviruses are widespread pathogens. Infections in healthy individuals are mostly 
harmless, but often life-threatening in immunocompromised patients due to immune defects or 
transplantations. Antibody-based therapy is a promising approach for an immediate adoptive 
protection against viral infections and development of associated diseases. Consequently, passive 
immunization with virus-specific neutralizing antibodies that block infection and/or interfere with virus 
spreading has been regularly explored for prophylaxis of infection-associated diseases in patients with 
inherited, acquired or iatrogenic immune defects.  
  
Our project aims at the generation of novel neutralizing monoclonal antibodies (mAbs) with clinical 
potential against viral infections in the immunocompromised host, such as Epstein-Barr virus (EBV), 
Cytomegalovirus (CMV), Varicella Zoster virus (VZV), and the Polyomavirus BK (BKV).  
  
Extracellular vesicles (EVs) are membrane-enclosed, highly immunogenic vesicles that are released 
by many types of cells. Our immunization technology is based on the usage of engineered EVs, which 
contain the EBV proteins LMP1, BALF4 or BILF1, the CMV glycoproteins gB or gH, or the major BKV 
structural proteins VP1-3. LOU rats will be immunized twice with the EVs, and according to the 
standard procedures for the generation of monoclonal antibodies, the splenic B cells will be fused with 
myeloma cells. For a clinical application at a later time point, we will clone the variable regions of the 
immunoglobulin chains encoding the heavy (IgH) and light (IgL) chain of these antibodies and fuse 
them to a human IgG1 Fc-fragment, yielding a chimeric IgG1 antibody.  
  
We will generate fully human monoclonal antibodies in immature dendritic cells (iDCs) immunized 
humanized NOD/Rag1null/IL2Rγnull (huNGR) mice. Splenic memory B cells will be immortalized by 
EBV infection and antibody sequences will be extracted from single cell clones. These sequences will 
be cloned into a suitable vector and produced antibodies will be purified on protein A or G columns. 
Spontaneous cytokine release assays will be performed to test the functionality of the purified 
antibodies.  
  
All together, the experiments of this project will provide a collection of neutralizing and opsonizing 
monoclonal antibodies against viral infections, which is a promising tool for antibody-based 
immunotherapy. 
 
 
 
 
 



TTU Infections of the immunocompromised Host 

 145 

P 81 
 

Building a comprehensive TCR library for off-the-shelf adoptive cell therapy of post-
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München, Germany 
 
Allogeneic stem cell transplantation and solid organ transplantation are curative treatments for a 
variety of diseases. The prevention of graft rejection as well as graft versus host disease through 
immunosuppressive medications is an inherent necessity of this therapeutic approach. This forced 
state of immune deficiency, however, leaves the transplant recipient susceptible to infections such as 
the highly prevalent cytomegalovirus, Epstein-Barr virus and adenovirus. In the immunocompetent 
host these viruses are typically well controlled, however in the immunocompromised host they 
regularly cause life-threatening conditions.  
Conventional therapy of post-transplant viral infections is typically limited to guanine analogues and 
foscarnet. These drugs are not only of limited efficacy and increasingly associated with resistance, but 
also induce treatment-limiting toxicities and graft rejection. Consequently, there is a clinical need for 
alternative therapeutic strategies.  
In a number of recent clinical studies, we and others have shown that direct adoptive cell transfer 
(ACT) of highly purified donor-derived virus-specific T cells is a powerful tool for the restoration of viral 
immunity (e.g. Schmitt et al, Transfusion 2011). Importantly, ACT targeting viral infections have 
demonstrated a high grade of safety (Peggs et al, Clin.Infect.Dis. 2011). A bottleneck of this approach 
is that defined epitope-specific T cells cannot be derived from each donor. Furthermore and perhaps 
most importantly, this method cannot be performed with seronegative transplant donors.  
ACT using TCR-engineered cells would be independent of the donor’s serological status. 
Furthermore, this approach allows to apply a previously in-depth characterized TCR with proven 
functionality for therapy. A critical challenge for this therapeutic strategy, however, is the identification 
of suitable TCRs. Several studies have identified TCRs targeting chronic viral infections such as CMV 
(e.g. Weekes et al, J.Virol. 1991), however the identified TCRs were often individual examples, 
derived from highly variable contexts, devoid of demonstrated in vivo functionality.  
In contrast to these approaches, we have established an efficient TCR identification platform that 
facilitates the generation of a comprehensive library of virus-specific TCRs. Concomitantly, we 
transgenically express these TCRs using the non-viral Sleeping Beauty transfer system, permitting the 
assessment of the functionality of the engineered cell product using the Koff-rate assay (Nauerth et al, 
Sci.Transl.Med. 2013), in addition to other functional assays.  
Currently, we are isolating virus-specific TCRs from seropositive donors as well as from clinical trial 
ACT patients, which were able to control viral reactivation post-transplant. Using this approach, we 
aim to extract protective TCRs whilst simultaneously gaining highly valuable and unprecedented 
insights into the virus-specific T cell response in these patients. 
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We study rare patients with monogenic defects of the immune system in an attempt to shed light on 
critical factors of human immunity. Presently, more than 200 human primary immunodeficiency 
disorders (PIDs) are known and the number of genes identified to cause these diseases continues to 
increase. We are currently analyzing a cohort of >500 patients by Next Generation Sequencing (NGS) 
to define host factors controlling immunity against infectious diseases. Our analysis pipeline prepares 
exon enriched libraries from genomic DNA using standard exome enrichment kits (Agilent). The 
subsequent sequencing is performed on a NextSeq 500 sequencing platform (Illumina). Whole Exome 
Sequencing (WES) easily enables the identification of genetic variants, such as nucleotide 
substitutions and indels in the protein coding regions of the genome. The identification of larger 
deletions (>50 nucleotides) is not as straight forward. Main challenges are the non-uniform coverage 
of exons using the commercial exome enrichment probes and the variance introduced during library 
preparations. Therefore, our sequencing results are analyzed in accordance to the GATK best practice 
protocol and evaluated across all previous samples in our cohort and with several external databases. 
Statistical quality controls ensure that samples have similar performance in coverage throughout the 
human exome. Subsequently the algorithms allow to reliably detecting missing exons as an indication 
for larger homozygous deletions. For the future, we see the possibility to improve our statistical 
analysis to even identify heterozygous structural deletion. 
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The global resurgence of tuberculosis (TB) has intensified research efforts to develop new therapeutic 
approaches, including 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 time, reduce tissue damage and to lower the risk of relapsing disease. 
Interestingly, corticosteroids in combination with antibiotic treatment have been shown to reduce 
mortality in all forms of TB, however, the underlying mechanism of action is poorly understood. Our 
laboratory has generated data showing that corticosteroids are highly effective in preventing Mtb-
induced cytotoxicity in both MRC-5 lung fibroblasts and J774.2 macrophages. An intriguing finding 
since corticosteroids are the only approved host-directed therapy for TB. We were now able to link this 
protection to corticosteroid dependent activation of MAPK phosphatase-1 (MKP-1 or DUSP1). MKP-1 
is essential for protection from hyperinflammation as well as tissue damage in various infectious- and 
autoimmune diseases possibly by inactivating stress responsive p38 mitogen-activated protein kinase 
(MAPK). We now plan to further characterize the protective role of MKP-1 in TB. Therefore, infected 
J774.2 mouse monocytes and MRC-5 human lung fibroblasts will be treated with the glucocorticoid 
dexamethasone followed by quantification of MAPK phosphorylation. In addition, we are currently 
breeding Mkp-1 knock-out mice to confirm our in vitro findings in a suitable mouse model. Several 
promising inhibitors of the MAPK pathway are in clinical trials, primarily for treatment of autoimmune 
diseases. Our data suggest that these compounds may play a future role as HDT in TB. 
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Tuberculosis (TB) continues to be one of the most deadly infectious diseases in humans. The recent 
emergence of multidrug-resistant (MDR) and extensively drug-resistant (XDR) strains require 
innovative drug screens and alternative antibiotic sources to detect new compounds supplementing 
current antibiotic treatment. Within a DZIF funded consortium, we are investigating several natural 
product libraries rich in novel substances for their activity against MDR-TB. Crude extracts and 
compounds are provided by the Helmholtz Centre for Infection Research (HZI), the Helmholtz Institute 
for Pharmaceutical Research Saarland (HIPS), the University of Tübingen, and the Hans-Knöll 
Institute (HKI) in Jena as part of the TI Natural Compound Library. Screening of 900 myxobacterial 
derived extracts for their growth inhibitory effect on Mycobacterium tuberculosis (Mtb) identified 45 
extracts with good antimycobacterial activity (hitrate of 5%). The top hits of these extracts are currently 
purified (micro-scale fractions) for additional assays targeting MDR-TB and intracellular mycobacteria. 
In a second screen, the NCL-Tü library of approximately 350 purified natural products was tested at a 
concentration of 10 µM. 39 substances were growth inhibitory against Mtb with little or no cytotoxic 
effects on MRC-5 fibroblasts and HepG2 cells. Preliminary results showed good intracellular and 
excellent extracellular anti-TB activity of deoxyrabelomycin, an angucyclinone. The selectivity index for 
deoxyrabelomycin was 294, comparable to antibiotics which are currently in clinical trials. Future work 
will focus on continuous screening of novel substances as well as further characterization of already 
identified hit molecules. This includes target identification, in depth cytotoxicity studies and eventually 
in vivo studies. 
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Transmission of tuberculosis in Germany: a new visualization tool for monitoring and 
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Background  
Understanding ongoing tuberculosis (TB) transmission is key to monitor progress in TB control. The 
TB surveillance system in Germany collects – beyond individual notified cases – clusters of 
epidemiologically linked cases. An integration of molecular cluster information is planned.  
The relational data yield crucial information on TB transmission, yet, are more difficult to explore.  
We aimed to design a new non-commercial data visualization tool that draws directly on dynamic 
routine TB notification data for a more intuitive use and full exploitation of epidemiologically important 
information.  
  
Methods  
Our tool has a user interface that operates locally in internet browsers. Filters allow to select and 
explore data as to time, place, person (age, country of birth), pathogen, mode of case finding and 
cluster method simultaneously. Outputs are presented in graphs using a force-directed network 
drawing algorithm and diagrams. Case characteristics and summary statistics are displayed upon 
touch on the respective graph element. The tool is written in JavaScript and is partly based on existing 
open-source libraries. 
Input data are unmodified case-based clustered German TB notification data, electronically 
transmitted to the Robert Koch Institute (RKI) in the SurvNet3@rki platform.  
  
Results  
Our tool reveals epidemiological case and cluster characteristics instantly and at a glance in either 
standard, administrative map or timeline view. By filtering for specific phenomena, namely large 
clusters with drug resistant cases, we identified amongst others a cluster of nine cases reported in 
Baden-Württemberg in 2013 that involves three children aged <5 years, seven drug resistant cases, 
and five patients born in Germany (Figure 1a). The timeline illustrates that all cases where reported 
within two months; the first four were identified upon clinical presentation, the latter five by contact 
tracing (Figure 1b). The map view shows that the cluster spans over two districts (Figure 1c).  
Respective contributions of both epidemiological and molecular typing information to cluster detection 
can be illustrated, shown here for a TB cluster from 2010, where molecular typing added two cases 
from different districts to a cluster of two epidemiologically linked cases (Figure 1d).  
 
(see next page) 
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Conclusion  
The tool, with its TB-specific features, simplifies the exploration of clusters of TB cases considerably. It 
opens new opportunities for monitoring and evaluation (including reporting) of cluster features and 
cluster growths within national TB surveillance at the RKI in order to inform TB control. 
Future directions include further testing of the tool by a broader range of users at local and district 
public health authorities, as well as applying the tool on whole-genome sequencing results as an 
additional clustering data source. Our tool can be easily adapted to any other communicable disease 
that is spread through direct contact. 
 
 
 
 
 

"Features of the visualization tool: a) key characteristics of TB patients that are part of an 
epidemiological cluster; b) timeline of case report dates; c) map view; d) comparison of 
clustering by use of epidemiological and molecular information." 
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The resurgence of tuberculosis, caused primarily by Mycobacterium tuberculosis, and the appearance 
of multi-drug and extensively drug resistant strains strengthen the need for new drugs with alternative 
modes of action [1]. The interaction between the mycobacterial thioredoxin reductase (TrxR) and its 
substrate thioredoxin (Trx) is a promising new drug target for the treatment of tuberculosis, since M. 
tuberculosis lacks the common glutathione system and its TrxR shows a substantial difference in 
sequence, mechanism and structure to human TrxRs. The mycobacterial TrxR is part of the 
antioxidant system that reduces hydroperoxides, contributes to ribonucleotide reduction, and thus 
guarantees the survival within macrophages [2]. Although the target mechanism is a protein-protein 
interaction, the first known inhibitors with different scaffolds could be identified using an exhaustive 
high-throughput docking based on the available TrxR X-ray structures [3]. By means of structure-
based design, the activity of the most promising candidate could be increased to an IC50 up to the low 
nanomolar range that also showed an influence on the growth of M. tuberculosis [4].  
  
In order to further improve the bioactivity of the promising compounds we focused on optimizing the 
physicochemical properties that are important for permeability, since M. tuberculosis shows an 
unusual thick and impermeable cell wall. An analysis of calculated polar surface area and logP 
indicated an influence of these properties on the minimum inhibitory concentration. Based on 
computational molecular design, compounds with improved properties were synthesized. In fact, these 
compounds showed an improved antimycobacterial activity, which underlines the assumption 
regarding optimized properties.  
  
The most promising compound was also tested on infected human macrophages and showed a clear 
dose-dependent activity on mycobacterial growth, without affecting macrophage viability. We will 
present and discuss the design and the results of our improved compounds.  
  
References  
1. World Health Organization Tuberculosis Programme; http://who.int/tb/  
2. Jaeger, T., Flohé, L. Biofactors. 2006; 27: 109-120.  
3. Koch, O.*, et al. J. Med. Chem. 2013; 56(12): 4849-4859.  
4. Koch, O.* A New Player in the Fight against Tuberculosis: Thioredoxin Reductase Inhibitors with 
High Bioactivity on M. tuberculosis. Talk at “Frontiers in Medicinal Chemistry”, Saarbrücken, Germany, 
2011. 
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Background: A major obstacle to effective Tuberculosis (TB) control is lack of adequate laboratory 
capacity to correctly diagnose TB and in a timely manner; thus limiting early patients’ treatment 
enrolment and hindering effective monitoring during treatment. In response to this urgent need, 
CERMEL TB Laboratory was established in 2009 and we hereby report on its progress and 
contribution to the strengthening of Gabon’s national TB Control Programme (PNLT) and to capacity 
building in Gabon and Central Africa.  
  
Methodology: Between July 2009 and January 2010, an old building was refurbished and dedicated as 
the CERMEL TB Laboratory. Research activities started with smear microcopy, and gradually 
increased to include TB culture, drug susceptibility testing (DST), and molecular techniques e.g. Xpert 
MTB/RIF (Cepheid, USA) and GenoType MTBDRPlus Line Probe assay (Hain Life Sciences, 
Germany). Both internal and external staff training were provided through a DZIF TB project 
collaboration with the German Mycobacteria Reference Centre, Borstel, Germany. We now also 
provide training to staff of Gabon PNLT and other stakeholders in Central Africa.  
  
Results: We have established by now a standard TB Laboratory with capacities in smear microscopy 
(ZN & fluorescence), Culture, DST and molecular diagnostics (Xpert MTB/RIF & LPAs). We currently 
provide diagnostic services to hospitals in Lambaréné, conduct research and serve as the Referral 
Laboratory for MDR-TB diagnosis in Gabon. We conducted the 1st TB epidemiology study in Gabon, 
results of which has just been published (Bélard et al 2016); and we are currently conducting the 1st 
MDR-TB treatment series in Gabon.  
  
Conclusion: Establishing our laboratory has yielded significant progress in the understanding of TB 
epidemiology in Gabon, enhanced capacity in the diagnosis, treatment and control of TB, as an 
example of how South-South and North-South collaboration could be mutually beneficial. 
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Background: Multidrug-resistant tuberculosis (MDR-TB) is an emerging health concern for populations 
in sub-Saharan Africa. In May 2016, the WHO recommended a 9-12 months short regimen scheme for 
MDR-TB treatment known as the ‘Bangladesh regimen’. However, limited data exist on its 
implementation in affected countries as well as on the evaluation of direct and indirect cost. In 2015, 
we started the evaluation of the Bangladesh regimen in a cohort study prior to WHO endorsement.  
  
Methodology: The study started in September 2015 in Lambaréné (Gabon) and is still ongoing. 
Approvals from the National Ethic Committee of Gabon and the Ministry of Health were obtained. 
Intensive training of the hospital health workers was conducted, as well as information and education 
of the local community. Patients were recruited from hospitals and sputum specimen tested with 
GeneXpert. They received second line anti-tuberculosis drugs during a 4-month intensive phase 
followed by a 5-month continuation phase (4KmMfxPtoHCfzEZ/5MfxCfzEZ). Sputum smears and 
cultures were done every month. Adverse events were monitored daily. Direct and indirect costs were 
calculated.  
  
Results: So far, four patients have already completed their treatment. They all were HIV negative and 
presented each in poor health and progressed disease with extensive pulmonary disease on inclusion. 
Treatment of these patients resulted in a significant clinical improvement. Sputum culture conversion 
rate was 100% at 4th month of treatment. One patient developed a marked hearing loss and one a 
transient cutaneous rash. Direct cost for treatment was 9,527 Euros on average per patient. Detailed 
analyses are currently going on to assess cost related factors as well as indirect cost. The 
implementation of MDR-TB treatment in Gabon was accompanied by fear and stigmatisation of the 
patients. Physicians needed to be educated to rely on the 9-month short regimen treatment.  
  
Conclusion: Our preliminary data indicate that MDR-TB treatment with a 9-month regimen may lead to 
sustained culture negativity and sustained clinical improvement of affected patients. However, cost 
and logistical hurdles remain high and the implementation can be followed by incomprehension. 
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Background: Despite overall global progress in tuberculosis (TB) control, TB remains one of the 
deadliest communicable diseases. This study prospectively assessed TB epidemiology in Lambaréné, 
Gabon, a Central African country ranking 10th in terms of TB incidence rate in the 2014 World Health 
Organization tuberculosis report.  
  
Methods: This prospective observational cohort study was conducted at the Centre de Recherches 
Médicales de Lambaréné (CERMEL), Gabon, and consecutively recruited patients who presented with 
symptoms of active TB and who were initiated on TB treatment. Demographic, clinical and 
bacteriological data were collected at enrolment as well as two and six months after treatment 
initiation. Mycobacterial culture and resistance testing as well as molecular species identification were 
performed at the German National Reference Center for Mycobacteria in Borstel, Germany. Case 
definitions were based on the WHO’s Definitions and reporting framework for tuberculosis – 2013 
version for adults and on Graham et al. 2012 for children.  
  
Results: In Lambaréné, between 2012 and 2013, 201 adult (85%) and pediatric (15%) TB patients 
were enrolled and followed-up; 66% had bacteriologically confirmed TB and 95% had pulmonary TB. 
Sputum microscopy was positive in 125/173 (72%) and sputum culture in 105/150 (70%). Based on 
WHO classification 165 (82%) were new TB patients, 30 (15%) patients were previously treated for TB 
and for 6 (3%) patients previous TB history was unknown. The HIV co-infection rate was 42% in adults 
and 16% in children, median (IQR) CD4 count was 130 cell/µl (56;227). Mycobacterium tuberculosis 
and M. africanum were identified in 82% and 16% of patients, respectively. Isoniazid (INH) and 
streptomycin yielded the highest resistance rates (13% and 12%, respectively). The multi-drug 
resistant TB (MDR-TB) rate was 4/91 (4%) and 4/13 (31%) in new and retreatment TB cases, 
respectively. Treatment success based on WHO definitions was achieved in 53% of patients, of these 
15 (8%) were classified as cured; 21 (10%) patients died. In TB/HIV co-infected patients, mortality rate 
was 25%.  
  
Conclusion: In this setting, TB epidemiology is characterized by a high rate of TB/HIV co-infection and 
low treatment success rates. MDR-TB is a major public health concern; the need to step up in-country 
diagnostic capacity for culture and drug susceptibility testing as well as access to second-line TB 
drugs urgently requires action. 
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Background : Global mobilization to combat HIV, TB and malaria has promoted healthcare systems 
reinforcement, including laboratories, in Sub Saharan Africa, substantially improving access to 
diagnostic and care services. Central Africa countries such as Gabon however, with oil based upper 
middle income levels, low population density and comparatively low disease burden, have so far failed 
to attract attention from international donors. In the TB arena, most have not benefited from regional 
reinforcement initiatives (ie: Expand TB, TB Reach). Disease control programs remain fragile and 
perform sub-optimally. Effective interventions (i.e.: DOTS, rapid molecular based MDR TB testing) 
have yet to be endorsed and implemented. Innovative collaborative models must therefore be 
developed.  
  
Methods: Since 2009, the Centre de Recherches Médicales de Lambaréné (CERMEL) invested in 
developing TB clinical research capacity (EDCTP and DZIF support), including setting up a state of 
the art TB laboratory. Early efforts focused on characterizing local TB epidemiology. Special attention 
was directed at establishing a strong collaborative framework with Gabon MoH. In December 2014, a 
MoU was signed with the National TB program including 5 domains of intervention: diagnostic services 
for TB and MDR TB; support for TB patients’ clinical management; public HR training and mentorship; 
technology transfer; fostering locally relevant clinical research. A TB focal point is ensuring liaison with 
NTP, national authorities and local technical agencies (WHO).  
  
Results: CERMEL generated valuable data about emergence of drug resistant TB in the country. Via 
national/international calls to action, CERMEL mobilized funds (BMBF) allowing rapid introduction of 
second line drugs in Gabon and supported setup of MDR TB management units within national 
hospitals, piloting a short duration regimen in line with the recent WHO endorsement. Fast track 
uptake of CERMEL TB epi data, and provision of expert mentorship to NTP staff, proved instrumental 
for the successful elaboration of a Global Fund TB concept note. CERMEL was selected as GF grant 
sub-beneficiary, standing in for yet to be setup national structures (national TB reference lab) and 
overseeing technically more complex activities. CERMEL also actively contributes to national TB 
control strategies and guidelines updates. A detailed rollout plan has been developed to ensure timely 
and sustainable transition to national partners. In June 2016, CERMEL was granted the status of 
privately owned Public utility.  
  
Conclusion: This public private partnership contributed to increase Gabon attractiveness for 
international donors, accelerating the national TB control agenda. Conversely, CERMEL gained 
recognition for its growing expertise in TB and expanded its collaborative network, opening new and 
potentially fruitful avenues in the operational and implementation research areas. 
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Background: Emerging multidrug resistance (MDR) of Mycobacterium tuberculosis is a major 
challenge for the global control of tuberculosis. MDR-TB therapy is expensive and often has to be 
interrupted and altered due to severe adverse drug events. A long duration of combination antibiotic 
therapy is necessary to achieve relapse-free cure from MDR-TB.Quantification of antibiotic 
concentration in plasma plays an important role to offer precisely tailored therapy regimen to patients, 
referred to as personalized medicine. TDM has the potential to avoid adverse events by enabling the 
reduction of too high dosages. Low serum drug concentrations have been shown to cause therapy 
failure and drug resistance where TDM might help to predict treatment outcome and prevent acquired 
drug resistance. LC-MS/MS technique is the most suitable method for a multianalyte assay as is 
required in the context of TDM. This single instrument, single run concept is challenged by the 
chemical diversity of substances involved in TB therapy.  
 
Methods: We aim to extract and measure 21 drugs in plasma used for the treatment of MDR-TB. 
Drugs that are being evaluated includes standard TB treatment regimen (rifampicin, isoniazid, 
pyrazinamide and ethambutol), second-line drugs (fluoroquinolones -levofloxacin,moxifloxacin-
,second-line injectable drugs-amikacin,capreomycin,kanamycin-,β-lactams -amoxicillin,clavulanic acid, 
meropenem-, bedaquiline,clofazimine, cycloserine, delamanid, linezolid, PAS,prothionamide, and 
terizidone. Analysis of antibiotics from patients’ plasma are performed by using High Performance 
Liquid Chromatography (HPLC) (Waters Acquity UPLC) interfaced with an ESI Triple Quadrupole 
Mass Spectrometer (Waters Micromass Quattro Premier XE Mass Spectrometer). MS is operated in 
positive ion mode and the analytes are determined by using the multiple reaction monitoring (MRM) 
mode with specific transition parameters optimized for each antibiotic.  
 
Results: At the time of abstract submission the detection of the target compounds by MS has been 
successfully established. Masses and mass transition parameters have been identified for each 21 
MDR-TB medicines, with specific transition in MRM mode. Injection into the HPLC system yields a 
visible peak in 16 of 21 substances. Of these 16 analytes, 9 can be separated acceptably in a single 
run of 8 minutes excluding equilibration time.  
 
Conclusion:The first step of establishing a HPLC-MS/MS platform for application in TDM for MDR-TB 
therapy has been realized.Presently 75% of the medicines included in our panel can be identified and 
nearly 50% are acceptably separated for quantitative analysis.Next steps will be to complete the 
identification and separation process for all antibiotics and to reproducibly extract the respective 
antibiotics from patients’ plasma. Once operational, the TDM platform will provide possibilities to 
individualize the dosage of medicines for each patient with MDR-TB in order to optimize treatment 
outcomes. 
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Lately, much effort has been made to find mRNA biomarkers for tuberculosis (TB) disease/infection 
with microarray-based approaches. In a pilot investigation, through RNA sequencing technology, we 
observed a prominent modulation of DOCK9, EPHA4, and NPC2 mRNA abundance in the blood of TB 
patients. To corroborate these findings, independent validations were performed in cohorts from 
different areas.  
  
Gene expression levels in blood were evaluated by quantitative real-time PCR (Brazil, n = 129) or 
reanalysis of public microarray data (United Kingdom [UK]: n = 96; South Africa: n = 51; Germany: n = 
26 and UK/France: n = 63).  
  
In the Brazilian cohort, significant modulation of all target-genes was observed comparing TB versus 
healthy recent close TB contacts (rCt). With a 92% specificity, NPC2 mRNA high expression 
(NPC2high) showed the highest sensitivity (85%, 95% CI 65% – 96%; area under the ROC curve 
[AUROC] = 0.88), followed by EPHA4 (53%, 95% CI 33% – 73%, AUROC = 0.73) and DOCK9 (19%, 
95% CI 7% – 40%; AUROC = 0.66). All the other reanalyzed cohorts corroborated the potential of 
NPC2high as a biomarker for TB (sensitivity: 82% – 100%; specificity: 94% – 97%). An NPC2high 
profile was also observed in 60% (29/48) of the tuberculin skin test positive rCt, and additional follow-
up evaluation revealed changes in the expression levels of NPC2 during the different stages of M. 
tuberculosis infection, suggesting that further studies are needed to evaluate modulation of this gene 
modulation during latent TB and/or progression to active disease.  
  
Considering its high specificity, our data indicate, for the first time, that NPC2high might serve as an 
accurate single-gene biomarker for TB. 
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Background: Onward transmission of drug-resistant (DR) tuberculosis (TB) is well recognized. The 
extent to which DR strains cause infection and progression to TB disease compared to drug-sensitive 
(DS) strain is unknown. We performed a systematic review to assess whether transmission and 
progression to active TB disease differ between DR- and DS-TB.  
 
Methods: Nine databases were searched. Eligible studies i) compared contacts of index cases with 
DS- and DR-TB, ii) investigated contacts either in households, congregated settings, workplaces or as 
part of an outbreak investigation and iii) reported either on prevalent and/or incident Mycobacterium 
tuberculosis (Mtb) infection or secondary cases of TB disease.  
 
Results: 291/5316 identified studies were assessed as full texts and seven studies from Brazil (n=2), 
Peru (n=1), Argentina (n=1), Mexico (n=1), Canada (n=1) and USA (n=1) conducted between 1975 
and 2013 were included in the review. The prevalence of Mtb infection ranged from 17.5% to 76.0% in 
contacts of DR-TB index cases, and 12.1% to 83.1% in contacts of the DS-TB index cases. The 
proportion of secondary TB cases occurring among contacts of DR-TB index cases ranged from 0.7% 
to 6%, while that of contacts of DS index cases ranged from 0.8% to 5.45%. Fixed effects meta-
analysis of the relative risk ratio for Mtb infection in contacts of MDR-TB compared to DS-TB index 
cases, finding a pooled relative risk ratio of 1.24 (95%CI 1.08-1.42). Heterogeneity of results was high 
(I2 75%). The pooled relative risk comparing contact of mono-resistant and DS-TB index cases was 
1.33 (95%CI 1.20-1.46). Pooled risk ratios for active TB disease were non-significant.  
 
Conclusion: There was a remarkable lack of data from Asia and Africa. Only one study was conducted 
in a high MDR-burden country (Peru). Except for one study from the 1970 none of the studies were 
focused on child contacts only. The review shows that contacts of DR-TB were at higher risk of Mtb 
infection than contacts of DS-TB. 
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To successfully treat tuberculosis (TB) in patients, antibiotics have to breach the complex structures of 
centrally necrotizing granulomas and permeate the fibrous cuff in order to reach their bacterial targets 
in the necrotic center. Because Mycobacterial tuberculosis (Mtb) infection of ordinary mice does not 
result in these characteristic features of human TB the standard mouse model is currently challenged 
and alternative preclinical models for the evaluation of novel anti-TB drugs are required. One of these 
novel therapeutics, BTZ043, belongs to the class of benzothiazinones which are new chemical 
compounds that target the DprE1 catalytic component of the essential enzyme decaprenylphosphoryl-
β-D-ribofuranose-2'-epimerase thereby blocking the biosynthesis of arabinans which are vital 
components of mycobacterial cell walls. In vitro BTZ043 displays nanomolar bactericidal activity and is 
active against MDR-clinical isolates (1). To investigate the efficacy of BTZ043 in depth in vivo we 
applied two different mouse models of chronic tuberculosis infection. The maximal achievable 
microbiological effect of BTZ043 and the underlying pharmacokinetic profiles were analyzed in the 
standard model using BALB/c mice whereas its anti-mycobacterial effect under the physiological 
conditions of necrotizing granulomas were determined in interleukin-13 overexpressing mice (IL13tg) 
which greatly reflect the pathology of human post-primary TB with centrally necrotizing granulomas 
that other commonly used murine models do not develop (2). To explore the maximal achievable 
effect of BTZ043, infected BALB/c mice were treated with different dosages of BTZ043 (50 mg/kg, 100 
mg/kg, 250 mg/kg, 500 mg/kg and 1000 mg/kg) and INH (25mg/kg) and vehicle as controls for 4, 6 or 
8 weeks. Already 4 weeks of treatment with BTZ043 reduced the bacterial burden in the lungs 
significantly compared to untreated mice. Moreover after 6 and 8 weeks of therapy the three highest 
BTZ043 dosages showed superior activity to INH. To study the effect under more physiological 
human-like conditions IL-13tg mice were treated with BTZ043 (250 mg/kg) at the time-point when 
centrally necrotizing granulomas developed. Interestingly only 10 days of therapy reduced the 
bacterial burden in the lungs by approx. 1 log. Together, our results so far emphasize the anti-
mycobacterial potency of BTZ043 and moreover indicate that BTZ043 is able to penetrate into the 
granulomas during post-primary TB. Currently, the localization of BTZ043 within the centrally 
necrotizing granulomas is under investigation by 2D mass spectrometry imaging.  
  
(1) Makarov V, Manina G, Mikusova K, Möllmann U. et al., Benzothiazinones kill Mycobacterium 
tuberculosis by blocking arabinan synthesis. Science. 324: 801-4 (2009).  
  
(2) Heitmann L. et al., The IL-13/IL-4Rα axis is involved in tuberculosis-associated pathology. J Pathol. 
234: 338-50 (2014). 
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In recent years, the success of dropping total case numbers of tuberculosis has become challenged 
by the increasing incidence of multiple (MDR) or extensively resistant (XDR) TB. As there is virtually 
no environmental reservoir of the MTBC bacteria, the disease can be controlled by public health 
interventions. This necessitates reliable genotyping of bacterial isolates for monitoring treatment 
success, local outbreak detection, and regional surveillance. The results of traditional typing methods 
such as spoligotyping or MIRU-VNTR can be easily expressed in a number format similar to a 
barcode, automatically grouping the isolates in a meaningful way by simply collecting those isolates 
with an identical barcode pattern in a clonal complex. Thereby, the results of newly analysed isolates 
can easily be combined with existing data and shared between laboratories.  
Several studies have already shown that the use of whole genome sequencing (WGS) allows for a 
much higher resolution and simultaneous resistance phenotype prediction. However, at present, the 
key limiting factors for widespread use of WGS genotyping are non-standardised analysis pipelines 
and the problems inherent in the commonly used SNP based analysis for data exchange between 
laboratories in an easily extendable classification scheme. In fact, with SNP based pipelines, the 
addition of new isolates into an existing study usually requires extensive recalculation.  
One solution is the use of a multi locus sequence type (MLST) scheme encompassing the entire core 
genome set of genes (cgMLST). This strategy has been successfully employed for several bacterial 
species. Previously, we demonstrated the usefulness of a core genome MLST scheme for M. 
tuberculosis, with sufficient resolution to resolve individual outbreaks. In this study, we introduce and 
evaluate the performance of a cgMLST scheme for the whole MTBC using a reference collection 
reflecting the known diversity. From our results, the suggested MLST scheme consisting of 2891  
genes was able to reliably classify isolates, with at least 97% of the genes reliably identified in all 
MTBC groups, and allowing for in depth resolution of individual outbreaks. 
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Chronic asymptomatic Plasmodium falciparum infections are common in endemic areas and are 
thought to contribute to the maintenance of malaria immunity. Whether treatment of these infections 
increases the subsequent risk of clinical episodes of malaria is unclear. In a three-year study in Mali, 
asymptomatic individuals with or without P. falciparum infection at the end of the six-month dry season 
were identified by PCR, and clinical malaria risk was compared during the ensuing six-month malaria 
transmission season. At the end of the second dry season, three groups of asymptomatic children 
were identified: 1) children infected with P. falciparum as detected by rapid diagnostic testing (RDT) 
who were treated with antimalarials (n=104), 2) RDT-negative children whose untreated P. falciparum 
infections were detected retrospectively by PCR (n=55), and 3) uninfected children (RDT/PCR 
negative) (n=434). Clinical malaria risk during two subsequent malaria seasons was compared. P. 
falciparum-specific antibody kinetics during the dry season were compared in children who did or did 
not harbour asymptomatic P. falciparum infections. Chronic asymptomatic P. falciparum infection 
predicted decreased clinical malaria risk during the subsequent malaria season(s); treatment of these 
infections did not alter this reduced risk. 
P. falciparum-specific antibodies declined similarly in children who did or did not harbour chronic 
asymptomatic P. falciparum infection during the dry season. These findings challenge the notion that 
chronic asymptomatic P. falciparum infection maintains malaria immunity and indicate that mass drug 
administration during the dry season should not increase the subsequent risk of clinical malaria. 
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Introduction: A drug for causal chemoprophylaxis of Plasmodium falciparum malaria with prolonged 
activity would advance malaria-control significantly. DSM265, an antimalarial drug candidate with in 
vitro activity against Plasmodium falciparum liver stage, was tested for causal prophylactic efficacy 
using controlled human malaria infection (CHMI).  
  
Methods: Two cohorts of healthy, malaria-naïve adults were randomly allocated to receive 400mg 
DSM265 (n=6) or placebo (n=2) either one or seven days before CHMI by direct venous inoculation 
(DVI) with 3200 aseptic, purified, cryopreserved P. falciparum sporozoites (PfSPZ Challenge). Another 
6 volunteers received daily atovaquone/proguanil (250/100 mg) for 9 days, starting one day before 
CHMI. All treatments were given per os, allocation to DSM265 or placebo was double-blinded. 
Volunteers were followed for 60 days post-DVI and received rescue treatment on Day 28 or when 
parasitemic, as detected by thick blood smear (TBS) microscopy and qPCR. Primary efficacy endpoint 
was time-to-parasitemia, assessed by TBS.  
  
Results: All volunteers receiving atovaquone/proguanil or DSM265 one day before CHMI were 
protected, whereas all placebo-recipients developed malaria. Administered seven days before CHMI, 
DSM265 was less efficacious: 3/6 volunteers became TBS and 6/6 qPCR positive. Preliminary 
pharmacokinetic-pharmacodynamic (PK/PD) analysis suggests that the suppressive activity of 
DSM265 is similar to its blood stage activity. DSM265 was well tolerated.  
  
Conclusion: DSM265 exhibits causal prophylactic activity in this proof of concept study. Further 
studies will be needed to determine the optimal dose and interval of administration. 
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To date, immunization with live attenuated parasites constitutes the most efficacious vaccination 
approach to induce sterile protection against malaria infection, in both humans and animal models. 
However, the implementation of these vaccines faces several major challenges, with vaccine dosage 
and immunization schedules being amongst the critical parameters that require optimization. In our 
study we use the clinically most advanced type of attenuated malaria vaccine, i.e. radiation-attenuated 
sporozoites (RAS), in the murine model of Plasmodium berghei to gain a better quantitative 
understanding of the dynamics of vaccine-induced, protective CD8+ T cell responses. Ultimately, this 
will form the basis for the development of improved prime-boost vaccination regimes taking into 
consideration crucial factors such as dosage, timing and longevity of protection. To achieve this goal, 
experimental data from immunization studies varying dose, frequency and timing of booster injections 
was combined with a mathematical model assuming a linear differentiation pathway of T cells. This 
enables us to determine the rates of differentiation, proliferation, reactivation and death of distinct 
CD8+ T cell subpopulations and their spatial distributions within the host. Our data provides insight into 
the dynamics of CD8+ T effector and central memory responses as influenced by different vaccination 
schedules and their correlation with protective efficacy. Additionally, this interdisciplinary approach 
combining experimental data with mathematical modeling will allow us to perform similar analyses with 
other existing whole-organism vaccination approaches. By comparing those to the gold standard RAS 
it will be possible to identify the most promising vaccination protocols and hence improve their 
applicability for clinical development. 
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The Institute of Public Health and Centre de Recherche en Santé de Nouna in the framework of the 
DZIF Project African Partner Institution is currently implementing the assessment of causes of fever 
without source survey (FWS) in order to develop an algorithm of diagnostic and therapy of fever in 
Burkina Faso.  
The study is taking place from October 2015 to September 2016. The study population is composed of 
children ≤ 15 years of age with fever (≥38°C) admitted to the paediatric ward of the Nouna District 
Hospital. During 12 months of the recruitment period an estimated number of 500 children will be 
enrolled in the study from the paediatric ward.  
After obtaining informed consent from eligible patient, the study nurse is taking blood and urine 
samples for laboratory analysis. The study nurse is filling in the study forms such as recruitment und 
social-economic forms and the physician is performing a thorough physical examination while filling in 
the case report forms. Laboratory test results from hospital laboratory (i.e. Malaria diagnostics, FBC, 
urinalysis and other rapid test results) are made available as soon as possible to the treating 
physician. Clinically relevant testing results from the research laboratory (i.e. blood and stool culture 
results) are communicated via phone to the treating physician. The patients are medically treated 
according to relevant hospital and national guidelines.  
Data on medical history is collected including: the child’s general condition, the duration of symptoms, 
last stay in a hospital, reason for the last stay in hospital, underlying diseases. Laboratory 
investigations including malaria parasite counts, cultures, serum collection, and RNA/DNA extraction 
for molecular diagnosis will be performed.  
The study is still on-going, so results cannot be presented here but will be available by the conference 
end of November 2016. 
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The recent emergence of artemisinin resistance accentuates the need for novel antimalarial drugs that 
exploit new molecular targets with distinct chemical features to prevent cross-resistance mechanisms. 
The work presented here is a medicinal chemistry program starting from the antiprotozoal drug 
amicarbalide resulting in two compounds with optimized pharmacological and antiparasitic features. 
The lead compound SC81458 and the clinical development candidate SC83288 clear malaria 
parasites at low nanomolar concentrations in vitro, as well as in vivo in a humanized SCID mouse 
model system. Furthermore they are highly active against different P. falciparum strains, including 
strains resistant and multi-resistant to currently used antimalarial drugs. The compounds are well 
tolerated as shown in different animal model systems, including rats and monkeys, and a detailed 
ADMET study revealed no obvious cytotoxic or teratogenic effects. Detailed pre-clinical 
pharmacokinetic and toxicological studies support the clinical development of SC83288 towards an i.v. 
application for the treatment of severe malaria. To further understand their mode of action, P. 
falciparum parasites were exposed to gradually increasing concentrations of the lead compound and 
the development candidate. Resistant parasites were subjected to ultra-deep sequencing. It was found 
that they harbored an amplification of a distinct region of chromosome 1 including the endoplasmic 
Ca2+ ATPase (PfATP6) and some discrete mutational changes in this gene. Preliminary calcium-live 
imaging results however rather tend to suggest a role of PfATP6 in the resistance to the compounds 
instead of being a target. Further experiments are on-going to validate this observation and investigate 
the mode of action of the compounds. 
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Sickle cell trait is a common hereditary disorder resulting from a single amino acid substitution of 
glutamic acid to valine at position 6 in ß-globin (ß6glu→val). Sickle cell trait can cause severe 
microvascular dysfunction when inherited from both parents, but it affords a survival benefit to the 
heterozygous carrier in infections with the human malaria parasite Plasmodium falciparum. Similarly, 
carriers of haemoglobin C (ß6glu→lys) and infants within the first months of life until haemoglobin F 
expression ceases are protected from severe malaria. The molecular basis of protection is only partly 
understood. Previous studies have associated protection with a reduced capacity of infected foetal 
and haemoglobinopathic erythrocytes to cytoadhere to the endothelial lining of venular capillaries. 
Reduced cytoadhesion is thought to mitigate the life-threatening down-stream effects caused by 
cytoadhering parasitized erythrocytes, such as impaired tissue perfusion, hypoxia, and systemic 
microvascularitis. We have recently found that impaired cytoadhesion is the endpoint of a cascade of 
events that begins with the instability of these haemoglobin variants and a tendency to increased 
accidental auto-oxidation, which in turn leads to elevated quantities of irreversibly oxidized 
haemichromes, ferryl haemoglobin, protein radicals, free ferryl haem, and other oxidants. We further 
found that this pro-oxidative environment interferes with pathophysiological functions of the malaria 
parasite, including host actin mining from the membrane skeleton and the generation of an actin 
network for vesicular trafficking of adhesins and other virulence factors from the Maurer’s clefts to the 
erythrocyte surface. Moreover, Maurer’s clefts do not properly form under oxidative conditions since 
their morphology depends on a functional actin network. As a result of the impaired intracellular 
protein trafficking system, the amount of displayed adhesins is reduced and those adhesins that are 
displayed are aberrantly presented as they are anchored in malformed and widely-dispersed knobs. In 
summary, our results provide novel insights into a naturally-occurring protective mechanism against 
severe malaria and identify redox imbalance as the causative principle of protection. We anticipate our 
findings to inspire novel interventions regimens that target the host cell rather than the parasite itself, 
and, thus, might be exempt from parasite-encoded drug resistance mechanisms. 
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Immunity to Malaria develops slowly over years through repeated exposure resulting mainly in 
protection from severe (natural acquired immunity, NAI). Sterile protective immune responses are so 
far only achieved by immunization with attenuated whole-parasites. However, the entire picture of 
antigens crucial for inducing potent, protective anti-plasmodial immune responses remains incomplete.  
We present a method based on a novel high-density peptide microarray technology allowing the 
identification of antigenic peptides and at the same time the mapping of respective epitope 
sequence(s) within an entire antigen. The technology provides a multifaceted application spectrum for 
malaria research and can be utilized to unravel antibody-mediated immune responses involved in the 
establishment of NAI and (vaccine-mediated) sterile immunity, respectively. We used these peptide 
arrays i) to better characterize epitopes associated with naturally acquired immunity; and ii) to identify 
new experimental vaccine epitopes. We hence analysed the peptide array profiles of serum samples 
from individuals living in a malaria-endemic area (Burkina Faso) and compared the responses to naïve 
(European) individuals. We suggest that peptide arrays can be applied as a screening method 
assisting in the identification of novel immunogenic antibody epitopes from a large number of potential 
peptides. Peptide arrays may provide a potential tool to confirm vaccine potency during clinical 
development by verifying the induced antibody responses following vaccination. Ultimately, discovered 
antigen candidates and/or epitope sequences can be translated into next-generation malaria vaccine 
design. 
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Background: The Fever Without Source Study, which assessed diseases in febrile children admitted to 
a Ghanaian hospital, determined that multiple diagnoses per child were frequently made. Especially 
co-diagnoses in children with malaria infection were commonly observed. In these children it is unclear 
whether they suffer from two independent illnesses or whether they have a symptomatic disease along 
with a rather uncomplicated co-diagnosis. In hospital-based case-control studies negative associations 
between symptomatic diseases are observed, when both diseases are associated with hospitalisation. 
Utilising this effect, we estimated which groups of diseases are a likely cause for hospital admission.  
 
Methods: Febrile (≥38°C) children (≤15 years) admitted to the Agogo Presbyterian Hospital in Ghana 
were included into the study. Extended clinical and microbiological diagnostics were applied according 
to a clinical algorithm to establish diagnosis. Using a case-control approach, associations between all 
possible diagnoses pairs were estimated, so that diagnosis A was the exposure and diagnosis B the 
outcome. An odds ratio (OR) below one points towards a negative association.  
 
Results: In total, 1,238 children were included into the study, of these 163 (13%) children had no 
diagnosis, 691 (56%) had a mono-diagnosis and 384 (31%) children were admitted with two or more 
conditions. Most diagnoses occurred independently and patients with or without a diagnosis were as 
likely to have a particular co-diagnosis. Diagnoses less often observed in the presence of another 
condition were malaria and bacteraemia (OR=0.1; 95%-confidence interval [CI]: 0.1–0.2), CNS 
infection and LRTI (OR=0.5; 95%-CI: 0.3–0.8), and malaria and LRTI (OR=0.3; 95%-CI: 0.2–0.4).  
 
Conclusion: Negative associations may point to diagnoses, which are independent reasons for 
hospital admission. Within our study malaria, CNS infection, bacteraemia and LRTI could be revealed 
as independent causes for hospitalisation. Nevertheless, the data also highlight that co-diagnoses 
occur frequently, which must be considered when making individual treatment decisions. 
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Background: The globally widespread pathogen Parvovirus B19 causes asymptomatic infections or 
the childhood disease 'erythema infectiosum'. It is also known to cause severe or even refractory 
anemia in the immunocompromised host, such as in children from malaria endemic regions. Aim of 
this study was to assess the frequency and disease severity of human Parvoirus B19 infection in 
febrile children from Ghana as well as effects of a Plasmodium falciparium co-infection in these 
patients.  
  
Methods: From November 2013 to April 2015 febrile (≥38°C) children (≤15 years) admitted to the 
Agogo Presbyterian Hospital in Ghana were included into the study.  
Malaria microscopy was performed and venous blood samples were analysed for Parvovirus B19 
(PCR and IgM). Data from three groups, i) Parvovirus B19 PCR-positive, ii) Parvovirus B19-IgM 
positive (negative PCR) and iii) no infection, were analysed regarding the distribution of sex, age, 
number of siblings, basic clinical parameters, malaria status (>5000 Plasmodium falciparum-
Parasites/µl) and anemia (Hb < 8g/dl).  
  
Results: Median age in months of PCR-positive children was 46 (inter quartile range 28–72), which 
was higher than in the other two groups.  
Parvovirus-IgM was detected in 17,5% of malaria patients but only in 7.5% in Malaria negative 
patients (p<0.001). In children without malaria, anemia was more frequent in Parvovirus-IgM-positive 
children (p=0.02) but not in the PCR-positive group (p=0.3). In malaria patients the association of 
Parvovirus IgM positivity and anemia could not be shown.  
  
Conclusion: An association of malaria, anemia and Parvovirus B19 infection could be shown for 
children with positive IgM antibodies but not in children who were PCR-positive only. The high amount 
of IgM positive blood samples with a negative PCR result questions the reliability and specificity of 
IgM-antibody detection within epidemiological studies. False positive lab results may be due to an 
unspecific stimulation of polyclonal B-cells by malaria resulting in increased IgM antibody production. 
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We have previously shown that dideoxy bicyclic pyrimidine nucleoside analogues with L-chirality (L-
ddBCNAs) exhibit antiviral activity against measles and vaccinia viruses and suggested a cellular 
target (McGuigan et al., 2013). Here we report, that the lead compound cf2642 completely inhibits the 
formation of measles wildtype virus syncytia in B95a and VerohSLAM cells with an IC90 of 10µM, 
without reduction of cellular ATP production or cell-to-cell adhesion at 12 hours post-infection. 
Measles viruses are known to induce successive stages of autophagy in virus infected cells. 
Autophagy flux was monitored at 12 hours post-infection by fluorescent cell sorting and quantitative 
Western blotting of LC3-ll (microtubule-associated protein 1 light chain 3) and p62 protein, also known 
as sequestosome 1 (SQSTM1) in the presence and absence of cf2642. cf2642 inhibits measles virus 
induced autophagy in infected cells with an IC90 of 1µM. cf2642 was subsequently found to inhibit 
Zika virus plaque formation on A549 cells with an IC90 of 2.5µM. Flaviviruses were previously 
reported to be sensitive to autophagy inhibitors. We propose that cf2642 is a novel autophagy inhibitor 
affecting viruses inducing autophagy in their lifecycle. Autophagy is a cellular pathway modulated in 
many virus infections and in cancer cells. 
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The Norway rat Rattus norvegicus is an important reservoir of zoonotic pathogens, such as orthopox 
virus (OPV) and Leptospira, but also for agents of no or unknown zoonotic potential. In addition, in 
Norway rats human pathogens have been detected, but rats are most likely not involved in their 
transmission, but may serve as a sentinel, e.g. for extended spectrum ß-lactamase (ESBL)-producing 
enterobacteriaceae.  
In a recent survey, Norway rats originating from five European countries were investigated for 
Leptospira spp., Rickettsia spp., OPV, and rat polyomavirus (ratPyV). Leptospira DNA was detected in 
60 of 420 rats and Rickettsia DNA was found in three of 369 rats. PCR-based typing resulted in the 
identification of Leptospira interrogans and Rickettsia helvetica, respectively. RatPyV DNA was 
detected in 103 of 421 rats. In contrast, OPV DNA was detected in none of the rats, and OPV-specific 
antibodies in only three of 388 rats. The frequency of single Leptospira and ratPyV infections and co-
infections was, independent of sex, higher for adults compared to juveniles/subadults and higher at 
rural sites compared to urban areas.  
Study results indicate a broad geographical distribution of Leptospira DNA in rats within Europe 
underlining the need to further investigate transmission routes and population dynamics leading to 
increased prevalence in rural habitats. Furthermore, the potential influence of ratPyV on the 
susceptibility to infections with other pathogens should be investigated in future studies. 
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Background: Risks associated with Zika virus (ZIKV) transmission in the Americas have been 
discussed widely in the media. We assessed risk perceptions and behaviour in Lower Saxony, 
Germany, with a special focus on pregnant women, a risk group for complications associated with 
ZIKV infection. We also compared risk perceptions between the current ZIKV outbreak and the Ebola 
virus disease (EVD) outbreak in 2014 in the same study population (Rübsamen et al. 2015).  
  
Methods: In May 2016, we surveyed the participants of an online panel in Lower Saxony (addressing 
hygiene and preventive behaviour regarding infections) with respect to their risk perceptions related to 
ZIKV. Of 1,037 adults aged 15 to 69 years participating in the panel, 717 (69.1%) filled in the 
questionnaire. We additionally included 26 expectant parents who were recruited at antenatal 
preparation courses in Braunschweig and Hannover between May and July 2016. The questionnaire 
covered perceptions of personal ZIKV risk, knowledge of ZIKV transmission modes, behaviour 
changes due to the current outbreak, and hypothetical scenarios regarding travel to areas with current 
ZIKV transmission. 
  
Results: Six hundred fifty-five (69.1%) of the panel participants had ever heard about ZIKV. Of those, 
7.8% were concerned about ZIKV. Concerns varied by sex and pregnancy status, but not by age, 
education, or knowledge of ZIKV transmission. Pregnancy status was the only relevant predictor in a 
logistic regression model for concerns about ZIKV (OR 6.2 [2.9; 13.3] for individuals currently pregnant 
or with pregnant partner and OR 3.3 [1.0; 10.1] for those planning a pregnancy, both compared to 
those not currently pregnant and not planning a pregnancy). The majority of participants (79.0%) 
would travel to the 2016 Olympics in Brazil if they won a free trip; this proportion was lower in currently 
pregnant women (46.0%). Pregnancy status, perception of risk during travel to affected countries, and 
concern about ZIKV were predictors of declining to travel to the 2016 Olympics under our hypothetical 
scenario. More participants had been concerned about EVD in 2014 (26.2%) than about ZIKV in 2016 
(7.8%). Knowledge of EVD transmission was comparable to knowledge of ZIKV transmission (median 
6 points (ZIKV) vs. 6 points on an 11 point scale (EVD)). The perceived likelihood of contracting EVD 
in different scenarios was higher for EVD than for the ZIKV (e.g. contracting on public transit 16.0% 
(EVD) vs. 2.8% (ZIKV)). 
  
Conclusion: This survey shows that perceptions of risk are appropriate and that the fear of contracting 
ZIKV, even when traveling to affected countries, is not a major deterrent for most people. We also 
show that pregnant women and their partners are likely to be appropriately concerned about the 
relevant risks of ZIKV and respond accordingly. The comparisons with EVD reveal that ZIKV is 
perceived as less of a threat than EVD, which appears appropriate considered the less severe 
population-level outcomes. 
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Classification and identification of bacteria is an important task in clinical settings. While taxonomy is 
an evolutionary science, the concept to identify bacteria has evolved from just phenotypic testing to 
molecular methods. In this genomic era, where whole genome sequencing (WGS) of a bacterium is 
becoming a daily or routine task, the focus of taxonomy is shifting toward the use of WGS to identify 
and classify bacteria. We explore the use of WGS to validate the taxonomic position of traditionally 
defined and identified bacterial pathogens. We compare both in-house sequenced and publicly 
available genomes of the genus Enterobacter (n=980), Serratia (n=356), Listeria (n=784) and 
Elizabethkingia (n=31) with type species of the respective genus using average nucleotide identity 
(ANI) and genome-to-genome distance calculator (GGDC) algorithm. Based on the ANI and GGDC 
recommended cutoffs (>95% and >70% respectively) gross misclassifications among the members of 
the genus Enterobacter, Serratia, and Elizabethkingia were identified. Several isolates assigned to the 
species of a particular genus were misclassified and placed to another species. In addition, strains 
that did not group with any of the known type species based on recommended cutoffs were detected, 
suggesting the existence of yet unidentified novel species. This was the case for the genus 
Enterobacter, Serratia, and Elizabethkingia. Importantly, taxonomic conflicts can lead to 
misclassification of pathogenic to non-pathogenic species. This data can be used to generate in silico 
probes for simple and rapid identification of the members of the species from the curated taxonomy. 
Therefore, WGS is highly useful for correct identification of bacterial pathogens. 
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Tick-borne encephalitis – an emerging viral infection in Germany 
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Tick-borne encephalitis (TBE) is the most important tick-borne viral disease of humans in Europe and 
Asia. It is caused by a flavivirus, which circulates between ticks and rodents. Humans are dead-end 
hosts and do not play any role for the transmission cycle of the virus in nature. In Germany between 
200 and 450 human cases are registered every year. Human cases mainly occur in Southern 
Germany (Federal States of Baden-Württemberg, Bayern, Hessen). In the other federal states human 
TBE cases occur sporadically and often are imported from other endemic areas of Germany and 
Europe.  
In 2016, however, human cases were reported for the first time in different areas of northern and 
western Germany. In the city of Solingen (Federal State of Nordrhein-Westfalen) an autochthonous 
human case was reported to be acquired directly in the city. Another human case was reported from 
the city of Lingen/Ems (Federal State of Niedersachsen). This human case is especially interesting as 
it is near the Dutch frontier where this year also the first autochthonous human case of The 
Netherlands had been reported. Two fatal cases in dogs have been recorded in the region of 
Hannover (Federal State of Niedersachsen) from the Veterinary Highschool of Hannover. The first 
ever registered human case was detected in the District of Rostock (Federal State of Mecklenburg-
Vorpommern). In addition, there seems to be a spread of human cases in Eastern Germany. Three 
human cases were reported in the District of Cottbus (Federal State of Brandenburg) where so far only 
sporadic human cases had been diagnosed.  
There is a clear tendency of emergence and northward and westward spreading of human TBE cases 
in Germany and beyond in The Netherlands. Genetic analyses of the causing TBE virus strains are on 
the way to clarify genetic relationships to known TBE viruses and using these data to analyze potential 
ways of introduction and spread of TBE viruses through Germany and Europe. 
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Tick-borne encephalitis (TBE) is the most important tick-borne viral disease of humans in Europe and 
Asia. It is caused by a flavivirus, which in nature circulates between ticks and rodents. Humans are 
dead-end hosts and do not contribute to the transmission cycle of the virus in nature. There is a clear 
tendency of northward and westward spreading and emergence of TBE virus and human TBE cases 
in Germany and in whole Europe. However, the mechanisms and ways of spreading of TBE virus are 
still unclear.  
During our studies on TBE natural foci in Eastern Bavaria we detected that in any particular natural 
focus a unique TBE virus strain can be detected which can be genetically clearly differentiated from 
any other TBE virus strain. Further studies on the genetic variability of the TBE virus over 8 years, 
however showed that a unique TBE virus strain which had its origin in a different natural focus about 
20 km away, was sporadically introduced into another focus. This pattern of appearance clearly 
indicates a sporadic discontinuous introduction of TBE viruses in new areas, although it seems the 
virus could not establish there for several instances.  
Due to the first reports of human TBE cases in some villages around the TBE focus, the genetically 
identical TBE virus strain was detected in new foci around. These data imply also a continuous spread 
of TBE virus around its original natural focus if suitable landscape types are available. This pattern of 
continuous spread may be explained by the spread by terrestrial mammals or local birds.  
The results for the first time show evidence of two different mechanisms of spread of TBE virus. Long 
distance, discontinuous spread of TBE most probably happens by birds. But so far, the detailed 
mechanisms are unclear. They could transport infected ticks within their radius of activity or transport 
of the virus during the viremic phase and acquisition in new locations of the virus from blood-sucking 
ticks. Short distance spread of the virus might happen via transport of TBE virus with terrestrial 
animals (rodents, insectivores, roe deer) or via local bird populations either by transport of infected 
ticks (roe deer, small mammals) or by blood sucking of ticks during the viremic phase in rodents 
and/or insectivores. 
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Hyalomma (H.) rufipes, is a two-host tick and the most widespread Hyalomma species in Africa. It is a 
known vector of Crimean-Congo Hemorrhagic Fever (CCHF) virus and Rickettsia aeschlimannii. In 
December 2015, a male ixodid tick with an “unusual” morphology was detected on a horse by the 
owner in a stable near Mainz in the Federal State Rhineland-Palatine. For identification purposes, the 
tick was preserved in alcohol and sent to our laboratory. The morphology of the tick showed specific 
characteristics of H. rufipes. For the confirmation of the identification we also analyzed the tick using 
molecular methods. The 16S rDNA sequence was analyzed. As no 16S rDNA sequences of this tick 
species were available in public data bases for comparison we used sequences from H. rufipes from 
Tanzania which were generated in our laboratory. Our results show that the 16S rDNA of H. rufipes 
from Germany was identical to the corresponding sequence of H. rufipes from Tanzania. Both 
sequences were closely related to H. marginatum, a related tick species of the same taxonomic 
complex from southern and eastern Europe whose 16S rDNA sequence was found in the NCBI data 
base. Our data show that without our own sequences for comparison and without morphological 
identification the tick would have been wrongly identified as a European tick species. The tick was 
tested by real-time PCR for rickettsiae and CCHF virus with negative results.  
This is the first time that H. rufipes was detected in Germany. We suppose that the tick was imported 
in the nymphal stage by a migrating bird. Due to the favorable weather conditions for the tick in 2015 
this tropical tick species could develop into the next stage and be found on the horse. This is an 
example that African ticks can be imported into Central Europe, most probably on birds. Under 
favorable conditions tropical tick species may develop into the next developmental stage in Germany 
and be found on farm and pet animals and therefore may be able also to introduce and potentially 
transmit highly pathogenic tick-borne pathogens. 
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Globally disseminated multidrug-resistant (MDR) Escherichia coli sequence type 131 (ST131), is a 
highly adapted clone often isolated from urinary tract and bloodstream infection worldwide. The 
population structure of non-ESBL ST131 isolates in urinary tract infections is presently not known. 
Here we used whole genome sequencing to analyze the population structure of both ESBL and non-
ESBL ST131 isolates.  
We analyzed in details 30 closed genomes of ST131 isolates of which 22 were ESBL and 8 were non-
ESBL. The chromosomal and plasmid content of the strains were highly similar irrespective of the 
ESBL phenotype. Bioinformatics analysis indicated that CTX-M allele was an independent unit that is 
always associated with either ISEcp1 or IS26 with different consequences. Chromosome insertions 
were exclusively associated with ISEcp-1 while plasmid insertions additionally flanked by IS26. We 
discovered that IS26 associated CTX-M and adjacent antibiotic resistance cassettes formed 
‘Translocatable Units’ (TUs), which represent are represented in multiple copies in plasmids as a 
result  
of localized replication. Virulence genes were present on the chromosome and mainly on 
pathogenicity islands. The chromosomal locations of pathogenic islands were identical in all ST131 
chromosome studied. This study indicates there are no significant differences between ESBL and non-
ESBL isolates in both chromosomal and extra-chromosomal components of ST131. Thus ST131 is a 
highly adapted and successful nosocomial clone worldwide. The acquisition of a CTX-M allele and 
increased use of third generation cephalosporin promoted the expansion of the ST131 worldwide.  
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The emergence of novel viruses and variants of viruses poses a significant risk to human health. Most 
of so called “emerging infections” originate from animals, from where a spill-over to humans is 
frequently driven by viral evolution leading to changes of viral properties. A continuous surveillance of 
the virus spectrum of animals being in close contact with humans will allow early recognition of such 
risks. Within the TTU “Emerging infections”, our project aims at detection and characterization of novel 
viruses originating from farm and companion animals.  
  
Recently, we have identified novel viruses from the family Flaviviridae in cattle and pigs from 
Germany. A so far unknown hepatitis C virus-like virus was detected in cattle which shows a liver 
tropism and often leads to persistent infection [1]. Serological investigations show that it is highly 
prevalent in Germany. Furthermore, a virus from the genus Pegivirus was identified in pigs and could 
subsequently be detected in several swine herds in Germany [2]. Ongoing studies focus on the 
spectrum of potential hosts for these newly identified viruses including analyses of human samples 
with respect to a possible presence of viral genomes and virus-specific antibodies.  
  
Furthermore, we addressed a research question of high current interest targeting zoonotic hepatitis E 
virus (HEV) infection. In Europe, HEV genotype 3 is endemic in pigs and wild boar and is assumed to 
be transmitted to humans through contaminated pork products. Recently, it was reported that HEV 
genotype 4 is highly prevalent in dairy cows in China and that infectious virus is excreted into milk. 
However, applying a highly sensitive and broadly reactive qRT-PCR method to 400 bulk milk samples 
provided no evidence for the presence of HEV in cattle in Germany [3].  
  
[1] Baechlein C, Fischer N, Grundhoff A, Alawi M, Indenbirken D, Postel A, Baron AL, Offinger J, 
Becker K, Beineke A, Rehage J, Becher P. 2015. Identification of a Novel Hepacivirus in Domestic 
Cattle from Germany. J Virol. 89(14):7007-15 . 
[2] Baechlein C, Grundhoff A, Fischer N, Alawi M, Hoeltig D, Waldmann KH, Becher P. 2016. 
Pegivirus Infection in Domestic Pigs, Germany. Emerg Infect Dis. 22(7):1312-4. 
[3] Baechlein C, Becher, P. 2016. No evidence for zoonotic HEV infection through dairy milk in 
Germany. submitted manuscript. 
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Zika virus is a recently reemerging mosquito borne flavivirus, causing flu like illness and CNS 
infection, which can lead to embryopathy/microcephaly in utero. Increasing numbers of infections have 
been reported in 2015 and 2016 in a global context, causing WHO to declare a public health 
emergency. There is no vaccine or approved treatment for infected or exposed individuals. We report 
here the antiviral effect of a novel broad spectrum flavivirus polymerase inhibitor of the Cima series 
(Cima 4) versus Zika Virus in human cell lines, with an IC50 of 4uM+/-0.2. This is a 12 fold 
improvement over Ribavirin in the same assay (IC50 50uM+/-5). In combination with L- ddBCNA 
cf2642, an autophagy inhibitor originally reported to be active versus vaccinia and measles viruses 
(McGuigan at al., 2013, and unpublished data), synergy was observed, with a combined IC50 of 
1uM+/-0.2. This is a 50 fold improvement in vitro over ribavirin alone in the same assay. CC50 was 
determined to be >20 uM for all antivirals used, giving a selective index of the drug combination of 20 
or better. We believe our results warrant further development of the agents versus Zika virus and 
make a case for combined virus specific and cell targetting therapies. The merits of the xCELLigence 
system measuring impedance to determine IC50/CC50= selective index for high throughput analysis 
of antiviral compound candidates will be discussed. 
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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. This approach should also 
circumvent the usual fast development of drug resistances observed in the case of viral targets. 
Screening the SARS-CoV orfeome against human cDNA libraries by unbiased Y2H methods we 
recently had identified CoV proteins as interaction partners of human cyclophilins (Cyps). 
Consequently, we showed that Cyclosporin A (CsA) inhibits the replication of human and animal 
CoVs. Now we demonstrate that novel non-immunosuppressive derivatives of CsA as well as 
Alisporivir, NIM811 strongly inhibit the growth of human and animal CoVs at low micromolar, non-
cytotoxic concentrations in cell culture. We show by qPCR analysis that virus replication is diminished 
by several orders of magnitude down to background levels. Knockdown of the cellular CypA 
(CypA/PPIA) in Caco-2 cells prevents replication of HCoV-NL63 respectively, suggesting that CypA is 
required for virus replication. Collectively, our results uncover CypA as a host target for controlling 
CoV infection and provide new strategies for urgently needed therapeutic approaches to combat newly 
emerging viruses like MERS-CoV. CypA might serve as a new biomarker in anti-coronaviral research. 
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Background: The human pathogenic Middle East respiratory syndrome coronavirus (MERS-CoV) is 
endemic in dromedary camels in Africa and on the Arabian Peninsula. So far, studies in Kazakhstan 
and Mongolia reported the absence of MERS-CoV in Bactrian and dromedary camels.  
 
Objectives: Here, we tested dromedaries originating from different herd types and sampled in different 
regions of Pakistan for MERS-CoV antibodies.  
 
Materials and methods: 565 sera were sampled in 9 districts of Punjab, the eastern province of 
Pakistan, between 2012 and 2015. Sera were tested using a commercially available Camel Anti-
MERS-CoV ELISA. ELISA-reactive sera were subsequently tested in a microneutralization test (NT) 
for confirmation.  
 
Results: 223 of 565 sera (39.5%) had MERS-CoV neutralizing antibodies. We found 56.2% of 
nomadic camels positive for MERS-CoV antibodies, contrasted by 31.6% of semi-nomadic camels, 
and 29.4% of sedentary camels. MERS-CoV antibody positive camels were found in all study years 
and in 8 of 9 districts tested. In accordance with previous studies husbandry type (nomadic) and age 
(>5 years) were found to be significant risk factors for MERS-CoV infection (p-values <0.001).  
 
Conclusion: Our findings show that the first infections of Pakistani dromedaries with MERS-CoV can 
be dated back at least to 2012 and suggest a frequent and continuous circulation in Pakistan. 
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Hypomorphic mutations in the recombination activation genes (RAG1 and RAG2) can lead to a 
phenotype resembling combined immunodeficiency (CID), Omenn Syndrome (OS) or common 
variable immunodeficiency (CVID). Here we describe novel mutations in RAG1 in a compound 
heterozygous male patient with combined T- and B cell immunodeficiency (CID). Clinical 
manifestations besides antibody deficiency included airway infections and recurrent gastroenteritis. He 
deceased at the age of 37 due to progressive multifocal leukoencephalopathy (PML) caused by 
polyomavirus JC virus (JVC) infection.  
We detected post-mortem in this patient by targeted next-generation sequencing three mutations in 
RAG1. One allele harbored two novel mutations (c.1123C>G, p.H375D and c.1430delC, 
p.K86Vfs*32), viz. a missense variant and a frameshift deletion, of which the latter leads to a truncated 
RAG1 protein. The other allele revealed a previously described missense mutation (c.1420C>T, 
p.R474C, rs199474678). Functional analysis of the p.R474C variant in an in vitro V(D)J-recombination 
assay exhibited reduced recombination activity compared to a wild type control. Our findings suggest 
that mutations in RAG1, specifically the p.R474C variant, can be associated with relatively mild clinical 
symptoms or delayed occurrence of T and B deficiency and may predispose to PML. 
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Objectives: The incidence of invasive fungal infections is increasing in all parts of the world. Less 
common emerging fungal pathogens account for significant numbers of these invasive infections. 
Invasive trichosporonosis is one example of an emerging fungal pathogen. The epidemiology data is 
scarce and current treatment recommendations cannot be considered evidence based. Significant 
numbers of cases for systematic analysis cannot be collected in one center alone. Therefore, “TriReg 
– A Study of Trichosporonosis” has been launched as an ECMM (European Confederation of Medical 
Mycology) Working Group in April 2013. The objective of the study is to overcome the lack of 
knowledge on invasive trichosporonosis in order to yield better evidence for diagnosis and treatment.  
 
Methods: TriReg uses an online case report form. For case enrolment cultural evidence of invasive 
trichosporonosis is required. In addition to demographic and clinical data, isolates are collected and 
formal identification by morphology and molecular tools and susceptibility testing are performed.  
 
Results: In total 40 cases of invasive trichosporonosis were documented from seventeen countries. 
Twenty two patients underwent chemotherapy. Other risk factors were stem cell transplantation (n=5), 
abdominal surgery (n=5) and solid organ transplantation (n=4). Sixteen patients were treated in the 
intensive care unit. Eighty eight percent of the patients experienced disseminated infection 
documented by positive blood cultures in all cases but two. Outcome was poor with a median survival 
time of 15 days and an overall mortality rate of 60%. Eighty three percent of the deaths were 
attributable to the fungal infection.  
 
Conclusion: Invasive trichosporonosis is a rare disease with a very poor prognosis. A joint 
international effort is required to advance the knowledge on this orphan disease, in order to improve 
patient care. TriReg provides a platform to achieve this goal, and new contributors are invited to 
participate.  
  
Keywords: Trichosporonosis, web-based registry, invasive fungal infection 
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Introduction: Influenza A virus H7N9, a new type A avian influenza virus that frequently spills over into 
the human population, emerged in spring 2013 and still causes considerable mortality in infected 
patients. To be prepared for human-to-human spread of this subtype and potential pandemics, 
effective and safe vaccines are needed in high dose numbers. Classic influenza vaccine production in 
chicken eggs is tedious and may result in low vaccine yield that is potentially not sufficient to cover 
global vaccination. Recombinant measles virus (MV) vaccine constitutes a promising tool to induce 
immunity against foreign pathogens by expressing their antigens. This vaccine can be produced 
quickly and to high titers under standard conditions.  
 
Objectives: Generation of recombinant MV that is suitable as an efficient and quickly producible 
vaccine against the high-pathogenic influenza A virus strain H7N9.  
 
Methods: Full-length genes encoding the neuraminidase (N9) or hemagglutinin (H7) of H7N9 were 
cloned into two different additional transcription units of the MV vaccine strain MVvac2 genome either 
behind the P (post P) or the H (post H) gene cassettes, each. The recombinant MV were rescued, 
amplified in Vero cells, and characterized in passages 3 and 10 via sequencing using RT-PCR, 
immunoblot, neuraminidase assay, or analysis of growth kinetics. MV-susceptible IFNAR-/--CD46Ge 
mice were immunized twice with 1x105 TCID50 of MVvac2-H7(P) or MVvac2-N9(P). Cellular immunity was 
determined by IFN-γ ELISpot assay, humoral immunity by quantifying total and neutralizing antibody 
titers directed against H7N9 as well as hemagglutination inhibiting (HAI) antibody titers. 
Neuraminidase inhibition is currently under evaluation.  
 
Results: All recombinant MV-derived vaccines have been rescued, replicated comparably to the 
control virus MVvac2-GFP, and were genetically stable over 10 passages. Robust expression of H7 and 
N9 was demonstrated. Both transgenes were expressed to a higher degree after insertion of 
respective genes into the post P position, as expected. Furthermore, the immunization of mice with 
MVvac2-H7(P) or MVvac2-N9(P) resulted in a significant induction of antibodies binding to H7 or N9, 
respectively. Antibodies induced by MVvac2-H7(P) had neutralizing as well as hemagglutination 
inhibiting capacity. In addition, splenocytes of these mice were specifically reactive to H7 as revealed 
by robust IFN- γ secretion after antigen-specific stimulation. The protective capacity of these immune 
responses is currently in progress.  
 
Conclusion: Recombinant MV is a vaccine platform with potential to generate effective pre-pandemic 
Influenza vaccines in the backbone of a very safe, immunogenic and easily producible replicating virus 
vaccine. 
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Wild birds are reservoir hosts and vectors of endemic or re-emerging zoonotic pathogens and 
substantial part of their transmission cycles in Central Europe. Therefore, monitoring and 
pathogenesis studies in these animals provide an essential early warning system for the occurrence 
and exposure to zoonotic pathogens.  
The current investigations on wild and domestic birds include zoonotic arthropod-borne flaviviruses, 
avian influenza viruses and alphaviruses.  
Special emphasis is laid in our project on West Nile virus (WNV), a mosquito-borne viral pathogen of 
global importance. In Northern America the WNV epidemic has spread primarily by following the 
flyways of migratory birds. And also in south and southeast Europe the WNV cases of humans and 
horses are often associated with the major flyways of migratory birds. Therefore an incursion of WNV 
into Germany is possible in the near future.  
The epidemic spread of a close WNV relative, Usutu virus (USUV) with low zoonotic potential, but high 
virulence for different avian species, should also be investigated. In Germany USUV was initially 
discovered 2011 in wild birds, mainly common blackbirds, in the Upper Rhine Valley and are 
circulating since then in different regions of the country.  
  
We have therefore monitored migratory and resident birds by systematically setting up a nation-wide 
wild bird surveillance network for zoonotic arthropod-borne virus infections. From 22 different 
collection sites distributed over Germany we could investigate over 800 blood samples from migratory 
and resident birds in 2015. In this year already over 300 samples were collected, which are now 
analysed by different qPCR, NGS and by serology for flavivirus infections.  
  
In two previous studies (Ziegler et al. 2012, 2015) our data showed no evidence for indigenous WNV 
infections, even though potential vector mosquitoes are present in Germany. Recently, the evidence of 
a third independent USUV strain introduction into Germany was revealed, which is indicative for an 
ongoing virus incursion (Ziegler et al. 2016).  
  
  
Ziegler et al. 2012, Zoonoses Public Health, 59,95-101  
Ziegler et al. 2015, Vect. Borne Zoonotic Dis. 15:481- 488  
Ziegler et al. 2016, Vet. Microbiol., 192:60-66 
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Ebola virus disease (EVD) is an emerging infection that has caused more than 11,000 deaths in the 
latest outbreak from 2014 to 2016. Despite promising first attempts to establish an effective prevention 
modality, no FDA-approved vaccines or therapeutic agents are available to date (1). Neutralizing 
antibodies (NAbs) targeting the surface-exposed viral glycoprotein (GP) have been shown to prevent 
infection in non-human primates (2-6) and are able to clear infection up to 5 days post challenge (3). 
Therefore, NAbs are promising candidates for the prevention and treatment of EVD and detailed 
analyses of the humoral immune response and the isolation of highly potent NAbs against 
Ebolaviruses are of critical need. 
 
 In this project we characterize the Ebolavirus GP-specific B cell response of an EVD survivor from the 
latest outbreak using advanced single B cell analyses. Ebolavirus GP-reactive antibodies will be 
cloned from different time points including 6 and 7 weeks, as well as 1 year after infection. Sorting 
strategies using GPs of different Ebolavirus species and the Ebolavirus GP of the patient itself will be 
used to isolate specific B cells and will improve the likelihood to identify antibodies with cross-
neutralizing activity. In addition, we are isolating Ebolavirus GP-specific B cells from healthy 
individuals, who have been immunized with rVSV-ZEBOV recently evaluated in a DZIF-co-sponsored 
phase I clinical trial and now in preparation for licensing (7). Thus, we are able to compare the 
antibody response induced by immunization with natural acquired immunity after Ebolavirus infection. 
We hypothesize that the analysis of the B cell response in EVD survivors and vaccinated individuals 
will reveal new insights of an effective humoral response targeting Ebolaviruses.  
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Within the genus Pseudomonas, P. putida and P. aeruginosa are classified as human pathogens. 
Particularly P. aeruginosa is one of the most frequently isolated pathogens, causing 10% of all 
nosocomial infections in hospitals and shows high resistant rates. Pseudomonads cause pneumonia 
(cystic fibrosis), urinary infects, enterocolitis, meningitis, otitis externa and infections of skin wounds. 
Infections can be treated currently with a few Pseudomonas-active ß-lactam antibiotics, quinolones 
and macrolides. Multiresistant strains are treated with aminoglycosides, carbapenems and 
polymyxins, which however show severe side effects. Consequently, there is an urgent need for new 
agents which combat Pseudomonads.  
Uridylpeptide antibiotics such as mureidomycins, pacidamycins, sansanmycins and napsamycins 
show potent antibacterial activity against P. aeruginosa (MIC 0.1–3 µg mL−1) and protect mice against 
P. aeruginosa infection (ED50 Mureidomycin A–D: 69, 75, 50 and >100 mg kg−1)1. Mureidomycins were 
found to selectively inhibit bacterial MraY translocase, showing no inhibition of bacterial teichoic acid 
or mammalian glycoprotein biosynthesis2,3. In order to overcome a production bottleneck to gain 
sufficient material for further assays and kinetics studies, we first optimized the production of 
uridylpeptide antibiotics, performed media screens, precursor feedings and integrated transcriptional 
activators. In addition, special attention will be paid to the mode of action. MraY-translocase is an 
essential enzyme in peptidoglycan biosynthesis and represents a new potential target for antibacterial 
drug development. Beside inhibition of the active binding pocket of MraY, a second binding site within 
MraY was recently identified4. To investigate inhibition of this second binding site, different 
uridylpeptide antibiotics were isolated and are going to be tested against wildtype MraY, as well as 
modified MraYs with no target interaction at the second binding site.  
  
1Inukai et al., 1989. The Journal of antibiotics 42: 662-666.  
2Inukai et al., 1993. Antimicrobial agents and chemotherapy 37: 980-983.  
3Isono and Inukai. 1991. Antimicrobial agents and chemotherapy 35: 234-236.  
4Rodolis et al., 2014. Chem Commun (Camb) 50: 13023-13025. 
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Introduction: Staphylococcus aureus is one of the major pathogens causing both local and systemic 
infections leading to increased morbidity and mortality. Moreover, small-colony variants (SCVs), a 
slow growing subpopulation of S. aureus with reduced and altered cell-wall division, are frequently 
isolated in chronic, persistent and recurring infections. The aggravation of therapy of S. aureus 
infections due to SCVs necessitates alternative prophylactic and therapeutic options. Previous 
investigations have shown that recombinant chimeric bacteriophage endolysins are highly active 
against S. aureus without triggering resistance formation. However, the substance’s activity has not 
been thoroughly characterized on SCVs so far.  
  
Objectives: This study examines the in vitro antistaphylococcal activity of the endolysin HY-133 
against clinical wild type (WT) isolates and their clonally identical SCVs in comparison to the β-lactam 
antibiotic oxacillin at varying growth phases.  
  
Materials and Methods: For 12 clinical S. aureus strain pairs comprising the WT isolates and their 
corresponding SCVs, the minimum inhibitory and bactericidal concentrations (MICs and MBCs) were 
determined. For all isolates, the direct colony suspension method was performed as recommended by 
CLSI. To further evaluate the activities of HY-133 and oxacillin during exponential growth phase of 
SCVs and WTs, MICs and MBCs were determined after 3 h of incubation in liquid medium. 
Additionally, the killing kinetics of HY-133 in comparison to oxacillin were analyzed in time-kill studies.  
  
Results: For HY-133, calculated medians of MIC and MBC (mg/L) were identical in 95.8% of isolates. 
In particular, direct colony suspension method yielded MIC/MBC50 values of 0.12 for WTs and 0.25 for 
SCVs, respectively. Inoculation of exponential growth cultures revealed MIC/MBC50 values 
comparable to stationary growth cultures. MIC/MBC90 values were found to be 0.5 for all strain pairs 
and growth phases. For oxacillin, 20.8% of all MBCs tested were higher than MICs. For both growth 
phases, MIC/MBC50 values were 0.5 for WTs and 0.25 for SCVs. MIC/MBC90 values were found to be 
1.0 for all strain pairs with one exception for MIC90 tested from exponential growth (0.5).  
Time-kill curves revealed an eradication of 99.9% of the initial inoculum of all strains after 1 h of 
incubation when using 4 mg/L HY-133. However, regrowth was detected for all concentrations used. 
In contrast, the same concentration of oxacillin eradicated 99.9% of the bacteria within 4-24 h 
depending on the strain used. For oxacillin, no regrowth was demonstrated.  
  
Conclusion: This study emphasises the high bactericidal activity of HY-133 against S. aureus WTs and 
SCVs even under different growth conditions. HY-133 acts in a very fast manner and its bactericidal 
activity appears to be higher than that of oxacillin. However, regrowth phenomenon remains to be 
further elucidated. 
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Filarial infections can be treated with antibiotics (e.g. doxycycline or rifampicin) that deplete the 
essential Wolbachia endobacteria, blocking worm development and causing worm death. The natural 
compound Corallopyronin A (CorA), isolated from the myxobacterial strain Corallococcus coralloides 
B035, is active against Wolbachia endosymbionts by inhibiting the bacterial DNA dependent RNA 
polymerase. Within DZIF we conducted non-GLP ADMET studies and have shown that CorA is orally 
bioavailable, reaching plasma levels comparable to i.p. or i.v. administration. We have shown that 
CorA is macrofilaricidal and is not toxic in vitro and in vivo. Drug-drug interactions similar to rifampicin 
are not expected, as CorA does not alter the expression of cytochrome P450 in human liver cells and 
CYP450 3A4 is minimally induced. Its high protein binding does not negatively affect the bioactivity. 
Due to its lipophilic character, CorA has a better stability in fed state (FeSSIF) compared to the fasted 
state (FaSSIF), which should be considered for an oral formulation. In collaboration with the HKI 
(Jena), we developed the production of this promising antibiotic from laboratory scale to large-scale 
(220 L) fermentation.  
  
For a cost-effective production further improvement is required, including up-scaling to an industrial 
scale. Improvement can be achieved either by strain optimization, where the wild type producer (C. 
coralloides B035) is mutated to increase the CorA yield, or by heterologous expression in a closely 
related and biotechnologically modified myxobacteria (Myxococcus xanthus) with fewer by-
products/contaminations. We have submitted a Flex Funds application that proposes to follow both 
strategies in parallel, with partners from Acies Bio, Slovenia and within DZIF from the Helmholtz 
Centre for Infection Disease (HZI) and the Helmholtz Institute for Pharmaceutical Research Saarland 
(HIPS). After 12 months the most promising route will then be continued for development of a more 
efficient downstream processing protocol to yield CorA at >90% purity at an industrial-scale. These 
improvements will increase the market opportunities for CorA and provide compound for studies in 
larger mammals and phase 1 trials.  
  
The CorA obtained from both routes of production will be used to define the product specification, and 
to conduct final non-GLP in vitro and in vivo ADMET studies, which could not be done due to 
insufficient product, in partnership with a CRO. The resulting improved strain and isolation protocol 
can then be transferred to a GMP-certified CMO to produce CorA under GMP-like conditions for GLP 
studies, for which we will seek scientific advice from BfArM. 
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Contents: Antibacterial drugs discovery platforms  
The development of new antibiotic drugs is urgently needed to tackle the increasing problem of 
antibiotic resistant bacteria that strain health systems worldwide.  
Screening of soil microorganisms has proven to be the most successful source for new antibiotics. 
However, by the 1960s a lot of known compounds were rediscovered and it seemed that this resource 
was exhausted. But, in this context it has to be taken into account that approximately 99% of all 
species in natural environments are considered ‘unculturable bacteria’ that cannot be cultivated with 
conventional laboratory techniques.1 This vast untapped resource must be explored. Hence, new and 
optimized laboratory techniques are required. Recent success, like the discovery of the promising 
antibiotic teixobactin, draw a lot of attention to this research field. The isolation of the soil-derived 
bacterial teixobactin producer was achieved with the utilization of a so called ‘iChip’ device, which 
mimics natural environmental conditions and dramatically increases the cultivation rate of former 
‘unculturable’ bacteria.2  
Our research project focusses on ‘unculturable’ microorganisms and the optimization of isolation 
strategies for bacteria and fungi from terresterial and marine habitats. Therefore we utilize a 
combination of diffusion chamber and co-cultivation approaches. We focus on promising species with 
antibiotic activities which are consequently introduced to our own well-established antibiotic screening 
platform.  
During this project around 600 bacterial strains have been isolated from terrestrial and marine 
samples so far. Around 75 of these strains show antibiotic activities, including activities toward 
relevant pathogens. Inter alia 12 strains produce metabolites active against methicillin resistant 
Staphylococcus aureus (MRSA) and three strains inhibit the growth of enterohemorrhagic Escherichia 
coli (EHEC).  
The isolation and identification of the active compounds is currently ongoing.  
Analyses are assisted by LC-MS/MS-based dereplication techniques, utilizing the ‘Global Natural 
Products Social Molecular Networking’ to avoid the reisolation of known antibiotics.3 MS- and 
bioactivity-guided fractionation is used to isolate pure compounds that are tested against a panel of 
relevant pathogens.  
  
  
References  
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2. Ling, L. L. et al. Nature 517, 455–459 (2015).  
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Isolation of “uncultured” myxobacteria: A potential source of promising anti-infectives 
R. Garcia, R. Müller 
Helmholtz-Institute for Pharmaceutical Research Saarland - Helmholtz Center for Infection Research, 
Saarbrücken, Germany 
 
Myxobacteria belong to a unique order of prokaryotes best known for their multi-cellular fruiting body 
morphology, and for production of novel secondary metabolites. Compounds discovered in 
myxobacteria are mostly anti-microbial, of which 54% are anti-fungal, 29% antibacterial, and some 
with antimalarial and antiviral activities [1]. More than 100 novel basic structures and over 500 
derivatives were isolated and elucidated from this group of bacteria, which hence have become an 
important natural product source for anti-infective research and drug discovery. Based on our analysis, 
novel compounds produced by myxobacteria appear often attributed to the discovery of 
phylogenetically distant strains representing a new genus or even a new bacterial family. The diversity 
of myxobacterial 16S rRNA gene sequence metagenomes in the public database suggests many 
members of this group are still “uncultivated”. Biodiversity-phylogenetically driven isolation in 
combination with exploration of the uncommon ecological environments has led to successful isolation 
and cultivation of these bacteria. By BLASTn analysis of 16S rRNA gene, these isolates were found 
distantly related to known myxobacteria, and they appear to be more closely related to the so called 
“viable but not culturable” (VBNC) bacteria. Some of these isolates were described belonging to novel 
myxobacterial genera and families [2-3]. Our investigation of the novel myxobacteria have identified 
antimicrobial activities not correlated to known metabolites. Compound isolations are on-going to 
identify these new promising anti-infectives. Genome sequencing is also currently being performed to 
reveal the genes encoding for the anti-infective compounds.  
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Development of Screening Systems for the Identification of Novel Antibiotics 
E. Stegmann, K. Wex, A. Berscheid, H. Broetz-Oesterhelt, W. Wohlleben 
Institute for Microbiology and Infection Medicine, Tuebingen, Tuebingen, Germany 
 
The Tuebinger strain collection includes a large number of proven producers of interesting 
compounds, which have not been followed up. So far, these strains were only grown in standard 
production media and no effort has been made to analyze their full biosynthetic capabilities. We are 
developing methods to exploit this potential. On one hand, we are simulating those growth conditions 
in the environment in which natural product synthesis is required for survival. Those conditions should 
induce expression of specific biosynthetic genes in the genome of bacteria. On the other hand, we are 
applying a genetic approach. In previous years we have characterized a large number of regulators 
which induce the expression of biosynthetic gene clusters encoding compounds of different structures 
and mode of action (1). We are setting up a “regulatory gene bank” which will be transferred into 
producers of the Tuebinger strain collection. Induction of natural product synthesis will be monitored 
either on product level and/or on gene expression level using reporter systems.  
A special effort will be made to develop a robust reporter system for antibiotic production. Ideally, this 
system should allow us to detect the production of antibiotics, while the fermentation process is still 
ongoing. Promoters are known from previous large-scale transcriptome studies that are selectively 
induced upon stresses acting on different bacterial metabolic pathways. So far, such reporter strains 
have been employed predominately for mode of action studies of antibacterial agents, providing first 
ideas on the metabolic pathway affected (2). We now are exploiting reporter strains to monitor 
production of antibiotic substances to screen for isolates that produce antibacterial agents and to 
select conditions favorable for antibiotic production. In a feasibility study we are constructing a panel of 
reporter strains to be used in the screening effort of the Tuebingen strain collection.  
In parallel, a sequencing project has been initiated in which the genome sequence of 75 bacterial 
strains, preliminary characterized as prolific producers of secondary metabolites, will be determined. 
Genome data will be analyzed for the presence of putative antibiotic biosynthetic gene clusters using 
bioinformatics tools (3).  
 
These combined approaches driven by microbiological, genetic and bioinformatics techniques will 
enable the exploitation of the huge sleeping potential of the strains of the Tuebinger collection.  
 
(1) Iqbal, M., Y. Mast, R. Amin, D. Hodgson, STREAM consortium, W. Wohlleben, and N. Burroughs. 
2012. Nucleic Acids Res. 40:5227-5239.  
(2) Urban, A., Eckermann, S., Fast, B., Metzger, S., Gehling, M., Ziegelbauer, K., Rübsamen-
Waigmann, H., and C. Freiberg. 2007. Appl. Env. Microbiol. 73:6436-6443.  
(3) Weber, T., K. Blin, S. Duddela, D. Krug, H.U. Kim, R. Bruccoleri, S.Y. Lee, M.A. Fischbach, R. 
Müller, W. Wohlleben, R. Breitling, E. Takano, and M.H. Marnix. 2015. Nucleic Acids Res. 
43(W1):W237-43. 
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Screening of cyanobacteria extracts for inhibitory activity against the cysteine 
protease rhodesain of Trypanosoma brucei 
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Cyanobacteria are known as a rich source of structurally diverse protease inhibitors [1], but no 
screening for rhodesain inhibitors has been reported yet. Therefore a collection of about 670 
cyanobacteria extracts was screened for inhibitory activity against rhodesain according to Breuning 
[2]. The trypanosomal cysteine protease rhodesain plays a major role during parasitic infection by 
Trypanosoma brucei, known as human African trypanosomiasis (HAT) [3]. Rhodesain is involved in 
the parasitic crossover of the blood-brain-barrier, leading to the late-stage of HAT [4] and in the 
synthesis of variant surface glycoproteins (VSGs) of trypanosomes, enabling T. brucei to elude host 
immune response [5]. Thus it is regarded as a promising target for the development of urgently 
needed new therapies [3].  
  
The screening of the extract library revealed 12 extracts from the genera Aphanizomenon, 
Cylindrospermum, Fischerella, Nostoc, and Oscillatoria with a rhodesain inhibition of higher than 90% 
at 0.1 mg/mL. The most promising hit extract from a Nostoc strain has subsequently been fractionated 
using flash chromatography and preparative high-performance liquid chromatography in order to 
isolate the active compounds.  
  
Five structurally related compounds (Mr 603 to 621 g/Mol) with rhodesain inhibition of more than 90% 
at 0.1 mg/mL could be isolated in addition to three less active compounds of the same compound 
family. Interestingly, the most abundant compound of this compound family is not active in the assay. 
Structure elucidation of the active compounds has been carried out mainly by nuclear magnetic 
resonance spectroscopy and tandem high resolution mass spectrometry. 
  
Our study confirms that cyanobacteria present a valuable source for protease inhibitors. Further 
investigations concerning activities against other proteases relevant in infectious diseases are 
planned.  
  
[1] Radau G. Cyanopeptides: A New and Nearly Inexhaustible Natural Resource for the Design and 
Structure-Activity Relationship Studies of New Inhibitors of Trypsin-like Serine Proteases. Curr Enz 
Inhib 2005; 1: 295-307  
[2] Breuning A, Degel B, Schulz F, et al. Michael Acceptor Based Antiplasmodial and 
Antitrypanosomal Cysteine Protease Inhibitors with Unusual Amino Acids. J Med Chem 2010; 53: 
1951-1963  
[3] Ettari R, Tamborini L, Angelo IC, et al. Inhibition of Rhodesain as a Novel Therapeutic Modality for 
Human African Trypanosomiasis. J Med Chem 2013; 56: 5637-5658  
[4] Lonsdale-Eccles JD, Grab DJ. Trypanosome hydrolases and the blood–brain barrier. Trends 
Parasitol 2002; 18: 17-19  
[5] Overath P, Chaudhri M, Steverding D, Ziegelbauer K. Invariant surface proteins in bloodstream 
forms of Trypanosoma brucei. Parasitol Today 1994; 10: 53-58 
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Bacteria that colonize and infect the human body have adapted well to our immune defenses. The 
particular case of Staphylococcus aureus is noteworthy as it can be a normal commensal but also a 
pathogen. Indeed, S. aureus developed mechanisms to resist, in particular, to host cationic 
antimicrobial peptides (CAMPs). With a general negatively charged surface, S. aureus repulses 
CAMPs by decorating the cell surface with positively (or neutral) residues. As examples are: a) the 
incorporation of L-lys to phosphatidylglycerol by MprF; b) the D-alanylation of teichoic acids by DltA-D; 
c) the amidation of the peptidoglycan by GatD/MurT (1,2). Accordingly, S. aureus mutants of these 
proteins are more susceptible to CAMPs and have reduced capacity to cause infections in animal 
models (3).  
We focus on the screening of molecules that sensitize S. aureus or other healthcare-associated 
pathogens to CAMPs. Targeting non-essential proteins is thought to result in lower emergence of 
resistance and thus having a better outcome for clinical use. Our approach includes the growth of 
bacteria with non-inhibitory concentration of a CAMP-like antibiotic (daptomycin) together with a library 
molecule. Compounds that inhibit targets involved in CAMPs resistance will affect bacterial 
susceptibility to daptomycin and growth will be reduced.  
Three unrelated libraries of compounds were screened: a) 143 natural compounds from myxobacteria 
provided by the Helmholtz Institute for Pharmaceutical Research Saarland; b) the VARious sources of 
synthetic compounds Library (VAR) comprising 3344 compounds and c) the Library of 
Pharmacologically Active compounds (LOPAC) with 1408 drugs.  
From the myxobacteria library, myxovirescin A was identified as an interesting candidate. We show 
that S. aureus is more susceptible to non-inhibitory concentrations of several cationic antimicrobials, 
such as daptomycin, polymyxin B, and gallidermin only in the presence of myxovirescin A and not of 
other type of antibiotics. Myxovirescin has been found to inhibit the E. coli lipoprotein signal peptidase 
II (Lsp) (4). We confirmed that inhibition in S. aureus but Lsp inhibition did not led to susceptibility to 
CAMPs suggesting that myxovirescin A may have one of the CAMP resistance proteins as a second 
target.  
High-throughput screening of the VAR library resulted in 28 putative hits. From these, only 14 showed 
concentration-dependent activity and will be further studied.  
From the LOPAC library around 35 drugs were synergistic with daptomycin and the vast majority were 
dopamine-receptor antagonists. The relationship between these antagonists and daptomycin 
susceptibility is under investigation.  
Taken together our strategy allowed us to identify around 50 putative compounds (1% of the total 
amount of molecules screened) that are under further analysis to specifically look for inhibitors of 
proteins involved in CAMPs resistance. 
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Metabolic rewiring of macrophages during inflammation reveals new intervention 
points 
K. Hiller1, 2, T. Cordes3, J. Meiser4, L. Krämer5, 6 

1Braunschweig Integrated Center of Systems Biology, Technische Universität Braunschweig, 
Braunschweig, Germany, 2Helmholtz Zentrum für Infektionsforschung, Braunschweig, Germany, 
3Department of Chemical Engineering, University California San Diego, San Diego, United States, 
4CRUK Beatson Institute, Glasgow, United Kingdom, 5Luxembourg Centre for Systems Biomedicine, 
University of Luxembourg, Luxembourg, Luxembourg, 6Braunschweig Integrated Center for 
Systemsbiology, Technische Universität Braunschweig, Braunschweig, Germany 
 
Having profiled the metabolome of macrophages and microglial cells under inflammation, we identified 
an intracellular and highly abundant metabolite: itaconic acid. By applying stable-isotope labeling 
experiments, we could demonstrate that this metabolite is produced in the tricarboxylic acid cycle from 
cis-aconitate by an enzyme encoded by immune response gene 1 (IRG1). Besides its antimicrobial 
function in the innate immune response, it turned out that itaconic acid is itself involved in metabolic 
regulation during inflammation. One key step during metabolic reprogramming in activated 
macrophages is the stabilization of HIF1α. Regulatory activity of this factor is known to increase the 
glycolytic flux towards lactic acid production and to reduce respiration. To get a better picture of the 
rearrangement of intracellular metabolic fluxes, we applied stable-isotope labeling and showed that a 
sustained flux of pyruvate through pyruvate dehydrogenase complex (PDH) is essential for 
macrophage polarization. A sustained and high pyruvate flux into the TCA cycle is required for the 
synthesis of itaconic acid and lipogenic citrate. By inhibiting the mitochondrial pyruvate transporter and 
thus decreasing pyruvate oxidation through PDH, we could modulate the immune response of the 
macrophages. This is an example on how metabolism itself is involved in cellular regulation and how 
detailed knowledge on such can offer therapeutic intervention points. 
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Safety and efficacy of REP 2139 monotherapy and subsequent combination therapy 
with pegylated interferon alpha-2a in Caucasian patients with chronic HBV / HDV co-
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Background and Aims: HBV / HDV co-infection causes rapid progression of liver disease and with no 
approved therapy, represents a significant unmet medical need. The nucleic acid polymer (NAP) REP 
2139 blocks HBV subviral particle assembly and release from infected hepatocytes and can eliminate 
serum HBsAg in chronic HBV and HBV / HDV co-infection. In the ongoing phase II proof-of-concept, 
the safety and antiviral efficacy of REP 2139-Ca used in combination with pegylated interferon alpha 
2a (peg-IFN) is being evaluated in 12 Caucasian patients with chronic HBV / HDV co-infection (REP 
301 protocol, NCT02233075).  
  
Methods: Patients received REP 2139 once weekly for 15 weeks as 500mg REP 2139-Ca (calcium 
chelate complex) by 2h IV infusion, followed by combined therapy for 15 weeks with dose reduction to 
250mg REP 2139-Ca with peg-IFN (180ug SC qW). Patients then transitioned to 33 weeks of peg-IFN 
monotherapy (180ug SC qW). HDV RNA, HBV DNA, HBsAg and anti-HBsAg antibody (anti-HBs) are 
monitored using Robogene RT-PCR, Abbott RealTime HBV and Abbott Architect platforms. HDV RNA 
results were validated in two independent test labs.  
  
Results: In the presence of REP 2139-Ca alone, serum HBsAg reductions were > 5 logs in 6 patients 
(all < 1 IU / ml), ~3 logs in three patients and ~0.5 – 1.5 logs in three patients. The addition of peg-IFN 
resulted in continual decreases of serum HBsAg in 9/12 patients, resulting in 5 patients achieving 
HBsAg loss (target not detected). After removal of REP 2139-Ca, serum HBsAg rebounded only in 
patients not achieving serum HBsAg < 10 IU / ml. Serum HDV RNA reductions were robust in all 
patients and became undetectable in 10 / 12 patients and was maintained after removal of REP 2139-
Ca. Rapid and robust elevations of serum anti-HBs titers (389 – 15,408 mIU/ml) and liver flares were 
only observed at the onset of peg-IFN exposure in patients with serum HBsAg < 1 IU / ml with anti-
HBs persisting in these patients after removal of REP 2139-Ca.  
  
Conclusions: REP 2139-Ca can achieve rapid reductions in serum HBsAg and HDV RNA in 
Caucasian patients with HBV/HDV co-infection, however the differential kinetics of serum HBsAg and 
HDV RNA suggest a distinct and additional antiviral effect of REP 2139-Ca against HDV infection. 
Reductions in serum HBsAg < 1 IU / ml may be associated with improved effect of immunotherapy, 
illustrating the potential of REP 2139-Ca based combination therapy for the treatment of chronic HBV / 
HDV co-infection. 
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Sorangium cellulosum is a soil-dwelling myxobacterium and a valuable producer of natural products. 
The production of secondary metabolites varies widely among strains of S. cellulosum, yet the genetic 
basis for this variation is little understood. To explore the genomic diversity of S. cellulosum, we re-
sequenced the genomes from 80 isolates from the myxobacteria strain collection at HZI. These 
isolates had been collected on four continents over 20 years.  
  
Short-read sequencing data were subjected to both, de-novo assembly and alignment to fully closed 
genome sequences from related reference strains [1-3]. Our analyses revealed a very large 
phylogenetic diversity among S. cellulosum isolates, and inter-genomic distances suggested a need 
for taxonomic revision. Population genetic analyses indicated a limited extent of homologous genetic 
recombination and frequent horizontal gene transfer. Gene content was highly variable even within 
phylogenetic lineages and particularly pronounced in biosynthetic gene clusters. We investigated the 
molecular mechanisms that have generated this diversity together with their temporal dynamics. In 
addition, we established the level of phylogenetic relatedness at which strains shared their 
biosynthetic gene clusters, to guide and facilitate the discovery of novel bioactive compounds. 
Furthermore, our dataset provided insights into the geographic distribution of S. cellulosum genomic 
diversity.  
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It is well known that the metabolic repertoire of microorganisms can be versatilely adapted to different 
stressful or competitional situations. Structurally related mixtures of excreted compounds may lead to 
a certain advantage for the producer; like preventing resistance formation. (1) The structurally related 
β-lactams and β-lactamase inhibitors represent a striking example of an effective synergistic 
compound combination that evolved naturally to prevent drug resistance and that is essential in 
human antibiotic therapy. (2)  
In this project, the marine-derived fungus Dichotomomyces cejpii is being investigated for the 
synergistic activity of its secondary products towards microbial pathogens. The chemistry of D. cejpii 
was already well researched in our laboratory and resulted in the isolation of at least six active 
compounds against Gram positive bacteria. (4-5) One weak antimicrobial compound was xanthocillin 
monomethylether (XMME). XMME used in combination with ertapenem (4 µg/ml), revealed an 
extraordinary synergism, resensitizing MRSA strain COL, resulting in a MIC value of <0.001 µg/ml.  
Subsequently, experiments were performed towards E. coli (strain DSM 498). The D. cejpii extract 
(devoid of XMME) has an MIC of 250 µg/ml. If XMME (15.6 µg/ml) is added to this extract, a clear 
synergistic effect can be seen, the MIC of the mixture becomes 2 µg/ml, with a 125-fold reduction in 
MIC. Additionally, a coculturing experiment of D. cejpii and E.coli with subsequent molecular 
networking (3) resulted in increased production and diversity of xanthocillins and also in changes in 
the fungal growth pattern.  
The project aims to elucidate the biological background for this interaction. Furthermore, genome 
sequencing of D. cejpii will provide insights into the full biosynthetic potential of the organism and will 
allow us to conduct transcriptomics-based studies on the expression of biosynthetic pathways under 
various stress situations.  
  
1. Gershenzon, J., Dudareva, N. 2007. The function of terpene natural products in the natural world. 
Nat Chem Biol, 3(7), 408-14.  
2. Challis, G.L., Hopwood, D.A. 2003. Synergy and contingency as driving forces for the evolution of 
multiple secondary metab-olite production by Streptomyces species, Proc Natl Acad Sci U S A, 100, 
14555-14561.  
3. Wang, M. Dorrestein, P.D., Bandeira N. et al. 2016. Sharing and community curation of mass 
spectrometry data with Global Natural Products Social Molecular Networking, Nat Biotechnol, 34(8), 
828-37  
4. Harms, H., König, G.M., Diederich, M. et al. 2015. Epipolythio-diketopiperazines form the marine-
derived fungus Dichotomomyces cejpij with NF-kB inhibitory potential, Marine Drugs, 13, 4949-66.  
5. Harms, H., König, G.M., Müller, C.E. et al. 2014. Indoloditerpenes from a marine.derived fungal 
strain of Dichotomomyces cejpii with antagonistic activity at GPR18 and cannabinoid receptors, J. Nat. 
Prod, 77, 673-7. 
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Antibiotic Resistant Target Seeker (ARTS): A multi-factor approach for detecting novel 
antibiotic resistant targets 
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Bacteria remain a major source of antibiotic discovery and with the large amount of sequencing data 
available there has been a surge in natural product research probing the untapped genetic potential of 
this reservoir. Traditional genome mining relies on searching for homology to known Biosynthetic 
Gene Clusters (BGC) and has proven to be a useful tool for discovery. In contrast to searching for the 
producing cluster itself, a recent approach is to search for antibiotic targets as a means to uncover the 
BGCs responsible for antibiotic production. This target directed mining approach is based on the 
concept that production of an antibiotic usually accompanies expression of a resistance mechanism to 
avoid suicide. The Antibiotic Resistant Target Seeker (ARTS) aims to automate and integrate this 
process into a single web application. In addition to screening known models of resistance, criteria 
such as abnormal duplication, evidence of horizontal gene transfer, and proximity to predicted BGCs 
are used to uncover essential genes that are potentially involved in resistance. A comparative core 
gene method is used to identify essential genes using a set of reference genomes from the same 
order as the query organism. Proximity to BGC is determined using the results from Antismash 
predicted gene clusters and duplication is scored based on deviation from the reference set. 
Phylogenetic comparison is then automated by adding sequences to their pre-aligned reference 
counterparts and building maximum likelihood species and gene trees. Transfers are inferred by tree 
reconciliation of each gene tree, while accounting for duplication and loss. The end result is a priority 
list used to help in large-scale target directed genome mining that can facilitate the discovery of novel 
antibiotic resistant targets. Preliminary results using a set of reference Actinomycetales shows some 
positive examples of known resistant targets share these criteria and are highlighted in the essential 
gene list by the pipeline. 
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Novel antibiotics with unprecedented mechanisms of action are urgently needed to overcome rising 
resistance. Analysis of the mechanism of action of an antibiotic and identification of the molecular 
target are integral components of the drug development process. Without this detailed knowledge, 
rational drug design is strongly hampered.  
We built up a comprehensive mode of action (MoA) platform, combining whole cell screenings and a 
biochemical platform that allows rapid identification of antibiotic mechanisms and targets on all cellular 
levels. Initial screenings of compound and extract libraries in whole-cell based assays identify 
biologically active compounds and provide first indications of the metabolic pathway affected.  
Selective bioreporters have been generated for specific target pathway identification. “SmartScreens”, 
such as the antisense (AS) RNA technology, provide intrinsic information on the target structure. AS 
RNA mediated gene depletion confers selective antibiotic hypersensitivity by lowering the cellular pool 
of the cognate protein target. A biochemical analysis platform comprising more than 60 individual in 
vitro assays further allows for the identification and characterization of a specific target on the 
molecular level.  
We validated our system using the natural product library from Tübingen. Here we present recent data 
obtained from screening the extracts of diverse producer strains and promising initial results for a cell 
wall active compound. 
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Chelocardin (CHD) is an atypical tetracycline, produced by actinomycete Amycolatopsis sulphurea. It 
has shown promising results in a small phase II clinical study on patients with urinary tract infections 
caused by Gram-negative pathogens in 1977 (1). However, at that time CHD was not developed 
further. Nowadays, with the threat of rapidly spreading antibiotic resistance among clinically relevant 
pathogens, CHD is gaining our interest again. It has an advantage of having a well-known and proven 
effective tetracyclic scaffold, but at the same time it is active against tetracycline-resistant pathogens. 
It was shown to exhibit a different mode of action than typical tetracyclines (2,3); however, the exact 
molecular target was not discovered yet. In vitro resistance development in Klebisella pneumoniae 
revealed deletions in a gene encoding a multidrug-resistance regulator, probably enabling increased 
efflux of the antibiotic, which is also the only mechanism identified so far to confer resistance against 
CHD in the producer strain. One of the first new CHD analogues, generated by genetic engineering, 2-
carboxyamido-2-deacetyl-chelocardin (CDCHD) (4), has shown promising antimicrobial activity on a 
collection of well characterized multidrug-resistant clinical isolates and was chosen to be developed 
further by means of medicinal chemistry. Further modifications of the CHD molecule, targeting C4-
amino group, either by genetic engineering of the producer strain or semisynthetic derivatization of 
CDCHD, have led to decreased activity against Gram-negative pathogens, indicating at the 
importance of this unique C4-amino group. The goal of further semisynthetic optimization on other 
positions is to widen the antibacterial spectrum (in particular Pseudomonas aeruginosa) and to 
generate new derivatives with improved pharmaceutical properties. The in vivo evaluation of CHD and 
CDCHD is currently ongoing.  
  
(1) V. Molnar et al., Lij. vjes. 1977, 99, 560-562.  
(2) B. Rasmussen et al., Antimicrob. Agents Chemother. 1991, 35, 2306-2311.  
(3) J. J. Stepanek et al., Biochim Biophys Acta. 2016, 1864, 645-54.  
(4) U. Lešnik, T. Lukežič et al., Angew. Chem. Int. Ed. Engl. 2015, 54, 3937-3940. 
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Production process of protective, humanized, anti-Staphylococcus aureus antibody 
for clinical studies 
A. Klimka, O. Krut, M. Krönke 
Institute for Med. Microbiology, Immunology and Hygiene, University Hospital of Cologne, Germany 
 
Infections with methicillin-resistant strains (MRSA) Staphylococcus aureus represent an ever-growing 
threat in- and outside of hospitals. Therefore, the scientific community is challenged to search for new 
antibiotics and to develop alternative anti-infectives, like active and passive vaccines.  
We identified S. aureus cell wall-associated proteins as novel vaccine candidates and some of which 
provide protection in a sepsis mouse model. Monoclonal Antibodies (moabs) against protective 
proteins were generated by hybridoma technology. Attributed to their epitope-specific binding, several 
moabs demonstrated a protective effect in our mouse infection model after passive immunization. 
Three of these moabs targeting individual S. aureus proteins have been humanised (humab) and de-
immunized, still providing significant protection in our mouse model.  
The humab D3 against S. aureus cell wall-associated protoporphyrinogen oxidase will soon be 
produced under good manufacturing practice (GMP)-compliant conditions to enter First-in-Man clinical 
phase as passive vaccine for adjunctive treatment of S. aureus blood stream infections. This will be 
performed in cooperation with Fraunhofer Institut für Toxikologie und Experimentelle Medizin (ITEM), 
DZIF-Translational Project Management Office (TPMO), Zentrum für klinische Studien (ZKS) Köln and 
further contract research organizations and companies to be assigned. The production process of a 
monoclonal antibody as a drug substance and its final approval for clinical studies is accompanied and 
issued by the Paul Ehrlich Institute (PEI) as the regulatory institution. The presentation will give an 
overview of the requirements of such a production process and the necessary procedures to fulfil 
them, which are e.g. virus validation study, master cell bank generation, Standard of operation 
protocols, toxicity studies and formulation studies.  
A successful passive vaccine will be of valuable means to protect against multiresistant S. aureus, 
where antibiotic treatments fail. 
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Characterization of Staphylococcus aureus antigen-specific antibodies and the 
application of their epitope-peptides as vaccines against MRSA 
A. Nicolai, S. Mertins, F. Becker, O. Krut, M. Krönke, A. Klimka 
Institute for Med. Microbiology, Immunology and Hygiene, University Hospital of Cologne, Cologne, 
Germany 
 
A high incidence of antibiotic resistant Staphylococcus aureus strains requires continuous search for 
new antibiotic substances and the development of other concepts. One of which is the prophylactic 
treatment of risk patients with an active vaccine that not only provide a protective effect against the 
pathogen, but is also stable, low in production costs and highly efficient after a single vaccination.  
Based on a S. aureus proteome screen with S. aureus specific human antiserum we identified three 
anchorless cell wall-associated proteins as potential vaccine candidates [1]: Hp2160 is a hypothetical 
protein of unknown function with an esterase-like domain. Protoporphyrinogen oxidase (pOxi) is 
involved in heme-synthesis and triose phosphate isomerase (Triiso) is a glycolytic enzyme. These 
vaccine candidates provided protection in a sepsis mouse model [2], covered by our European patents 
[3] to be used as vaccines. Beside their cytoplasmic function, these proteins have additional 
`moonlight´ activities on the bacterial surface, as adhesins, invasins or plasminogen receptor and are 
so far unrecognized, highly conserved, pathogenicity factors.  
Furthermore, we generated murine monoclonal antibodies (moabs) against each of these target 
proteins, of which three demonstrated significant, epitope-specific protection against S. aureus 
infection. None of the moabs against the three S. aureus cell wall-associated proteins induce 
opsonophagocytosis. To further investigate the mode of action of these moabs, we performed 
adherence studies and showed, that purified recombinant pOxi binds to epithelial (HeLa) and 
endothelial cells (Huvec). By adding anti-pOxi moab the interaction of eukaryotic cells and pOxi is 
inhibited in a dose-dependent manner. GFP-labeleld S. aureus spiked with recombinant pOxi show an 
increased adherence to HeLa cells in FACS analysis, which can be reduced by the anti-pOxi moab. 
Taken together, these data support our hypothesis that pOxi is amongst others, an adhesion factor for 
S. aureus.  
We have identified the epitopes of these moAbs to be used as combined, polyepitope-peptide vaccine 
against S. aureus infection. Active Immunization with single and combined epitope-peptides leads to 
antigen-specific IgG titers and provides significant protection in our S. aureus infection model. In 
general, epitope-peptide vaccination will provide a safe, inexpensive and efficient measure for patients 
confronted with a high-risk of S. aureus infection.  
In cooperation with our DZIF-partners AG H. Büning (Hannover) und AG G. Sutter (Munich) we 
currently investigate the potential of our combined polyepitope-peptide by using AAV- and MVA-
particles as a vaccine delivery system.  
  
[1] Glowalla et al., Infect. & Immun. 2009, 77, 2719-29  
[2] Klimka et al., Scand. J. Immunol. 2015, 81, 219-97  
[3] EP1987836, EP2374466, EP2374467 
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Control of human cytomegalovirus infection by murine and human monocyte-derived 
dendritic cells 
B. Kasmapour1, U. Rand1, J. Holzki1, C. Sinzger2, L. Cicin-Sain1 

1Helmholtz Center for Infection Resreach, Braunschweig, Germany, 2Institut für Virologie, Universität 
Ulm, Ulm, Germany 
 
Cytomegalovirus (CMV) is a ubiquitous beta-herpesvirus whose reactivation from latency is a major 
cause of morbidity and mortality in immunocompromised hosts. We have recently reported that 
soluble antiviral factors secreted by murine bone marrow derived dendritic cells (mBM-DC) strongly 
inhibit mouse CMV (MCMV) replication. We show here that these compounds have an analogous 
effect on the human cytomegalovirus (HCMV), and act independently of interferon receptor signaling. 
Namely, the mBM-DC supernatant was able to reversibly block HCMV replication and spread in 
human fibroblasts, in epithelial cells, as well as in primary endothelial cells in a concentration-
dependent manner. Similarly, human dendritic cells derived from monocytes (mo-DCs) and co-
cultured with HCMV-infected human fibroblasts, as well as soluble compounds secreted into the 
supernatant by them, block HCMV replication and spread of infection in a concentration-dependent 
manner. The cross-species potency of these antiviral compounds suggests the presence of an 
evolutionary conserved mechanism that may be functionally identical in mice and men. This, together 
with the remarkable stability of the compounds, is an encouraging indicator for the discovery of a novel 
potent antiviral compound. We are currently working on identifying the active antiviral compounds and 
the mechanism and dynamics of their action during HCMV infection. 
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An aspirin derivate impairs replication of coronavirus and other respiratory viruses 
C. Müller, J. Ziebuhr, S. Pleschka 
Medizinische Virologie, Justus Liebig Universität, Gießen, Germany 
 
Coronaviruses (CoV) belong to the large family Coronaviridae within the order of Nidovirales. Among 
them several human pathogenic strains (HCoV) are known to cause respiratory and enteric diseases. 
While most strains contribute to common cold-like illnesses others lead to severe infections. Most 
prominent representatives are severe acute respiratory syndrome coronavirus (SARS-CoV) and 
Middle East respiratory syndrome coronavirus (MERS-CoV), which can lead to fatal infections with 
around 10 % and 39 % mortality, respectively. This resulted in 8098 casualties in the 2002/2003 
SARS-CoV outbreak and in 1446 human infections including 608 deaths (August 2016) during the 
recent ongoing MERS-CoV outbreak in Saudi Arabia. Momentarily patients receive treatments 
focusing rather on the symptoms connected to the disease then to address the virus as the cause. 
Therefore, additional treatment options are urgently needed that would ideally be widely available with 
a broad affectivity against different CoVs and respiratory viruses. Here we show that an aspirin 
derivate, which is an approved drug inter alia in the treatment of acute pain, migraine attack and fever, 
exerts an anti-viral effect against different CoV including highly-pathogenic MERS-CoV and other 
respiratory viruses in vitro. We demonstrate that aspirin (i) impairs coronaviral protein accumulation, 
(ii) reduces viral RNA synthesis and (iii) alters formation of viral replication/transcription complexes 
(RTCs) and concomitantly reduces virus titers. 
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Increasing Plasmodium immunogenicity during liver stage infection via nucleic acid 
based adjuvants to induce protective CTL immunity against Malaria 
A.M. Valencia Hernandez, W. Barchet 
Institute of Clinical Chemistry and Clinical Pharmacology, University Hospital, University of Bonn, 
Bonn, Germany 
 
With over 480.000 deaths each year, mostly of children, malaria remains a major scourge to public 
health worldwide. Intriguingly, the seemingly ideal preventative measure already exists, i.e. a vaccine 
established using small animal models that was recently shown to be protective in humans. 
Intravenous injections of live γ-irradiated plasmodium parasites (sporozoites) achieve sterilizing 
immunity mediated by cytotoxic T-cells, thus controlling the infection already during the initial liver 
stage. Unfortunately, obtaining the currently required amounts of sporozoites from mosquito salivary 
glands is too cumbersome for routine use in places where the vaccine is most needed. For this 
reason, alternative protocols aimed at increasing sporozoite immunogenicity during T-cell priming in 
lymphoid tissue, and subsequently during expansion and differentiation in the liver are warranted.  
  
We recently contributed to the discovery that in plasmodium infected hepatocytes the cytosolic 
helicase MDA-5 functions as a key immune receptor during liver stage infection. Moreover, we 
demonstrated that oxidative damage greatly increased cGAMP synthase (cGAS) and a STING 
mediated immune response to pathogen DNA. Based on these findings the group has developed 
novel agonists of the innate immune system for use as vaccine adjuvants.  
By modulating the attenuation protocol (e.g. oxidative, chemical and/or genetic modification of parasite 
DNA), as well as the vaccine adjuvants employed, we have now begun to study the identity and the 
maturation state of the myeloid cell type presenting sporozoite antigen during T-cell priming in 
lymphoid tissue, the immunogenicity of sporozite-induced hepatocyte cell death, and parasite antigen 
presentation by myeloid cells taking up the dying hepatocytes, and approaches of liver-targeted boost 
vaccine delivery to attract, expand and differentiate sporozoite antigen specific T cells. Given recent 
understanding that tissue-resident memory T cells (TRM) represent the first line on defence in many 
tissues, our goal will be to direct immunity towards their optimal formation.  
The long term goal is to extrapolate from these approaches a lymphoid tissue directed prime, and a 
liver APC targeting boost vaccination protocol as a proof-of-concept in mice that requires fewer 
sporozoites to achieve TRM mediated protective immunity against malaria. 
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Bipalindromic concatemerizing oligodeoxynucleotides (bpcODN) with modified 3’-
ends are potent agonists of the cytosolic DNA recognition pathway 
V. Boehnert, W. Barchet 
Institute of Clinical Chemistry and Clinical Pharmacology, University Hospital, University of Bonn, 
Bonn, Germany 
 
Activation of the innate nucleic acid receptor cGAMP synthase (cGAS) is essential to mounting the 
antiviral type I interferon (IFN) response to cytosolic DNA, making it a valuable target for therapeutic 
engagement via synthetic oligodeoxynucleotides (ODN).  
To this end, we designed bipalindromic concatemerizing ODN (bpcODN) that form double-stranded 
DNA (dsDNA) via tandem palindromes. Our data demonstrate that bpcODN are potent inducers of IFN 
via the cGAS and stimulator of interferon genes (STING) signaling pathway. While the ability to form 
DNA concatemers was strictly required, we observed that bpcODN activity was largely independent of 
sequence, in which is line with our previous structural and functional data. However, we found that 
modifications at the 3’ terminus including phosphothioates and 3’-monophosphorylation significantly 
boosted the immunostimulatory activity of bpcODN since it shielded bpcODN from degradation by 3’ 
repair exonuclease 1 (TREX1). Strikingly, mere 3’-phosphorylation was sufficient to impede TREX1 
binding to bpcODN and thus its degradation. Given that 3’-monophosphorylation is a frequent naturally 
occurring DNA modification, this may represent a novel mechanism to boost the IFN response within 
the host. Altogether, these data underscore the amenability of 3’ phosphorylated bpcODN for future 
development as vaccine adjuvant or as a therapeutic for acute and chronic viral infections. 
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A molecular pattern in RNA secondary structure promotes pathogen discrimination by 
Toll-like receptors 7 and 8 
T. Zillinger, W. Barchet 
Institute of Clinical Chemistry and Clinical Pharmacology, University Hospital, University of Bonn, 
Bonn, Germany 
 
Immunorecognition of viruses hinges on the detection of viral nucleic acids by germline encoded 
receptors at specific cellular locations. Human Toll like receptors (TLR) 7 and 8 are able to detect 
single stranded RNA in the endosome of distinct immune cells. While most stimulatory RNAs activate 
both TLR7 and TLR8, short Oligoribonucleotides (ORN), small molecules and viruses can show 
preferential engagement of either TLR7 or TLR8. A structural basis for this distinction is unknown.  
We investigate the immunostimulatory properties of natural, synthetic or enzymatically generated 
RNAs in different setups, including primary human and murine immune cells, transgenic cell lines and 
cell-free interaction assays.  
Here we identify RNA stems containing the non-canonical G·U base pair, a hallmark feature of RNA 
secondary structure, as potent and highly selective activators of TLR7. Stem structures containing this 
structure induced type I IFN in plasmacytoid dendritic cells (PDC), but did not activate TLR8 in 
monocytes. TLR7 selectivity was maintained even when TLR7 and TLR8 were expressed in the same 
cell type. We further provide evidence that recognition of viral and bacterial RNAs via TLR7 is 
mediated by G·U wobble base pairs in RNA secondary structure, rather than the linear sequence 
motifs required for the activation of TLR8. Of note, synthetic G·U ORN could closely mimic the distinct 
response induced by viral RNA.  
We identify a fundamental difference in the specificities of the endosomal RNA-sensors TLR7 and 
TLR8 that is linked to a defined structural motif, by which the immune system may differentiate 
between viral and bacterial infection. Furthermore, we present synthetic ligands based on these 
results that may be used to exploit these specificities for therapy. 
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