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Dear colleagues,
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it is now clear that international efforts to combat infectious agents need to be massively
strengthened to tackle infection-related health problems in those places that are most affected mostly in countries whose (health) infrastructures are facing major challenges. The alarming rise of
antibiotic resistance worldwide and the lack of new antimicrobials is now a major societal challenge
and threatens a throwback to the “pre-antibiotic era”. The further development of a Global Health
agenda is therefore of great importance.
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integrative overview of the Infectious Diseases research in Germany.
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Symposium I: Evolution and Control of Microbial Resistance
ST 1
Next generation sequencing reveals complex compositions of multidrug resistant
Mycobacterium tuberculosis complex cell populations obtained from MDR-TB
patients from Uzbekistan
V. Dreyer1, 2, M. Merker1, S. Niemann1, 2
1

Forschungszentrum Borstel, Molekulare und Experimentelle Mykobakteriologie, Borstel, Germany,
Deutsches Zentrum für Infektionsforschung, Zusammenschluss Hamburg-Lübeck-Borstel-Riems, Borstel,
Germany
2

Increasing numbers of multi- and extensively drug resistant (MDR/XDR) tuberculosis (TB) threaten global TB
control. Understanding drug resistance emergence and spread is key for development of sustainable therapies
and effective TB control measures. In our previous work, we observed the emergence of fluoroquinolone (FQ)
resistance during second line treatment in 18 out of 87 MDR-TB patients from Karakalpakstan, Uzbekistan1.
Classical genotyping indicated that four of 18 cases had a potential re-infection with another Mycobacterium
tuberculosis complex (Mtbc) strain during therapy, and one a mixed infection at baseline, while the remaining
13 patients had the same Mtbc strain over the course of therapy with emergence of additional resistance
mutations.
Methods
Here, we employed next generation sequencing (NGS) genome analysis to re-investigate the cause of
acquired FQ resistance in these 13 patients with a particular focus on low-frequency sub-populations. NGS
data were investigated with statistical methods such as the binomial test procedure and density clustering to
identify differences in allele frequencies suggestive for either infection with more than one strain or resistance
development of clonal sub-populations.
Results
NGS analysis of three to five serial isolates per patient (n = 53), revealed a complex composition of Mtbc
populations with 23 (43.4%) isolates showing low-frequency sub-populations at least at one time point during
the cause of treatment. Indeed, nine out of the 13 patients were infected with different strains during treatment,
however, with a very similar variant of a dominant MDR outbreak strain not distinguishable by classical Mtbc
genotypic techniques. Out of these, 7 had a treatment failure or died during the study period.
Conclusion
In conclusion, our data suggest that mixed infections with at least two different MDR Mtbc strains are more
frequent than previously expected and a major cause of treatment failure in the study region. Due to the
prevalence of highly clonal MDR-outbreak strains, NGS-based strain discrimination and resistance allele
detection at low frequencies is crucial to accurately distinguish exogenous re-infection from treatment failure
by resistance selection.

1. Cox, H. S. et al. Emergence of Extensive Drug Resistance during Treatment for Multidrug-Resistant
Tuberculosis. N. Engl. J. Med. 359, 2398–2400 (2008).
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A multicenter metagenomics cohort study reveals several additional players
impacting the microbiome, resistome and plasmidome under antibiotic treatment
M. Willmann1, M. Vehreschild2, L. Biehl2, W. Vogel3, D. Dörfel3, A. Hamprecht4, H. Seifert4, I. Autenrieth1, S.
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Background:
Antimicrobial selection pressure can vary for distinct antibiotics, but this phenomenon has not been sufficiently
quantified until today. However, a deeper understanding in this regard could improve antimicrobial stewardship
programs significantly by guiding clinicians to preferably select antibiotics with a low impact on the gut
resistome.
Materials/methods:
In the ASARI study (amplification and selection of antimicrobial resistance in the human intestine), we used
shotgun metagenomics for gut microbiome and resistome classification and quantified the antimicrobial
selection pressure using a novel analysis algorithm in two cohorts of hematological patients (n = 41) receiving
either ciprofloxacin or cotrimoxazole prophylaxis.
Results:
Both antibiotics reduced phylum and species diversity, but the effect was stronger for ciprofloxacin. However,
after adjustment for the different cumulative dosage, we observed a similar destructive impact on the
microbiome. The effect also depended on the baseline species diversity. With a high diversity before treatment
we observed a higher chance of a microbiome diversity reduction under treatment. Both drugs also led to
different alterations of the gut resistome regarding various antibiotic resistance gene (ARG) classes. For
instance, on cotrimoxazole treatment a 148% rise in sulfonamide ARGs per administered defined daily dose
(DDD) was noted, while on ciprofloxacin a drop of 5% per DDD was observed (p < 0.0001). Nevertheless,
antibiotic treatment was not the only factor with a strong impact on the resistome. Resistome alterations were
furthermore determined by patient factors, for instance the individual baseline microbiome and resistome, and
the liver/kidney function. Of note, concurrent medication significantly influenced gut resistome composition,
especially virostatic agents. We also investigated the genomic location of ARGs. Plasmid diversity based on
the Shannon index decreased on both antibiotics, while the total abundance of plasmids originated from
Proteobacteria only decreased on ciprofloxacin (p = 0.002) and not on cotrimoxazole (p = 0.86). ARGharboring plasmids from Proteobacteria - a phylum that includes relevant human pathogens - experienced a
massive plasmid abundance increase on cotrimoxazole but not on ciprofloxacin, most likely due to the
selection of sul resistance genes that are regularly located on plasmids with other resistance determinants.
Conclusions: The impact of antibiotics on a patient’s gut microbiome, resistome and plasmidome is highly
individual. Our study shows that prediction of such an antibiotic effect is possible but will need to be performed
on an individual patient level by taking many contributing factors into account. We also found that
cotrimoxazole might contribute stronger to the spread of antimicrobial resistance due to an increase in ARGcarrying plasmids.
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Introduction
The emergence of vancomycin-resistant Enterococcus faecium (VREfm) is an important public health problem,
creating an urgent need to strengthen surveillance. The aim of this study was to investigate the molecular
epidemiology of VREfm isolates from patients on hospital admission and those causing bacteremia, using
vancomycin-susceptible Enterococcus faecium (VSEfm) as a control group.
Material and methods
Adult patients were screened upon hospital admission in 2016 and 2017 for rectal colonization of VREfm at 6
German tertiary care university hospitals using chromID VRE (bioMérieux). Additionally, over the same timeperiod isolates from patients with VREfm and VSEfm bloodstream infections (BSI) at these 6 tertiary care
hospitals were studied, with patients with VSEfm BSI serving as controls. Antimicrobial susceptibility testing
for linezolid, teicoplanin and vancomycin was conducted using Vitek2 and Etest. Sequencing libraries were
created using Nextera XT kit for a 250bp paired-end and whole genome sequencing was performed on a
MiSeq. Core-genome MLST (cgMLST) (Ridom® SeqSphere+), 7-loci MLST, and Van-type were determined.
Results
Out of a total 5846 screened patients, 100 VREfm isolates were identified, accounting for a prevalence of
1.7%. Of those, 77 harboured the vanB and 22 isolates the vanA operon, whereas one VREfm encoded vanA
and vanB. 7-loci MLST- and cgMLST-typing revealed that the sequence type (ST) 117 (n=61) was the
predominant clone, forming a large multi-center complex of closely related isolates which included isolates
from all 6 study centers. ST80 (n=22) formed individual study-center transmission clusters, with no clonal
relationship between the centers. Similar clustering patterns were observed for ST78 (n=9), forming small
VREfm clusters in two centers while a ST17 (n=3) cluster was detected at one center. A total of 79 VREfm
bloodstream isolates were recovered, and ST117 (n=51) was also the most prevalent ST, forming a large
multi-center complex expanding over all study centers, followed by ST203 (n=12) and ST80 (n=9) forming
small transmission clusters. In total, 48 VREfm bloodstream isolates harboured the vanB, 30 the vanA, and
one had both the vanA and vanB operon. Additionally, one VREfm colonizing isolate and three VREfm
bloodstream isolates were linezolid-non-susceptible. A total of 25 VSEfm bloodstream isolates were included
as controls. Here ST117 (n=5), ST78 (n=5), ST17 (n=4) and ST262 (n=3) were the most prevalent STs forming
small transmission clusters.
Conclusions
These data demonstrate that ST117 was the predominant VREfm clone colonizing patients on admission but
also among patients with VREfm BSI. These isolates form a large VREfm multi-center cluster expanding in
each of the 6 study centers. The present multi-center study provides epidemiological data about VREfm
colonization in Germany and may contribute to more effective infection control and treatment interventions.
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Background:

Pseudomonas (P.) aeruginosa is an important opportunistic pathogen, involved in hospital-acquired infections,
with high mortality rates and trends towards increases antimicrobial resistance are particularly worrisome. P.
aeruginosa can be encountered frequently in various environments, including the hospital water system and
sanitary fittings. However, the role of water-contact and contamination of patient-related water environments
has not been systematically addressed to date. Therefore, the EP-TRAP study was initiated to determine the
impact of contaminated sinks, toilets and water basins on the colonization of high-risk hemato-oncology
patients with P. aeruginosa.
Materials/methods:
Rectal screening of hemato-oncology patients was performed weekly over a period of 10 months. In addition,
water samples were obtained from all patient rooms of three wards every fortnight. In total, we identified 52
patients that became colonized during their hospital stay. These isolates and the corresponding environment
isolates obtained from the respective patient rooms (n=239) were subjected to whole-genome sequencing.
Results:
Phylogenetic analysis revealed 27 distinct cluster and 24 singletons. Overall, patient and environment derived
samples were present in 12 clusters, while 11 cluster contained environment isolates only, and 4 clusters only
comprised human derived P. aeruginosa isolates. In total, clustering of 24 (46.2 %) patient isolates with one
or more environmental isolate was detected. By the combination of room occupancy data and sequence data,
we identified 6 instances (11.5%), in which transmission from the environment to the patient had most likely
occurred. Interestingly, three of these isolates originated from one cluster, while the other three isolates
belonged to three different clusters. Worrisome, four of these six isolates (66.7 %) harboured a
carbapenemase genes blaIMP-8 (n=3) and blaVIM-2 (n=1) and showed a multi-drug resistant phenotype.
Conclusions:
In our study, only few potential transmission events were detected. However, particularly worrisome, in the
majority of cases with suspected transmission, a metallo-betalactamase gene was present in the isolates.
Currently, an extended data-set comprising more than 100 patients and 480 environment samples is being
analyzed in more detail to determine transmission events and genetic factors influencing transmission.
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URPOCT – Rapid Point of Care Detection, Quantification and Sensitivity Testing of
Uropathogenic Bacteria
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The spread of antibiotic resistance limits therapeutic options, and drives physicians to prescribe broad
spectrum antibiotics. At patient presentation the lack of evidence-based diagnostic data makes it a choice of
either a narrow spectrum antibiotic (with the risk of insufficient treatment) or broad spectrum antibiotics (with
the risk of further escalating bacterial antibiotic resistance). A huge amount of antibiotics, especially in the
ambulant setting, is being prescribed for urinary tract infections. Urological patients are especially at risk, when
urological interventions lacerate urothelial tissue and expose it to bacterial invasion. This is why patients are
screened for urinary pathogens prior to such procedures, and if they harbor bacteria in the urine, receive
antibiotics for infection prophylaxis. Due to high resistance rates within the common uropathogenic bacteria,
empirical treatment is not recommended, and targeted therapy should be preferred. The current gold standard,
urine culture with antibiotic sensitivity testing, however, takes at least 48 hours, puts patients who require
immediate interventions at risk, as well as duress and increases economic loss due to postponed surgeries.
Thus, there is a need for an alternative diagnostic method which can detect bacteria in urine, and determine
antibiotic resistance, rapidly.
Using contemporary genome-based data we have designed a tailor-made screening panel for the Genie 2
system (Amplex), which uses LAMP technology. The panel can detect 7 classical uropathogenic bacteria
(E.coli, Klebsiella spp., Enterobacter cloacae, Proteus mirabilis, Enterococcus faecalis and E. faecium and
Pseudomonas aeruginosa) within 30 minutes. Since urine is commonly not sterile, bacterial loads need to be
considered when deciding on therapeutic needs. Our method allows an estimate of the amount of bacteria
present in urine, as the time-to-positivity of the LAMP reaction correlates with the number of colony-forming
units (CFU) in the urine samples. Also, for the most common pathogen, E.coli, we have designed a second
panel that determines the isolate’s resistance against commonly used antibiotics (ampicillin/sulbactam,
trimethoprim/sulfamethoxazole, ciprofloxacin, cefotaxime).
We tested our URPOCT method on routinely obtained urine samples from patients of the urology department,
and found that we could detect all of the targeted uropathogens with excellent sensitivity and good specificity.
We also could reliably estimate bacterial loads to indicate as to whether significant bacteriuria was present.
Lastly, our molecular panel of E.coli antibiotic resistance genes would support safe use of narrow spectrum
antibiotics.
Our approach allows informed decisions for antibiotic stewardship and rationalize first line antibiotic use at
both point of care/impact and at time of presentation.
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Orthotopic replacement of T-cell receptor α- and β-chains enables engineering of T
cells with preservation of near-physiological function for treatment of chemoresistant
herpesviridae infections
K. Schober1, T. Müller1, 2, D. Busch1, 2
1

Institut für med. Mikrobiologie, Immunologie und Hygiene, TU München, München, Germany, 2German Center
for Infection Research (DZIF), parter site Munich, Munich, Germany

The transfer of unedited, physiological T cells has been highly effective especially for treatment and prevention
of Cytomegalovirus (CMV) infection after hematopoietic stem cell (HSC) transplantation. A special high-risk
group for CMV infection are CMV-seropositive recipients receiving HSCs from CMV-seronegative donors. In
these patients, post-transplant immunosuppression can lead to often life-threatening CMV re-activation without
the support of the recipient's formerly replaced adaptive immunity. CMV-specific T cells from third-party donors
are usually rejected unless there is considerable HLA matching. TCR engineered T cells would enable
treatment in most clinical constellations with highly defined cell products, and therefore broaden the
applicability of adoptive cell therapy. However, therapeutic TCR engineering has remained challenging. TCRs
are complex heterodimeric receptors and competition and mispairing between endogenous and transgenic
receptors can occur. Moreover, conventional TCR introduction does not support TCR fine regulation as known
for physiological T cells. Advanced genomic engineering tools now allow elimination of endogenous TCR
chains and even introduction of TCRs into endogenous TCR genes. Here we engineered human T cells using
CRISPR-Cas9 to delineate the consequences of endogenous TCR elimination and orthotopic TCR placement
(OTR). We validated non-viral CRISPR-Cas9-mediated knock-in with five different TCRs and compared this
technology to conventional TCR engineering strategies. We found that, while transgenic TCRs placed in the
endogenous TCR ɑ chain are functional, single-chain editing still results in significant mispairing. However,
simultaneous editing of α and β chains overcomes this problem and, combined with orthotopic TCR placement,
enables T cell engineering with accurate pairing and TCR regulation close to physiological T cells. OTR T cells
may therefore provide the missing link between the therapeutic efficacy of natural T cells, and the flexilibity
advantages of cell engineering, in order to enable broadly applicable T cell therapy for chemoresistant
herpesviridae infections of immunocompromised patients.
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Doramapimod treatment retards granuloma formation and improves antibiotic
activity in Mycobacterium tuberculosis-infected mice
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The emergence of drug resistant Mycobacterium tuberculosis (Mtb) strains remains a public health crisis and
has intensified research efforts to develop new therapeutic approaches, like host directed therapies (HDT).
Mtb strongly influences gene expression and cell-signaling in infected cells, providing targets for hostmodulating therapies. Recently, we have shown that host cell infection with Mtb leads to p38 mitogen-activated
protein kinase (MAPK) phosphorylation which activates programmed necrotic host cell death. Treatment of
infected macrophages with clinically tested p38 MAPK inhibitors such as doramapimod led to increased cell
survival and impaired release of alarmins such as such HMGB1. Similar effects were seen after p38 MAPK
knockdown in infected macrophages (Gräb et al. Nature communications, 2019; oral presentation Keystone
meeting 2019).
We now provide first in vivo data showing that treatment of Mtb infected mice with doramapimod results in
significantly ameliorated lung pathology with strongly decreased inflammation and granuloma formation in
acute as well as chronic models of experimental tuberculosis (TB). In addition, doramapimod together with a
standard antibiotic treatment significantly reduced mycobacterial growth in lungs and spleen compared to
antibiotic treatment alone. We also provide first data on safety of p38 MAPK inhibition which is of relevance
for future application of these substances in inflammatory diseases and concomitant TB.
Because recent histopathological investigations of human biopsies revealed p38 MAPK phosphorylation in
macrophages surrounding lung granulomas in TB patients and several p38 MAPK inhibitors are currently being
tested in clinical trials for autoimmune diseases, our data suggest excellent opportunities for repurposing of
p38 MAPK inhibitors for a host directed therapy in TB.
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Background
Current combination antiretroviral therapy (cART) rapidly suppresses HIV replication but cannot cure HIV
infection, because cART does not target the integrated proviral DNA (i.e. the provirus). Thus, rebound viremia
is readily observed when medication is stopped. Furthermore, lifelong therapy is associated with potential longterm toxicity, adherence problems, and drug resistance. Moreover, a substantial number of patients on cART
still exhibit systemic chronic immune activation and, thus, dysregulated immune function, which possibly leads
to cardio-vascular disease and other inflammation-triggered conditions. Thus, novel curative treatment
strategies preferably target the integrated proviral DNA by genome editing.
Method
In vitro engineered Brec1 recombinase excises the provirus of most HIV-1 strains and subtypes with high
specificity. Elaborate non-clinical studies demonstrated that Brec1 acts precisely without apparent cytopathic,
cytotoxic or genotoxic effects. Moreover, Brec1 activity results in pronounced antiviral effects in vitro and in
vivo.
Results
The completion of Brec1 preclinical analyses allowed successful funding of a first-in-human Brec1 gene
therapy trial. Here, HIV-infected lymphoma patients undergoing R-CHOP therapy will additionally be treated
by autologous transfer of genetically modified CD34+ hematopoietic stem cells (HSC) harbouring Brec1. Upon
HSC engraftment, the patient’s hemato-lymphoid system will be continuously supplied with cells that are HIV1 resistant by precisely excising the proviral DNA. The expected study outcome includes safety of transfusion
of gene-modified HSC, detection of gene-modified peripheral blood cells, and, in selected cases, antiviral
effects due to provirus excision.
Conclusion
Brec1 recombinase represents a potent antiviral reagent with clinical application in the context of future
curative HIV-1 therapy strategies.
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Many diseases require to introduce genes of interest into cells to reconstitute missing or defective factors and
restore certain cellular functions. Currently, gene therapy approaches with lenti-, adeno- and adeno-associated
viral (AAV) vectors are preferred for gene transfer. This approach has clear advantages, such as long-term
gene expression after single administration or tissue-specific delivery enabled by the tropism of the viral capsid,
but there are safety concerns which complicate clinical translation. These include the risk of carcinogenesis
arising from integration, immune responses against viral vector components or negative effects of long-term
gene expression. A promising approach to overcome these caveats is the transfection of in vitro transcribed
(IVT) messenger RNA (mRNA) that is transiently expressed in targeted cells or tissue and can be repeatedly
applied if needed. RNA-based therapies do not require viral components and avoid the risk of unspecific
integration into the genome and potential consequences of long-term gene expression.
A particularly interesting application is a Clustered Regularly Interspaced Short Palindromic Repeat/CRISPR
associated protein 9 (CRISPR/Cas9)-based targeting of intracellular pathogens that only requires a short-term
expression of Cas9 and a small guide (sg)RNA. We therefore developed a CRISPR approach based on in
vitro transcribed mRNA to combat persistence of the hepatitis B virus (HBV) in chronic hepatitis B by targeting
the episomal covalently closed circular DNA (cccDNA) or host factors involved in the viral life cycle.
In differentiated HepG2-NTCP or HepaRG cells and in primary human hepatocytes, Cas9 mRNA transfection
efficiencies were up to > 80 % with high cell viability (>95 %). Introduction of modified nucleotides (Pseudo(Ψ)UTP, 5mCTP) significantly increased cell viability, protein expression and functionality. Targeting the
integrated HBV genome by HBV-specific sgRNAs in HepG2.2.15 and HepG2-H1.3 cells mediated a significant
reduction in HBe antigen and total HBV DNA expression 5 days after transfection of Streptococcus pyogenes
(Sp)Cas9 mRNA/sgRNA. Targeting an episomal pEpi-H1.3 plasmid in HepG2 and HBV cccDNA in infected
HepG2-NTCP cells showed reduced effects on viral parameters indicating less efficient CRISPR/Cas9
targeting of episomal structures. These results were confirmed by application of an AAV-based
CRISPR/Staphylococcus aureus (Sa)Cas9 system showing reduced efficiency on HBeAg and pgRNA levels
in HBV-infected HepG2-NTCP as compared to integrated HBV in HepG2.2.15 cells. We hereby show that (i)
an RNA-based CRISPR/Cas9 system is as efficient as a vector-based system and (ii) that independent of the
delivery method and expression time, targeting episomal structures results in reduced genome editing
efficiency.
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Pseudomonas aeruginosa (PA) can cause severe chronic lung infections in patients suffering from cystic
fibrosis or bronchiectasis. This opportunistic, ubiquitous gram-negative bacterium is able to switch to the biofilm
mode of life, which serves as a physical barrier to survive antibiotic treatment and host immune defense. In
addition, PA develops high resistance towards antibiotics resulting in maintenance of chronic infections and
high mortality of infected patients. The Pseudomonas Quinolone Signal (PQS) quorum sensing (QS) system
is essential for bacterial virulence and biofilm formation rendering it a suitable drug target to block PA`s
pathogenicity.[1]
Using a fragment-based medicinal chemistry approach we have identified small molecule inverse agonists of
the PqsR (MvfR) receptor.[2] Growth-vector identification and exploration yielded optimized compounds
obeying a demanding target lead profile. We were able to demonstrate virulence attenuating properties
including the following endpoints: reduction in pyocyanin, reduction in PQS autoinducer molecule levels,
reduction in PA elastase activity, reduction in lectin expression, reduced biofilm integrity and eDNA content,
as well as a synergistic effect with tobramycin in eradicating bacterial biofilms. Assay-dependent IC50 values
ranged from 0.05 to 0.5 µM. Advanced compounds were taken into mouse PK studies via the intratracheal
administration route with a view to further optimize pulmonary exposure and retention. Using a mucoid PA
clinical isolate, short-term respiratory infection experiments in mice revealed potent on-target effect. Notably,
our QS inhibitors do not affect bacterial viability. Hence, only low rates of resistance development can be
expected, while the pathogen-specific appraoch offers the advantage to preserve the commensal microbiota.
Currently, lead optimization is pursued guided by a stringent target candidate profile.
References
[1] S. Wagner, R. Sommer, S. Hinsberger, C. Lu, R. W. Hartmann, M. Empting, A. Titz, J. Med. Chem. 2016,
59, 5929.
[2] M. Zender, T. Klein, C. Henn, B. Kirsch, C.K. Maurer, D. Kail, C. Ritter, O. Dolezal, A. Steinbach, R.W.
Hartmann RW., J Med Chem. 2013, 56, 6761-74.
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Novel highly potent CD4bs bNAb with restricted pathway to HIV-1 escape
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Purpose:
Broadly HIV-1 neutralizing antibodies (bNAbs) can suppress viremia in humans and represent a novel
approach for effective immunotherapy. However, bNAb monotherapy selects for antibody-resistant viral
variants. Thus, we focused on the identification of new antibody combinations and/or novel bNAbs that restrict
pathways of HIV-1 escape.
Methods:
We screened IgG of HIV-1 positive patients for its neutralizing activity. Following we used PBMCs of identified
elite neutralizers for single cell sorting and PCR of HIV-1env-reactive mature b cells. Found antibodies were
tested for neutralization and binding capacities in vitro. Further, their antiviral activity was tested in an HIV-1
infected humanized mouse model.
Results:
Here we report the isolation of antibody 1-18, a VH1-46-encoded CD4 binding site (CD4bs) bNAb, identified in
an individual ranking among the top 1% neutralizers of 2,274 HIV-1-infected subjects. Tested on a 119-virus
panel, 1-18 showed to be exceptionally broad and potent with a coverage of 97% and a mean IC50 of 0.048
µg/ml, exceeding the activity of most potent CD4bs bNAbs described to-date. A 2.5 Å cryo-EM structure of 118 bound to a native-like Env trimer revealed that it interacts with HIV-1 env similar to other CD4bs bNAbs but
includes additional contacts to the V3 loop of the adjacent protomer. In vitro, 1-18 maintained activity against
viruses carrying mutations associated with escape from VRC01-class bNABs. Moreover, mutational antigenic
profiling uncovered limited pathways of HIV-1 escape. Consistently and highly remarkable, 1-18 monotherapy
completely suppressed viremia in HIV-1-infected humanized mice without selecting for resistant viral variants.
Conclusion:
1-18 is a highly potent and broad bNAb that restricts pathways of HIV-1 escape and provides a new option to
effectively prevent and treat HIV-1 infection.
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Ebola virus disease (EVD) is a severe and often fatal illness in humans characterized by multi-organ failure
and dysfunctional immune cell responses. There are currently no approved or licensed vaccines or therapies
against EVD (Cross et al., 2018). There is, therefore, an urgent need to develop EVD-specific medical
countermeasures, both prophylactic and post-exposure.
Vaccines that induce potent cellular immunity are highly desirable in the context of EVD due to the importance
of T cells, especially CD8+ T cells, in viral clearance (Ruibal et al., 2016). In this regard, various strategies can
be employed with the ultimate goal of inducing EBOV specific T cells.
One approach that can be used to generate EBOV specific T cells is the specific delivery of virus antigens to
dendritic cells (DCs). By doing so, antigens are targeted to the immune cell subset responsible for priming of
naïve T cells, thereby bridging innate and adaptive immunity.
We conjugated the EBOV nucleoprotein (NP) to a monoclonal antibody specific for CD205; a C-type lectin
endocytic receptor found on DCs. Antigen taken up via this receptor is cross-presented to CD8+T cells, which
are important in viral clearance. Our preliminary data show the feasibility of using anti-CD205 antibodies to
deliver EBOV NP to DCs. Targeted DCs were able to activate EBOV specific CD8+ T cells in vitro and in vivo.
Ongoing experiments include the evaluation of protection exerted by these DC-based vaccines against virus
challenge.
In addition to DC targeting, we will show preliminary data regarding the use of chimeric antigen receptor Tcells (CAR T-cell) for post-exposure EVD therapy. In particular, we will focus on the development and testing
of T cells harbouring chimeric anti-EBOV glycoprotein (GP) receptors.

Cross, R.W., Mire, C.E., Feldmann, H., and Geisbert, T.W. (2018). Post-exposure treatments for Ebola and
Marburg virus infections. Nat. Rev. Drug Discov. 17, 413–434.
Ruibal, P., Oestereich, L., Ludtke, A., Becker-Ziaja, B., Wozniak, D.M., Kerber, R., Korva, M., CabezaCabrerizo, M., Bore, J.A., Koundouno, F.R., et al. (2016). Unique human immune signature of Ebola virus
disease in Guinea. Nature 533, 100–104.
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Large-scale isolation of neutralizing antibodies targeting infectious pathogens
L. Gieselmann, P. F. Schommers, M. Schlotz, M. S. Ercanoglu, C. Kreer, F. Klein
Laboratory of Experimental Immunology, Institute of Virology, Faculty of Medicine and University Hospital
Cologne, University of Cologne, Cologne, Germany
The emergence of microbial resistance against conventional anti-infective drugs emphasizes the clinical need
for new strategies to prevent and treat infections. Novel approaches to address this problem include the
discovery of highly potent and broadly neutralizing antibodies (bNAbs) that effectively target infectious
pathogens. For example, single B cell analysis resulted in the isolation of a new generation of bNAbs. These
antibodies have remarkably influenced strategies to develop an HIV-1 vaccine and revealed new avenues for
HIV-1 immunotherapy. Despite this significant progress and the potential of pathogen specific antibodies, the
identification of novel bNAbs is highly labor- and cost-intensive. To enable high throughput isolation of
antibodies that target a broad spectrum of pathogens, a combination of effective donor screening, B cell
isolation and antibody cloning techniques are required. In this project we present a platform for optimized single
B cell analysis and advanced approaches for large-scale production and screening of isolated antibodies that
effectively neutralize infectious pathogens.
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Sodium chloride is an ionic checkpoint for human TH2 cells and regulates dysbiosis
in atopic dermatitis
J. Matthias1, C. Zielinski2
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Allergic diseases represent a global health concern. Their incidence has increased over the past 50 years,
likely due to environmental factors. However, the nature of these factors and the mode of action by which they
induce the type 2 immune deviation characteristic of atopic diseases remain unclear. It has previously been
reported that dietary sodium chloride promotes the polarization of T helper 17 (TH17) cells with implications for
autoimmune diseases such as multiple sclerosis. Here, we demonstrate that sodium chloride also potently
promotes TH2 cell responses on multiple regulatory levels. Sodium chloride enhanced interleukin-4 (IL-4) and
IL-13 production while suppressing interferon-γ (IFN-γ) production in memory T cells. It diverted alternative T
cell fates into the TH2 cell phenotype and also induced de novo TH2 cell polarization from naïve T cell
precursors. Mechanistically, sodium chloride exerted its effects via the osmosensitive transcription factor
NFAT5 and the kinase SGK-1, which regulated TH2 signature cytokines and master transcription factors in
hyperosmolar salt conditions. The skin of patients suffering from atopic dermatitis contained elevated sodium
compared to nonlesional atopic and healthy skin. Sodium chloride differentially affects the growths and survival
of the cutaneous microbiota, allowing for the selective outgrowth of S.aureus, which is pathognomonic for
atopic dermatitis. These results suggest that sodium chloride represents a so far overlooked cutaneous
microenvironmental checkpoint in atopic dermatitis that can induce TH2 cell responses, the orchestrators of
atopic diseases.
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Incidence and economic burden of Clostridium difficile infections in inpatient settings
of the German health care system – preliminary results of the IBIS study
Y. Khodamoradi1, R. Cruz Aguilar2, T. Schmidt-Wilcke3, E. Schalk4, S. Schmiedel5, I. Wieters1, C. Lübbert6, A.
Stallmach7, W. Holtmeier8, S. K. Gräfe2, A. Ullah2, M. J. Vehreschild1, 9, 10
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Background:
Clostridium difficile infection (CDI) is the most common cause of infectious health-care associated diarrhea in
hospitalized patients, affecting primarily elderly patients with comorbidities and antibiotic exposure. Large scale
patient level data sets including information on symptoms, diagnosis, treatment, response and recurrence, as
well as the associated cost of treating CDI within the German health care system are missing.
Methods:
Using an observational, retro- and prospective, multi-center study design, we collected data from 9 hospitals
in Germany through the epidemiological research platform www.ClinicalSurveys.net. Statistical analysis was
carried out using SPSS.
Results:
Out of 288 patients with CDI analyzed, 162 (56.3%) patients were male and the median age was 71 years
(range 20-96 years; IQR 19). The most common comorbidities were cardiovascular (72.3%), endocrine
(45.0%) and kidney (44.6%) diseases. Overall, 34 (11.8%) received hemodialysis and 88 (30.6%) patients
were immunocompromised at study inclusion. Immunosuppression was defined by current neutropenia (<500
neutrophils/mm³), a history of allogenic stem cell transplantation, prolonged use of corticosteroids or inherited
sever immunodeficiency. Median Charlson comorbidity index was 6 (range 1-19; IQR 4) and median Karnofsky
score was 50% (range 20-100%; IQR 30%). At the time of CDI diagnosis, 37 patients (12.8%) were treated in
an intensive or intermediate care unit.
After initial diagnosis of CDI, 209 (72.6%) patients received vancomycin, 70 (24.3%) metronidazole, 5 (1.7%)
fidaxomicin, 2 (0.7%) metronidazole + vancomycin and 2 (0.7%) received no treatment. If treated, the median
duration of treatment of CDI was 10.0 days (range 1-26 d; IQR 3d). At day 10+/-2 d 92 patients (31.7%) were
discharged, 188 patients (65.5%) were still hospitalized and 8 patients (2.8%) had died during treatment.
Overall, 228 (79.2%) patients responded to CDI treatment. When compared to treatment with metronidazole,
response to vancomycin treatment at day 10+/-2 d was significantly higher (70.0% vs 83.3%; p<0.05). At follow
up on day 45+/-4 d, 98 (34.0%) patients were lost to follow up. Among patients that were followed-up, 8 (15.2%)
presented with first recurrence of CDI.
Conclusion:
These preliminary results from the IBIS study provide valuable epidemiological information on the incidence,
treatment and clinical outcomes of hospitalized patients diagnosed with CDI in the German health care system.
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Modeling the Human Nasal Microbiome
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Background
One of the most life-threatening pathogens that do no longer reliably respond to antibiotic therapy is
Staphylococcus aureus. Over 30% of the entire human population carry this bacterium in their nose, which is
a significant risk factor for deadly infections. Growing evidence indicates that the composition of the nasal
microbiome decisively influences the infection probability. Liu et al. suggest that altering the nasal microbiome
may restrict or even prevent colonization by pathogens such as S. aureus. Therapeutic use requires a
fundamental understanding of the total nasal microbiome, but so far are neither all inhabitants nor their mutual
interactions and interplay with the host fully characterized.
Results
To amplify our understanding of the complex mutual interference of microbes in human nostrils, we develop
new strategies to inhibit nasal pathogen colonization, particularly of S. aureus. For the first time, intricate effects
within the entire nasal microbiome are systematically investigated based on detailed computer models. A list
of the most relevant 148 nose-colonizing bacteria has been assembled for which models are iteratively created.
Current developments cover S. aureus, Moraxella catarrhalis, and Haemophilus influenzae. All models are
adjusted to the conditions of the synthetic nasal medium (SNM3) to ensure realistic conditions. Each model is
carefully curated using a combination of manual literature research, computational methods, and continuous
integration testing. The models comprise a wealth of biological information, such as chemical composition,
reaction directionality, and several database cross-references. In the first step, all models are individually
reconstructed. In parallel, the models are coupled together for simulating microbial communities. It is also
anticipated to verify the models experimentally.

Flowchart of the project: Building a comprehensive knowledge base of computational models for simulating
the entire human nasal microbiome with experimental validation.
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Conclusion
Computational models provide a valuable basis for integrated wet-lab/dry-lab research projects. Their
predictions can guide not only experimental work, but also identify new potential targets for investigation of
complicated mutual interactions between microbes. By validating model-derived hypotheses, it should become
possible to significantly reduce growth and colonization ability of pathogens such as S. aureus in the nose. To
this end, understanding the individual contributions of nasal microbes to the overall homeostasis is
indispensable. On the long term, these investigations may lead to novel microbiotic therapies against S. aureus
and other pathogens based on computer model prediction and validation.
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Model-Based Prediction of Yersinia enterocolitica Infection Outcome
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Background
The course and outcome of gastrointestinal infections are determined by the complex interplay of a given
pathogen, its virulence and fitness factors, the host immune response and the presence and composition of
the endogenous microbiome. An expansion of pathogens within the gastrointestinal tract implies an increased
risk for the development of severe systemic infections, especially in hosts receiving antibiotic treatment or in
an immunocompromised state.
Results
We aimed to get a deeper understanding of the complex relationships between pathogen, host, and
microbiome. To predict pathogen expansion, gut colonization, and infection outcome, we employed a powerful
measure of systems biology, i.e., the development of a computational model. For implementation and
challenges of the model, oral mouse infection experiments with the enteropathogen Yersinia enterocolitica
(Ye) were used.

Schematic overview of presumed infection progression after coinfection of different mouse models with Ye wt
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and mutant strains.
Our model calculates the bacterial population dynamics during gastrointestinal infection and accounts for
specific pathogen characteristics, the host immune capacity, and colonization resistance mediated by the
endogenous microbiome. First, we performed model parameter optimization based on the experimental data
we obtained by the infection of a healthy host. Afterward, we challenged our model by adopting scenarios
where either a microbiome was lacking (mimicking antibiotic treatment of hosts), or where the immune
response was partially impaired. The predicted Ye population dynamics based on these scenarios were
confirmed in experimental mouse infections.

Overlay of model and experimentally determined CFU values determined during Ye coinfection of SPF mice.
A) Ye wt (blue), Ye YadA0 (black dashed) vs experimental data B) Ye wt (blue), Ye T3S0 (black dashed) vs
Ye wt Ye T3S0 coinfection of SPF wt mice
Conclusion
Our model provides new hypotheses about the roles of host- and pathogen-derived factors within this complex
interplay and might be transferable to human patients, and therefore pave the way towards the development
of personalized infection prevention and treatment strategies.
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Exploiting microbiome resilience against colonization and infection by multi-resistant
ESKAPE pathogens
B. Krismer1, B. Torres1, S. Kraus1, C. Laux1, R. Rosenstein1, S. Heilbronner1, N. Schilling2, S. Grond2, H. BrötzOesterhelt1, A. Peschel1
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General damage of the microbiota by broad-spectrum pathogen eradication agents bears severe risks of
resistance development, outgrowth of other pathogens, or rapid recolonization by the same pathogen. Highly
selective, yet efficient eradication strategies are urgently needed. An increasing body of evidence indicates
that microbiomes can provide resilience against colonization by the major facultative bacterial pathogens.
Staphylococcus aureus, for instance, colonizes the nose of about 30% of the human population, which
represents a major predisposing factor for infection. Recent studies demonstrate that the composition of the
nasal microbiome governs the resilience against S. aureus colonization in non-carriers. We and other scientists
have begun to identify the bacterial species and mechanisms leading to S. aureus colonization resistance.
Many of them rely on bacteriocin-like narrow-spectrum antimicrobials that are produced by beneficial
commensals, acting against individual facultative pathogens. Such ‘probiotic’ commensals or their
antimicrobial compounds could be developed into a powerful strategy to prevent infections and to stop the
global ESKAPE epidemics. Several novel bacteriocins produced by nasal commensal bacteria, among them
coagulase-negative staphylococci (CoNS), with pronounced activity against S. aureus or other facultative
pathogens found in human microbiomes were discovered. The lugdunin compound exhibited potent activity in
animal models, and human individuals bearing Staphylococcus lugdunensis had a 6-fold lower risk of S. aureus
carriage than S. lugdunensis-negative individuals. The structure of lugdunin was solved (novel lead structure)
and a patent was filed. We established a protocol to synthesize lugdunin chemically and generated more than
50 congeners. Our project aims at developing bacteriocin-like agents or bacteriocin-producing commensals
for decolonization purposes, elucidate modes of action and potential resistance mechanisms, and analyze how
broad-spectrum vs. specific decolonization agents may affect nasal microbiotas along with the capacity of S.
aureus to recolonize. New and specific eradication agents will be generated thereby contributing to DZIF’s
commitment to prevent ESKAPE infections and develop new antimicrobial agents.

32

Symposium V: Vaccines and Vaccination Strategies

Symposium V: Vaccines and Vaccination Strategies
ST 19
Synthetic self-amplifying RNAs protect from lethal Ebola virus infection
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Newly emerging and re-emerging viruses, as Ebola virus (EBOV), constitute a global threat and require rapid
countermeasures. Therefore, the fast and easy production of effective and well-tolerated vaccines is required.
Synthetic self-amplifying RNAs based on a non-infectious alphavirus (replicons) seemingly have all such
properties. Replicons are safe, strong immune-stimulators and they can be produced cost-effectively in large
quantities, cell-free and in GMP quality. A cooperation of DZIF TTU Emerging Infections with the company
BioNTech RNA Pharmaceuticals GmbH (BRP) and the not-for-profit biopharmaceutical research institute
TRON gGmbH was established to implement and improve a vaccine platform based on replicons (BRPs A.I.R©
vaccines).
The highly pathogenic EBOV was chosen as prime target. Replicons expressing the only surface glycoprotein
GP or the nucleoprotein NP were characterized in vitro. Vaccination of C57Bl/6 IFNAR-/- mice with replicons
expressing GP or NP or a combination of both elicited specific immune responses against the respective EBOV
proteins. Antibodies against both proteins were detected of whom GP-specific antibodies showed neutralizing
capacity against EBOV. Strong CD4 T-cell response against NP and GP and CD8 T-cell response against NP
were detected by ELISPOT assays. Additional immunogenicity studies were performed to optimize the vaccine
dose, immunization schedule, route of administration and formulation of the vaccine.
Finally, C57Bl/6 IFNAR-/- mice were vaccinated intramuscularly (i.m.) with replicons expressing GP or NP or
with a combination of both replicons following a prime/boost regimen (d0 and d35) and infected with EBOV at
day 56 post prime vaccination (p.p.v.). Mice that were immunized with replicons expressing GP plus NP or
with GP alone survived infection, whereas mice vaccinated with replicons expressing only NP were not
protected. Additionally, a prime-only regimen was tested. To this end, mice were vaccinated i.m. with replicons
expressing GP alone or with a combination of NP and GP replicons (d0) and infected with EBOV at day 21
p.p.v. Within those groups 5 of 6 animals receiving the GP replicon and 6 of 6 animals receiving both replicons
were protected from lethal EBOV infection.
Overall, replicons expressing foreign viral antigens represent a promising tailor-made vaccine platform.
Production of replicons can be performed in vitro and is easily scalable to fit the actual need of vaccine doses
which is important for emerging infections outbreak scenarios. The tested replicons expressing EBOV proteins
(GP, GP+NP) induced a robust immune response were protective in the used mouse model.
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Evaluation of a late booster vaccination with the anti-MERS-CoV vaccine candidate
MVA-MERS-S in a first-in-human clinical trial shows substantial enhancement of
humoral immune responses
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Middle East respiratory syndrome coronavirus (MERS-CoV) is an emerging zoonotic virus that may cause
severe pneumonia and is associated with a high case-fatality rate. Due to its high potential to cause future
epidemics and the lack of licensed preventive or therapeutic countermeasures, WHO has declared MERSCoV vaccine development a top public health priority.
We recently conducted a clinical phase I dose-escalation trial of MVA-MERS-S, a novel vaccine candidate
against MERS-CoV that utilizes Modified Vaccinia virus Ankara (MVA) as a vector to express the immunogenic
S antigen of MERS-CoV (MERS-S). The vaccine candidate was tested in 23 subjects and we recently reported
on its safety, tolerability and immunogenicity. While this trial applied a homologous prime-boost regimen (days
0 and 28), data from a clinical influenza vaccine trial utilizing the MVA platform showed a significant increase
of immune responses after an additional, delayed booster vaccination (BV). (Kreijtz et al., Lancet ID 2014).
Based on this finding, we designed a proof-of-concept study to assess the effect of an additional BV in our
study cohort. In a subgroup of 10 volunteers, a BV of 108 PFU MVA-MERS-S was administered 12+/-4 months
after prime vaccination. We examined vaccine safety as well as immunogenicity up to day 28 post BV. MERSS specific antibody titers were measured on days 0, 7, 14 and 28 using a commercial and an in-house Enzyme
Linked Immunosorbent Assay (ELISA). Neutralizing capacity was determined by a virus neutralization and by
plaque-reduction neutralization test.
We observed a similar safety profile after BV when compared to the initial vaccinations. No Serious Adverse
Events (SAE) were reported. Prior to BV, antibody titers had decreased below seroconversion levels in 90%
of all subjects in the BV cohort. After BV, however, titers significantly increased as early as day 7. By day 14,
100% of volunteers had seroconverted and consistently developed robust neutralizing antibody responses.
Notably, even those volunteers who had not seroconverted after initial prime-boost vaccination developed high
antibody titers.
The data generated here contribute to a better understanding of the MVA platform and the role of a late vaccine
boost. They furthermore provide important insights with regard to the upcoming Coalition for Epidemic
Preparedness Innovations (CEPI)-funded multi-center phase Ib trial of MVA-MERS-S, which will lay the
foundation for moving vaccine development into the phase II clinical stage.
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Long-lived Potent Immunity Induced by a Recombinant Measles Vaccine Virus
Encoding H7N9 Influenza Virus Antigens
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In April 2013, the avian influenza A virus subtype H7N9 emerged in Southern China which regularly infects
humans after zoonotic transmission from poultry. As of August 7, 2019, H7N9 has caused 1,568 laboratoryconfirmed cases of human infections with a fatality rate of 39%. To prevent human infections, effective and
safe human vaccines are needed.
Recombinant vaccine strain measles virus (MeV) constitutes a promising platform to induce immunity against
foreign pathogens by additionally expressing their critical antigens from the MeV genome. Here, we aimed to
generate recombinant MeV against H7N9 to characterize the induced immunity in detail using established
tools.
The neuraminidase (N9)- or hemagglutinin (H7)-encoding genes of the A/Shanghai/2/2013 virus isolate were
cloned into additional transcription units of the MVvac2 vaccine strain genome either behind the MeV-P or the H gene cassettes. Recombinant viruses were rescued, amplified in Vero cells, and characterized via
sequencing, immunoblot and neuraminidase assay for H7 and N9, respectively, and via analysis of growth
kinetics and revealed the expected features.
IFNAR-/--CD46Ge mice were immunized in a prime boost protocol with either MVvac2-H7(P) or MVvac2-N9(P),
and cellular immunity was determined by IFN-γ ELISpot assay. This assay demonstrated significant antigenspecific IFN-γ secretion by splenocytes up to 2 years after the vaccination, which indicates induction of a very
long-lived T cell immunity. Humoral immune responses were characterized by total binding antibody titers
assessed by IPMA as well as hemagglutination inhibition (HAI), neuraminidase inhibition (NAI) measured by
enzyme-linked lectin assay (ELLA), and neutralizing antibody (nAb) titers. Both H7- and N9- encoding vaccines
induced considerable mean binding antibody titers of 7,500 and 8,000, respectively. The H7-candidate induced
high titers of HAI and nAbs. The N9-encoding vaccine induced high NAI titers, but sera showed no neutralizing
activity, as expected. Curiously, NAI titers were also detected by ELLA in sera of mice immunized by MVvac2H7(P). Currently, we also assess the longevity of the humoral responses and will challenge vaccinated animals
with H7N9 to test protection in vivo.
In summary, the safe, immunogenic and easily producible replicating MeV platform, has been shown here to
induce potent and long-lasting immune responses against newly emerging avian influenza A virus with
zoonotic potential, when encoding its critical antigens.
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Safety and Efficacy of Immunization with Radiation-Attenuated Plasmodium
falciparum Sporozoite (PfSPZ) Vaccine in 1-12-year-old Gabonese in Lambaréné
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In the quest for malaria elimination and eventual eradication, a vaccine is an essential and complementary tool
to the current preventive and curative interventions. Over the last four decades, important evidence has been
gathered on human malaria vaccines. Only pre-erythrocytic malaria vaccines have been demonstrated to be
at least moderately efficacious in malaria endemic settings. RTS,S/AS01, a pre-erythrocytic subunit vaccine is
able to avert significant number of clinical cases in African children and is currently being assessed for safety
and vaccine efficacy (VE) as a potential public health tool in pilot implementation programs in 3 African
countries.
Whole Plasmodium falciparum (Pf) sporozoite (SPZ)-based vaccines have been assessed in 6 African
countries, and in Europe and the USA. In 3 trials in African adults, VEs against Pf infection of 52%, 51% and
47% have been demonstrated during 6 months. PfSPZ vaccines have several potential advantages over preerythrocytic stage subunit vaccines like RTS,S/AS01. Most importantly, their antigenic spectrum is broad and
includes antigens expressed at the liver stage. Immunization by direct venous inoculation (DVI) with PfSPZ
improves the strength and magnitude of vaccine-induced immune responses, and this is essential to reach
high VE with additional benefits of greater tolerability and safety since no adjuvant is required.
We designed a randomized, double blind, placebo-controlled phase 2 trial to assess the safety, tolerability,
immunogenicity and VE of DVI administration of the radiation-attenuated PfSPZ Vaccine at a dose of 9x105
PfSPZ on Days 1, 8 and 29 in 200 children aged 1-12 years living in Lambaréné, Gabon. This immunization
regimen was optimized as part of the DZIF-funded clinical trial MAVACHE. It is the first VE trial of PfSPZ
Vaccine in the most important age-group for malaria control. In a prior study in Tanzania, children in this age
group made much better immune responses to PfSPZ Vaccine than adults.
Sixty-four, 99 and 37 children aged respectively 7-12, 3-6 and 1-2 years were enrolled between July 2018 and
March 2019 and randomly allocated at a 2:1 ratio to received PfSPZ Vaccine or normal saline placebo. Safety
and tolerability during immunizations were excellent. 193 (97%) children received all 3 vaccinations, and 89%
of those were given exactly as scheduled. Follow-up is ongoing. Initial VE analysis is scheduled for 4 November
2019.
We will report safety and tolerability and VE of PfSPZ Vaccine assessed between two weeks and 26 weeks
after the third immunization against naturally acquired Pf infection detected by passive and active (every two
weeks from 2 weeks (14±2 days) until 26 weeks after the final immunization) follow up using thick blood smear
microscopy. 54 malaria episodes have been observed through August 10, 2019, 38 within the time-window for
first analysis. This incidence rate will allow detection of ~60% VE with a power of 80% and alpha of 2.5% (1sided).
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Repeat direct venous inoculation of Plasmodium falciparum sporozoites, strain NF54
and clone 7G8, in healthy adult volunteers naturally exposed to malaria in Gabon: a
randomized open-label study
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B: In the framework of DZIF’s Bloodstage project we have used standardized controlled human malaria
infection (CHMI) by direct venous inoculation of aseptic, purified, cryopreserved infectious Plasmodium
falciparum (Pf) sporozoites (SPZ) for the first time in Africa. Three clinical trials at CERMEL investigated
naturally-acquired immunity and profiled immune responses. Two CHMI trials (LaCHMI-001 and GMZ2CAF01) have been completed and showed that lifelong malaria-exposed adults have three discernible
immune-phenotypes: i) Protection (no parasitemia, no symptoms, no antimalarial therapy required), ii) Control
(parasitemia, no symptoms, no antimalarial therapy required) and iii) Malaria (parasitemia, symptoms,
antimalarial therapy required). These phenotypes are associated with specific immune signatures on protein
microarrays. However, it remains unclear if immunity is stable over time and extends to other parasite strains.
The ongoing third trial L2 assesses the outcome of repeated infections with two strains of PfSPZ Challenge
(NF54 and 7G8) and their effect on immunity over time.
M: L2 is a randomized open label study using repeat CHMI of healthy adult lifelong residents of Gabon, aged
18-45 to investigate the development of antimalarial and antiparasitic immunity to P. falciparum. Volunteers
are recruited on an ongoing basis and randomly allocated 1:1 to one of two sequences:
A. One CHMI with PfSPZ Challenge (7G8) followed by five CHMIs with PfSPZ Challenge (NF54)
B. Four CHMIs with PfSPZ Challenge (NF54) followed by one CHMI with PfSPZ Challenge (7G8), followed by
one final CHMI with PfSPZ Challenge (NF54).
7G8 is a Pf clone that has evolved in South America and is genetically distant from African strains. All CHMIs
take place at 2-month intervals and the enrolled participants are followed for 6 months after the last inoculation.
Immunological, metabolic and parasitological sampling are performed to assess correlates of clinical and
parasitological immunity.

Figures showing the nurses of vaccination team inoculating the PfSPZ Challenge (NF54)
R: The study started in April 2019 and is ongoing. Thus far 39 participants have been screened and 28 found
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eligible. Out of these, 8 have been randomised and 4 group B subjects received their first PfSPZ Challenge
(NF54) inoculation on 26 July 2019. From day0 up to day7 post-infection, no local solicited signs or symptoms
were reported at the inoculation site; 2 systemic adverse events graded 1 were reported and resolved
spontaneously.
C: An update on clinical and immunological results of the completed studies and L2’s study progress will be
presented at the DZIF congress.
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Experimental transmission study with Plasmodium malariae in Gabon
Y. T. Pinilla1, 2, S. T. Boussougou-Sambe1, 2, S. Gräßle1, 2, B. Ngossanga2, A. G. Doumba-Ndalembouly2, A.
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Plasmodium malariae is responsible for quartan malaria, a disease characterized by high fever peaks with
spectacular chronicity but self-limiting asexual blood stage density in non-immune patients. P. malariae (P.m)
infections are widespread throughout sub-Saharan Africa, South-East Asia and Latin America, with a
prevalence of up to 40% in some endemic regions, including Gabon. Nonetheless, our current knowledge of
clinical burden, biology, immunity and transmission is extremely scarce. To start addressing some of those
questions, we set out to establish a protocol for the experimental transmission of P. malariae to An. gambiae
s.s. (Kisumu strain) using fresh parasite isolates obtained from asymptomatic individuals with microscopic
evidence of P. malariae as mono-infections or in mixed infections. We screened study participants in different
rural communities around Lambaréné, Gabon and upon a positive microscopy result, a blood sample was
obtained by venipuncture into heparinized tubes for direct membrane feeding assays (DMFA) using An.
gambiae s.s. DMFAs were performed using two experimental groups, one group was allowed to feed on whole
blood and the other group was fed after serum replacement with 60% European naive AB serum. Mosquitos
were dissected ten days post-infection and oocysts were counted. Out of the 284 participants screened, 3
(1%) P. malariae (parasitemia, 693 to 1,543 parasites/µl) and 5 (2%) were found co-infected P. malariae - P.
falciparum (P.m - P.f) (parasitemia, 133 to 5,035 parasites/µl). They were confirmed by RT-PCR. All 8 P.
malariae-infected blood samples were infectious to mosquitoes. The proportion of mosquitoes infected with P.
malariae had a lower infection rate on whole blood (3%) compared to the serum replacement group (18%;
p=0.3). Mosquitoes infected with whole blood had on average a lower number of oocysts than those fed after
serum replacement (0.4 and 4.3 respectively; p< 0.001). The mosquito mortality rates were 17% in whole blood
group and 30% in serum replacement group (p >0.1). Mosquitos fed with co-infected blood exhibited similar
infection rates using whole blood (15%) vs. serum replacement (26%; p>0.5) and the mortality rate was high
(37% and 41%, respectively; p>0.6). This is the first study demonstrating robust infectivity of P. malariae to
An. gambiae s.s. using fresh parasite isolates collected from asymptomatic carriers in an endemic area. The
successful establishment of this experimental transmission is a step forward in understanding the vectorparasite interactions that determine the transmission of P. malariae in Gabon. It will also open avenues for
further life-cycle studies of P. malariae, including, potentially, the setup of controlled human infection studies
using P. malariae-infected mosquitoes.

39

Symposium VI: Global Aspects of Infectious Diseases
ST 25
Resistance determinants in Enterobacteriaceae and Staphylococcus aureus among
febrile patients hospitalized in DZIF African Partner Institutions
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Background
Bacterial resistance thwarts the curative power of drugs and is a present-time global
problem. The current study describes the prevalence and antibiotic susceptibility patterns of clinical isolates
included in the WHO priority antimicrobial resistant (AMR) pathogen list, with the purpose of guiding empirical
treatment of common life-threatening infections.
Design
Blood, stool and urine specimens of 3,593 febrile patients, aged between ≥30 days and ≤81 years, hospitalized
in Burkina Faso, Gabon, Ghana and Tanzania, from November 2013 to March 2017, were cultured. Antibiotic
susceptibility testing was performed for all Enterobacteriaceae and Staphylococcus aureus isolates using disk
diffusion method. Extended-spectrum β-Lactamase (ESBL) production was confirmed by combined disc test
and further characterized by amplifying the blaCTX-M, blaTEM and blaSHV genes. Ciprofloxacin resistance
among Salmonella spp. (MIC>0,06 µg/ml) was confirmed by E-test and screening of non-susceptible isolates
for plasmid-mediated resistance genes and gyrA, gyrB, parC, parE mutations was performed. S. aureus
isolates were further differentiated by spa-typing and multi-locus-sequence-typing.
Results
Of 4,464 specimens, positive cultures comprised: 3.3% (N=3423) blood,15.4% (N=629) urine and 2.2%
(N=412) stool. Enterobacteriaceae were the most common isolates (88.2%, N=220), including 90 (46.4%)
Salmonella spp., 73 (37.6%) Escherichia coli and 22 (11.3%) Klebsiella pneumoniae. The rate of ESBLproducers (all CTX-M15 genotype) was highest in Burkina Faso (n=15; 38%), followed by Gabon (n=8; 23%),
Ghana (n=18; 14%) and Tanzania (n=0; 0%). ESBL positive non-typhoid Salmonella (N=3) were detected in
Burkina Faso only. Similarly, ciprofloxacin resistance in Enterobacteriaceae was highest in Burkina Faso (53%)
and less than 13% in the other countries. Reduced susceptibility to ciprofloxacin in Salmonella spp., was
observed in 22% (n=7), 1.7% (n=2) and 6% (n=1) isolates from Burkina Faso, Ghana and Tanzania,
respectively. QnrB genes (all in Burkina Faso) and gyrA mutations E133G (n=2) and D87G (n=3) were found
herein. Methicillin resistant S. aureus (sequence type 88, spa-type t186) were detected in one blood and one
urine culture, only in Ghana.
Conclusion
Our findings reveal a distinguishable susceptibility pattern across the various sub-Saharan African countries,
thus, empirical treatment of bacterial infections needs to be re-evaluated and informed by local AMR
40

Symposium VI: Global Aspects of Infectious Diseases
assessments. We additionally exhort for continued surveillance of AMR in Africa, to augment the existing
scarce data in order to improve treatment guidelines.
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Ultrasensitive detection of Plasmodium falciparum infections by recombinase
polymerase amplification and lateral-flow testing
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Accurate diagnosis is essential for prompt treatment and case management of an infection. Thick blood smear
microscopy and antigen-detecting rapid diagnostic tests (RDTs) remain the most deployed malaria diagnostic
tools in malaria endemic areas for both clinical management and for epidemiological surveillance. Though the
operational sensitivities of both methods are appropriate for case management, their accuracy and ability to
detect low-density parasite infections limits their use in screen-and-treat intervention strategies such as mass
screening and treatment (MSAT), and intermittent screening and treatment with artemether-lumefantrine
(ISTp-AL) of malaria in pregnancy. For such strategies more sensitive diagnostic assays are pivotal[1]. In
addition, the high frequency of false negative RDT due to gene deletions poses additional challenges for
accurate diagnosis and threaten the utility of RDT in several regions[2].
Hence, there is a critical need for simplified molecular techniques capable of rapidly and reliably identifying all
cases of malaria including asymptomatic infections. Nucleic acid amplification tests (NAATs), often by PCR,
showed an excellent sensitivity over microscopy and RDTs. However, NAATs involve complex
instrumentations with a rather long turnaround time which render it the least feasible method for routine
diagnosis. To simplify molecular diagnosis of malaria, we developed P. falciparum recombinase polymerase
amplification (RPA) assay that showed high diagnostic accuracy (95%) compared to ultra-sensitive reverse
transcription qPCR (RT-qPCR) at a parasitaemia just above qPCR’s lower limit of detection during the early
blood-stage infection following standardized controlled human malaria infection (Figure 1). Furthermore, we
showed that a drop of unprocessed blood could be used directly for testing parasite carriage among
asymptomatic Gabonese volunteers. Altogether, the high diagnostic performance and the distinctive features
of RPA compare to other isothermal techniques (rapid amplification in ≤ 20 minutes), clearly showed the new
detection based on RPA has great potential towards the point-of-care molecular diagnosis for malaria.

Figure 1. Diagnostic accuracy of RT-RPA compared to ultra-sensitive RT-qPCR. Note that symptomatic malaria is associated with >106
parasites/mL.
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Risk factors for disseminated tuberculosis in migrants and refugees
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Objectives:
Tuberculosis (TB) is still one of the top 10 causes of death worldwide. An estimated 10 million people
developed TB in 2017. In western countries mainly migrants and refugees from TB high-burden regions fall ill
with TB. The proportion of extrapulmonary forms of TB are increasing in European countries. Disseminated
TB is well known as an opportunistic infection in HIV-positive individuals, but may be less expected in HIVnegative people with no apparent immunological defect. Diagnostic delays in these patients often occur due
to the clinical symptoms of extrapulmonary and disseminated TB being less specific.
Methods:
Here we describe eight cases of severe disseminated TB in HIV-negative refugees, who were treated at the
University Hospital of Cologne. One of these subjects will be presented in detail.
Results/Case description:
We report eight cases of HIV-negative male refugees who were between 17 and 32 years of age when
diagnosed with disseminated TB. Routine laboratory findings were unspecific in all 8 patients, and there were
no cardinal symptoms allowing for rapid diagnosis. The most involved organ sites in our patients were bones
and joints (6/8). In 3 patients imaging revealed both pulmonary and extrapulmonary lesions. The majority of
our patients (7/8) were sputum smear negative. In some cases false negative Interferon-γ (IFN-γ) release
assay (IGRA) results led to delay of diagnosis (3/6). Multidrug resistant TB was confirmed in 2 of our patients.
Conclusion:
Disseminated TB in migrants and refugees is an emerging health issue in many western countries.
Multifactorial causes such as deprivation on extended flights (typically years in duration) from their home
countries combined with precarious living conditions and the experience of violence may act cumulatively with
nutritional factors and chronic disorders eventually resulting in a state predisposing immune deficiency. Proper
management requires a high level of awareness among physicians, a comprehensive medical history even in
the presence of language barriers, and a multidisciplinary team approach. The application of appropriate
diagnostic procedures may result in effective treatment regimens. The mechanisms, which lead to
disseminated TB in the absence of HIV-infection are not well understood and should be subject of further
research.
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Neglected Tropical Diseases Consortium: Development of novel diagnostic tests to
support the elimination of onchocerciasis, geohelminths and schistosomiasis
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The BMBF identified Neglected Tropical Diseases (NTD) as an important topic to include in the DZIF Grand
Challenges. Thus, the NTD Consortium was formed to build a platform for clinical, laboratory and
epidemiological research developing crucial diagnostic tools to control and eliminate NTD. The Consortium
focuses on improving diagnostics for onchocerciasis and schistosomiasis, identification and development of
biomarkers of co-infections, and evaluating performance of diagnostics in helminth/HIV co-infections. Since
our founding: A) Bonn established a real-time PCR to quantify Wolbachia depletion (essential endosymbionts
of Onchocerca volvulus worms) from a single larva to monitor efficacy of new drugs in phase 1+2 clinical trials.
B) Tübingen established a flow cytometry assay to detect Schistosoma CCA and CAA antigens that will be
combined with malaria parasite detection, and established a unique high-throughput proteome microarray to
identify new Schistosoma infection biomarkers. C) Hamburg established a combined reference panel (PCRs,
serology, and microscopy) to assess the antibody-based point-of-care (POC) S. mansoni and S. haematobium
urine POC-CCA cassette. D) Munich (LMU) initiated participant recruitment in an area of Tanzania with 13%
HIV prevalence to screen for schistosomiasis and lymphatic filariasis, identified specificity problems with the
WHO recommended schistosomiasis and filariasis tests, and sent samples for evaluation by consortium
partners. E) We added the member Technical University of Munich (TUM) to broaden schistosomiasis
expertise.
To fulfill DZIF commitments to NTD, we proposed that the Consortium become a TTU. The TTU will develop
and evaluate NTD diagnostic tests, establish and validate Gold Standards, and build a translational research
framework and capacity with a structural network of NTD researchers. The TTU has three overarching areas
of helminth diagnostics development: filariasis, schistosomiasis, and cross-cutting and innovation. The
research areas are based on our expertise and achievements and align with the NTD gaps and needs for taskoriented diagnostics raised by: 1) the WHO 2021-2030 Roadmap to fulfill the UN SDGs, and 2) international
partners (Bill & Melinda Gates Foundation and Drugs for Neglected Diseases initiative). We will establish a
structural network of NTD scientists (PIs and postdocs) who will ensure continuity, test benchmarking, training
of PhDs, and knowledge and sample exchange. The TTU adds diagnostics development as a translational
component to the DZIF Grand Challenges that can be expanded to include improved epidemiology,
mathematical modeling, and support development of novel drugs to the TTU framework. As a TTU, we will be
able to efficiently and successfully perform research to fight NTD that will maximize impact and improve the
lives of populations afflicted with poverty-related diseases.
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The role of automated cluster recognition systems in the detection of hospital
outbreaks: experiences from a tertiary care university center.
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Introduction:
Early detection of outbreaks is crucial for effective outbreak management and containment of the spread of
communicable diseases in hospitals. The increasing digitalization of hospital data offers opportunities for
automated outbreak detection systems (AODSs). In order to facilitate routine work in infection control and
hospital epidemiology, we established an AODS at our hospital, a large tertiary care university center in
Germany. In this study, it was our objective to assess the first year of use of our AODS.
Methods:
The AODS was implemented into the routine work of the infection control staff in November 2017. The system
is based on diagnostic results of routine clinical microbiological examinations. These data are structured in a
real-time data depository along with available patient master and movement data. Our AODS focuses on the
most relevant pathogens of nosocomial infections (i.e. Acinetobacter baumannii, Clostridioides difficile,
Enterobacteriales, enterococci, Pseudomonas aeruginosa, staphylococci) by comparing the frequency of
detection against a one-year baseline period. This comparative analysis is based on six different mathematical
algorithms (e.g. Farrington and EARS algorithms). All wards in our hospital are defined as individual
observation units and analyzed separately. In the year 2018, the results of the AODS were prospectively
compared with the results of manual outbreak detection by infection control staff. Conventional manual
outbreak detection was defined as the gold standard. Outbreak was defined as a cluster of pathogens, for
which transmission was confirmed by molecular genetic diagnostics or considered highly likely.
Results:
During the analysis period, infection control staff regularly received notifications of pathogen clusters with a
possible epidemiological link. Conventional manual outbreak detection documented 15 outbreaks. Six
outbreaks were caused by susceptible organisms, while four were caused by organisms with relevant
antimicrobial resistance, and five were Clostridioides difficile infections. All 15 manually discovered outbreaks
were also detected by the AODS, which corresponded to a sensitivity of 100%. However, the majority of
clusters detected by the AODS were evaluated as not being relevant after review by the infection control staff,
thus resulting in a low specificity. On average, review of a single AODS-alert required approximately 10 minutes
of processing by infection control staff.
Conclusion:
AODSs represent a great potential for infection control and hospital epidemiology. Our AODS showed high
sensitivity but low specificity in detecting hospital outbreaks. Our findings illustrate that proper adjustment of
detection algorithms is a challenging but crucial step in implementing an AODS. Future research will have to
focus on increasing specificity in AODSs and thereby reducing workload for infection control staff.
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Klug entscheiden … in der Infektiologie
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Hintergrund
Die „Choosing-wisely“-Kampagne ist eine Initiative, die 2012 in den USA angestoßen wurde und zur
Diskussion von potenzieller Überversorgung aufgerufen hat. Hieran anlehnend hat die Deutsche Gesellschaft
für Innere Medizin (DGIM) unter Einbezug der Subspezialisierungen die Initiative „Klug entscheiden“ 2015 ins
Leben gerufen, die sowohl Aspekte der Über- als auch Unterversorgung adressiert.
Methoden
Die Deutsche Gesellschaft für Infektiologie (DGI) nimmt aktiv an der Kampagne „Klug entscheiden“ teil.
Vorschläge wurden von den Vorstands-, Beirats-, Sektions- und Ausschussmitgliedern eingereicht, priorisiert
und systematisch nach klinischer Relevanz, Häufigkeit und Evidenz überprüft und die endgültigen
Empfehlungen ausgearbeitet. Diese wurden anschließend in der multidisziplinären Kommission der DGIM
systematisch reevaluiert und bei positivem Votum konsentiert.
Ergebnisse
Seit 2015 wurden von der DGI 15 Empfehlungen (6 Überversorgung, 9 Unterversorgung) veröffentlicht.
Themenfelder der Überversorgung beinhalten den überflüssigen Einsatz von Antibiotika (Bronchitis,
asymptomatische Bakteriurie, Candida im Trachealsekret oder Stuhl, isoliert erhöhte Entzündungswerte), zu
lange Antibiotikatherapien (perioperative Prophylaxe) und überflüssige Diagnostik (CT bei unkomplizierter
Meningitis). Die Empfehlungen zur Unterversorgung widmen sich vor allem Impfungen (Influenza, Masern,
Pneumokokken), dem Management von schwerwiegenden Infektionen (schwere bakterielle Infektionen
allgemein, S. aureus-Blutstrominfektionen, Candida-Blutstrominfektionen, Meningitis) sowie der
Antibiotikaapplikation (Oralisierung). Um die Empfehlungen unter Ärzten bekannt zu machen, wurden sie
publiziert und bei nationalen und internationalen Kongressen referiert. Zudem wurden Online-Fortbildungen in
Form von Fallbeispielen zu allen Empfehlungen durch die DGIM herausgegeben.
Schlussfolgerungen
Mit der Implementierung der Klug entscheiden Empfehlungen kann ein Beitrag zur Vermeidung unnötiger
diagnostischer und therapeutischer Maßnahmen und zur Verbesserung der Prävention und dem Management
von Infektionskrankheiten geleistet werden.
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RefuScreen-TB: Evaluation of improved TB screening algorithms in refugees using
novel diagnostics
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Background:
Tuberculosis (TB) remains one of the top ten causes of deaths worldwide. One of the populations most at risk
for developing active TB are refugees. During the year 2015, when a flow of refugees reached Europe, TB
incidence increased by 2/100.000 for 2 years, and efforts have been made to identify more efficient tools for
mass-testing and confirmation of disease. Current screening and diagnostic algorithms perform sub-optimally,
even in settings with satisfactory resources, and more efficient tools for mass-testing and confirmation of
disease are needed.
Design:
Since 2017, children and adults were enrolled in RefuScreen-TB, an observational diagnostic study at 4
centres in Munich, assessing a variety of new tests for active TB. Inclusion criteria were suspicion of active TB
or recent TB contact history. The screening and diagnostic workup included specimen collection for TB culture
and further investigations for active TB as determined by the clinicians. Patients were classified as having
confirmed TB, unconfirmed TB and unlikely TB based on microbiological, radiological and clinical findings.
New tests included various pathogen- and antigen-detection methods and host biosignatures, of particular
interest is the evaluation of the T-cell activation marker TB (TAM TB), an immunological blood-based assay
developed within DZIF.
Results:
A total of 357 patients aged 0-91 years were recruited, 69% of those underwent TB testing due to clinical
suspicion based on symptoms, while only 15% due to abnormal admission examination. In total, 57
nationalities were included, 36% were refugees, 25% migrants from “safe countries” and 36% German/EU
citizens. 174/357 (49%) were diagnosed as having active TB and started on anti-TB treatment. TB was
microbiologically confirmed in 135/174 (78%) by PCR and/or culture.
Conclusions:
RefuScreen-TB is a unique study setup that allowed to enrol a significant number of patients for a TB diagnostic
study in a well-resourced setting, with a considerable number of Germans/EU-citizens. Analysis is currently
ongoing with further results to be presented, including new test performances and correlation of demographics
such as flight routes with TB status. With this well-characterized cohort the evaluation of new test performances
with different diagnostic approaches will generate findings of high interest, particularly by identifying new
potential screening and diagnostic algorithms using the study database.
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DZIF goes Medical Informatics Initiative: the German Infectious Disease Data
Exchange (iDEx) project
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Introduction:
Digitalization has rapidly reached hospital-based health care in recent years. Currently, the Medical Informatics
Initiative (MII) has gained critical momentum to develop and deploy data integration centers across Germany.
The current development plan of the MII consortia is driven by primarily funded use cases, of which only two
have a focus in infection research and which do not cover the full spectrum of research in the German Center
for Infection Research (DZIF).
Methods:
With the aim to develop a common strategy for data integration and sharing in infection research, we have
initiated the German Infectious Diseases Data Exchange (iDEx) project. iDEx was established in 06/2019
within DZIF. As a first step, we identify stakeholders of infectious diseases (ID) data integration to form a
working group within the DZIF. Secondly, experts of TTUs and translational infrastructures (TIs) of the DZIF
undergo structured video interviews to identify predominant areas of interest and current needs in ID research.
Based on these results, a Delphi survey will be created to determine a consensus for a DZIF-wide minimum
data requirement to support relevant use cases. As a third step, we will consult the four MII consortia and the
relevant common working groups to define modes of collaboration for ID related data integration. Within the
entire project, a focus on interoperability and efforts to increase structured data quality at the source will be
discussed.
Results:
The iDEx project provides an interdisciplinary research platform, incorporating interests and meaningful
collaborations from across DZIF and MII consortia. The availability of nationwide real-life ID clinical data is a
key component for the translational ID research cycle, allowing analysis of medical needs and phenotypically
unique patient populations that help ID researchers focusing their activities. Information about rare and
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neglected IDs can be identified at national scale. Additionally, a comprehensive integration of interoperable ID
data in MII data integration centers would enable a linkage between MII consortia. We will present the current
state of the project and reach out to additional partners and collaborators.
Conclusion: The iDEx project develops a strategy for an implementation of DZIF use cases within the MII
consortia. In future, we will extend our network and assure competitiveness of German infection research in
the beginning era of digital medicine. This approach can help to close translational ID research gaps towards
improved patient outcome.
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RNA-based individualized therapy durations and monitoring in patients with drugresistant tuberculosis
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Background:

Treatment of multidrug resistant tuberculosis (MDR TB, resistance against at least rifampicin and isoniazid) is
challenging with lengthy therapy durations of 20 months for most patients. Although a standardized therapy
endorsed by the World Health Organization should be considered for some MDR-TB patients, the vast majority
of European patients cannot be treated accordingly due to high frequencies of 2nd-line drug resistances.
Individualized therapy regimens and durations may be ideal for these patients to improve treatment outcomes.
Biomarker-guided therapy durations on the basis of transcriptional markers are an option to monitor therapy
and to individualize therapy durations regardless of the pathogen’s resistance state.
Methods:
Whole blood RNA samples from Paxgene tubes (Qiagen®, Venlo, Netherlands) taken from three independent
tuberculosis cohorts German identification cohort (GIC, non MDR and MDR), German validation cohort (GVC,
non MDR and MDR), Romanian validation Cohort (RVC, MDR)) were available for whole transcriptome
measurement, (Agilent®, Böblingen, Germany). A retrospective multi-level statistical approach was applied to
create a model to calculate the probability of successful therapy end based on non-MDR-TB patients, which
were then applied to MDR-TB patients.
Results:
Seventy-nine patients from the GIC, 60 patients from the GVC and 52 patients from the RVC with confirmed
pulmonary TB were eligible for the study. A model for individual therapy end time points performed with an
AUC of 0.999 (95% CI:0.996-1.0) in a test-set of non-MDR patients from the GIC. For the non-MDR patients
from the GVC the AUC was 0.937 (95% CI:0.899-0.976). The predicted therapy duration did not differ
significantly for non-MDR patients of the GIC (230.1 days vs 258.2 days, p=0.378) nor the GVC (225.4 days
vs. 275.2 days, p=0.161) when compared to the actual therapy durations. The model was then applied to MDRTB patients and individual therapy durations could be predicted. The probability of successful therapy end
reached the necessary threshold value significantly earlier as compared to the standard therapy duration in
the GIC (455.5d vs. 623.2d, p<0.001), the GVC (471.7d vs. 648.8d, p<0.001) but not in RVC (475.9 days vs.
591.7 days, p=0.198).
Conclusion:
A model that enables the prediction of successful therapy end time points for patients with MDR-TB was
developed and validated in three independent cohorts of MDR-TB patients. This may be the first step to
individualized therapy durations, which may change the management of MDR-TB in the future.
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Prevalence of macrolide- and fluoroquinolone-resistant Mycoplasma genitalium
strains in clinical specimen of risk group outpatients from two STI practices in Berlin,
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Mycoplasma genitalium, mollicutes species lacking a rigid cell wall is a sexual transmitted microorganism
causing different male and female genital trackt infections. In the last years, resistance of the pathogen to
macrolides and fluoroquinolones has been increasingly reported world-wide and is more frequent in risk
groups, such as men who have sex with men (MSM) and among sex trade workers. To determine the rate of
resistance, we analyzed M. genitalium strains in 195 specimens of 154 outpatiens (154 first and 41 follow-up
samples) treated in two specialized practices in Berlin, Germany. The included patients are predominantely
MSM (89,6%) and in many cases HIV-positive (49,9%). Only 15% of M genitalium-positive patients reported
symptoms. Among the first samples (mainly anal swabs - 54%), mutations associated with macrolide
(23SrRNA) and quinolone resistance (parC gene) were detected in 80,5% and 13,0% of the strains
respectively. In 11,7% of specimens a double resistance to both calsses of antibiotics was determined.
Changes of A to G at position 2072 of 23SrRNA and of serine at position 83 of ParC are the most frequent
alterations. According to our data, the use of azithromycin as recommended first-line antibiotic to treat
infections with M. genitalium is strongly restricted what concerns the tratment of MSM patients in Berlin.
Besides the need of resistance studies regarding strains circulating in other regions and among different
patients groups in Germany, the results emphasize the importance of an intensified antibiotic resistance testing
of M. genitalium to avoid a further increase of treatment failures in infections with this emerging human
pathogen.
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Molecular characterization of beta-lactamase genes produced by communityacquired uropathogenic Escherichia coli in Nouna
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Introduction:
Extended-Spectrum Beta-Lactamases (ESBL) are a common mechanism of bacterial resistance in
Enterobacteriaceae. The purpose of this study is to characterize the ESBL genes produced by communityacquired uropathogenic Escherichia coli strains in the Nouna District, in the West-African country, Burkina
Faso.
Methodology:
Samples were collected from non-hospitalized patients who came for consultation at the CMA (Centre Médical
avec Antenne chirurgicale) in Nouna and were sent to the laboratory for a urine culture test. The detection of
ESBL production by the bacteria was carried out with the double-disc synergy test and the extraction of the
ESBL genes with the heat shock method. Molecular characterization of ESBL genes was performed with three
sequential multiplex polymerase chain reaction (PCR) assays.
Results:
One hundred and eighty-two (182) bacteriological cultures were analysed and 29 E. coli isolated, between
01/07/2017 and 01/07/2018. The ESBL phenotype was found in 13/29 (44.8%). Multiplex PCR yielded many
beta-lactamase genes, predominantly blaCTX-M-1,3,15 (12/13; 92.3%) followed by beta-lactamase genes
blaOXA-1,4,30 (8/13; 61.5%) and beta-lactamase genes blaTEM-1,2 (7/13; 53.8%).
Conclusion:
This study showed that the blaCTX-M-1,3,15 genes produced by uropathogenic E. coli were predominant.
Sequencing of these genes would be needed to better characterize the different types of ESBL circulating in
Nouna.
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Characterisation of Neisseria gonorrhoeae isolates using a core-genome MLST
scheme
P. Higgins, J. Wille, H. Seifert
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Background
Recent reports point to a dramatic increase in antibiotic-resistant Neisseria gonorrhoeae (NGO), but there are
scarce data regarding NGO in Germany. We investigated the antimicrobial susceptibility and molecular
epidemiology of NGO using a core-genome MLST scheme on strains isolated in the Cologne metropolitan
area.
Materials & Methods
Seventy-two isolates were collected from patients (11/2015 - 07/2019) with symptoms of urethritis reporting to
the University of Cologne. All except three patients were male; median age of 29 years. Susceptibilities to
azithromycin (AZM), cefotaxime (CTX), ciprofloxacin (CIP), penicillin (PEN), and tetracycline (TET) were
determined by Etest. An ad-hoc core-genome MLST (cgMLST) scheme based on 1751 alleles was used to
investigate their molecular epidemiology (Ridom® SeqSphere+). Genome sequences were also used to
investigate the presence of antibiotic resistance genes and determine traditional 7-loci MLST.
Results
Fifteen isolates were fully susceptible to all the antibiotics tested and non-susceptibility to CTX (n=2), TET
(n=23), AZM (n=29), PEN (n=40), and CIP (n=40) was found. Thirteen isolates were non-susceptible to 1
antibiotic, eighteen were non-susceptible to 2 antibiotics, and twenty-four were non-susceptible to ≥ 3
antimicrobials and were considered multidrug resistant (MDR). At least one antibiotic retained activity against
each isolate. PEN MICs ≥2mg/L were associated with TEM, while TET MICs ≥8mg/L were all associated with
tetM-like. CIP non-susceptibility was associated with GyrA substitutions. Seven-loci MLST revealed 29
sequence types (ST), with ST-7363 and ST-8156 the most abundant, both represented by 10 isolates. All the
ST-7363 were CIP resistant. cgMLST analysis delineated isolates further. ST-8156 formed a single clade,
whereas ST-7363 formed two clades separated by over 700 allelic differences, suggesting that 7-loci MLST
does not necessarily represent clonality. We detected 9 possible transmission clusters where isolates were
separated by ≤ 9 allelic differences, and of these, five transmission clusters were comprised of MDR isolates.
Conclusion
Our cgMLST scheme allowed us to further differentiate between isolates with the same 7-loci sequence type,
and we detected nine potential transmission events. One third of isolates were MDR, with at least five of the
transmission events involving MDR isolates. However, cefotaxime retained good activity against N.
gonorrhoeae from the Cologne area.
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Generation and selection of antibodies for an immunochromatographic lateral flow
assay to rapidly identify OXA-23-, OXA-40- and OXA-58-like mediated carbapenemresistance in Acinetobacter baumannii isolates
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Treatment of Acinetobacter baumannii infections can be extremely challenging owing to the wide distribution
of multi-drug resistant strains. Of special concern is the increasing resistance against carbapenems, which is
now reported worldwide. Recently, the WHO published a global list of antibiotic-resistant priority pathogens
with carbapenem-resistant A. baumannii as “priority 1” for research, discovery and development of new
antibiotics. Colonization with carbapenem-resistant A. baumannii (CRAb) requires rapid action from an
infection control perspective because the organism is known for its propensity for epidemic spread. Hence,
there is an unmet medical need for rapid identification of CRAb to assist in appropriate antibiotic treatment and
to prevent transmission.
Carbapenem-resistance in A. baumannii is mainly mediated by the acquisition of one of the following
carbapenemases: OXA-23, OXA-72 (OXA-40-like) or OXA-58. In a “Proof-of-concept” study we have
generated and selected anti-OXA-23 monoclonal antibodies (moabs), which have been implemented for the
specific identification of OXA-23 using an immunochromatographic lateral flow test (ICT). The OXA-23 K-SeT,
CE-marked and commercially launched in July 2018, has demonstrated to give reliable results within 15 min
and with 100% specificity on clinical isolates (Mertins et al., 20019).
Our aim is to expand the OXA-detection abilities to OXA-40/OXA-58-like carbapenemases. Therefore, we
generated, selected and purified specific anti-OXA-40 and anti-OXA-58 moabs and characterized them in an
ICT format. All possible combinations of purified, specific anti-OXA-40 (n=8) and anti-OXA-58 (n=6) moabs,
were analyzed for their ability to detect recombinant OXA-40 or OXA-58, respectively. Antibody pairs (capture
and detection) showing specific and strong signals were chosen and implemented into single-ICT-prototypes.
Those single ICT-prototypes for OXA-40 and OXA-58, were evaluated on clinical A. baumannii isolates with
well-defined carbapenem-resistance mechanisms.
Based on the ICT-prototype validation, the development of a triple-OXA-23/40/58 ICT can be envisaged to
detect more than 93 % of CRAb strains worldwide. With this easy-to-use, rapid detection assay one can save
12-48 hours in diagnostics, which helps to treat patients earlier with appropriate antibiotics and allows
immediate intervention to control transmission of CRAb.

Reference:
Mertins, S., Higgins, P.G., González Rodríguez, M., Borlon, C., Gilleman, Q., Mertens, P., Seifert, H., Krönke,
M., and Klimka, A. Generation and selection of antibodies for a novel immunochromatographic lateral flow test
to rapidly identify OXA-23-like-mediated carbapenem resistance in Acinetobacter baumannii. Journal of
Medical Microbiology 2019;68:1021–1032.
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Background:
Infections or colonization with multi-drug resistant bacteria represent a major challenge for treatment of the
patients and for infection disease control teams. In the past, outbreak analysis and spread of multi-drug
resistant (MDR) bacteria in hospitals was focused on the clonal expansion of certain bacterial strains. However,
also the spread of mobile genetic elements such as carbapenemase harbouring plasmids by horizontal gene
transfer might significantly contribute to the expansion of antimicrobial resistance genes within the hospital
setting.
Materials/methods:
In order to track the transmission of plasmids, a bioinformatics pipeline (https://github.com/imgag/plasmIDent,
https://github.com/imgag/pathoLogic) was established, allowing to obtain circularized plasmids from hybrid
assemblies using short read sequences (Illumina) and long read sequences (Oxford Nanopore).
Results:
First, 54 blaIMP-8 carbapenemase positive strains recovered from human and environmental sources over a
period of six years were sequenced to obtain short- and long-read sequences. Applying the established
pipeline and comparing the assembled plasmid sequences, we were able to generate evidence, that a 40 kb
plasmid harbouring blaIMP-8 was transferred between Pseudomonas aeruginosa and Citrobacter species. In
addition, we detected a blaIMP-8 habouring 164 kb megaplasmid, which resulted from plasmid fusion. Next, we
applied the strategy to analyse individual patient cases. In the first case, three different blaVIM positive bacterial
species (Escherichia coli, Citrobacter freundii and Klebsiella oxytoca) were cultivated from rectal swabs over
a period of approx. 3 months. Applying our pipeline, an identical ~175 kb plasmid harbouring the blaVIM-4 was
detected, suggesting a rather dynamic colonisation status of the patient. In the second case, the same different
bacterial species were recovered from a single rectal swab. In the E. coli, C. freundii and K. oxytoca isolates
an identical blaNDM-5 harbouring ~46 kb plasmid was confirmed, indicating spread between those species or
via an additional donor, either within the gut of the patient or in an outside source to which the patient was
exposed.
Conclusions:
These data clearly show, that the chosen approach enabled us to track plasmid expansion within the hospital
setting, but also characterize mobile genetic elements on the level of individual patients.
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Statistical evaluation of hospital resistance data - a practical approach
T. Kienbaum
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Monitoring routine resistance data in hospitals is a concern of hospital hygiene and antibiotic stewardship - it
is also required by the Infection Protection Act of Germany.
Of particular interest is the temporal development of bacterial resistances, especially how effectively they are
influenced by Antimicrobial Stewardship measures such as the restriction of certain antibiotics. Furthermore,
evaluation of these surveillance data is important to identify hygienic risks.
The development of bacterial resistance was statistically evaluated in a 400-bed hospital using data from the
period 2013-2018.
A simple statistical test procedure (Chi-Square test) is presented that can be used in every hospital. The
prerequisites, possibilities and limitations of the analysis are discussed.
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Antibiotic resistance evolution of Mycobacterium tuberculosis complex bacteria
during sub-lethal moxifloxacin and bedaquiline exposure
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Research Center Borstel, Borstel, Germany
Tuberculosis (TB) continues to be the deadliest human infection caused by bacterial strains of the
Mycobacterium tuberculosis complex (MTBC). Once the bacteria develop resistance towards the two most
effective drugs isoniazid and rifampicin, the infection is classified as multidrug resistant tuberculosis (MDRTB) and drug regimens are changed, including moxifloxacin (MFX) and the new drug bedaquiline (BDQ) as
one of the core drugs. Worrisome, recent studies revealed the inability of both drugs to reach the actual sight
of infection, i.e. granuloma, at a therapeutic level. These niches of low drug concentrations might particularly
select for highly resistant and highly competitive MTBC strain populations.
To investigate resistance evolution under low drug concentrations and possible selective advantages of
particular mutants we analysed a mutant recovery rate and competitive growth under sub-lethal drug
concentrations and characterized mutants by whole genome sequencing (WGS) and phenotypic assays.
We found that increasing but still non-lethal drug concentrations lead to a mutant enrichment. These conditions
seem particularly suitable to generate clinically relevant mutants, however preliminary data suggests that the
relative fitness of individual mutants (compared to susceptible wild type strain) differ.
Our data will be relevant for WGS-based drug resistance prediction assays for MDR-TB patients, i.e.
personalized medicine, it will further reveal insights into evolutionary processes of intra-patient drug resistance
development, and could inform new therapies approaches in the future.
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Background:
Antibiotics are among the most commonly prescribed classes of drugs in emergeny departments (ED). In most
EDs, high patient numbers and time pressure in combination with often seriously ill patients lead to an
overprescribing of broad-spectrum antibiotics. However, the decision of the type of antibiotic in the ED is crucial
as it is usually continued on the wards and is not re-evaluated when patients are discharged from the ED. Here
we analyse the effect of local guidelines for common infections in the ED developed by an antibiotic
stewardship team.
Methods:
The antibiotic stewardship intervention consisted of the development of local treatment guidelines for common
infections in the ED, training sessions and distribution as posters and pocket cards. The guidelines were in
accordance with the clinical departments involved in the ED as well as national (AWMF) and international
guidelines. Evaluation of the antibiotic prescription behaviour was performed before and after the antibiotic
stewardship intervention. For the pre-intervention period, a correct antibiotic prescription was according to
AWMF guidelines. After the antibiotic stewardship intervention, the correct prescription was supposed to be in
line with the newly established local guidelines.
Results:
For this study, patients with one of the following indicator diagnoses were chosen: community acquired
pneumonia (CAP) and urinary tract infection (UTI), including both cystitis and pyelonephritis. The preliminary
data analysis revealed that antibiotic treatment for CAP was in accordance with guidelines in 31,7% of cases
in the pre-intervention phase. This increased to 57,3% (p=0.002, Chi2-Test) after the antibiotic stewardship
intervention. The choice of antibiotic for UTI was in accordance with guidelines to a much higer degree preinterventionally (50% for cystitis and 64,2% for pyelonephritis). The difference after the intervention did not
reach statistical significance.
Conclusions:
Antibiotic stewardship interventions can be successful, even in the bustling setting of the emergency
department. However, implementation and sustainability of behaviour change remain a constant challenge.
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Antibacterial activity of a Tribolium castaneum defensin in an in vitro infection model
of Moraxella Catarrhalis
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Introduction
Bacterial multidrug-resistance is a growing global health problem. This includes pathogens that cause severe
lung disease, such as Moraxella Catarrhalis (M.c.).
M.c. is a gram-negative, human-restricted diplococcus that colonizes the respiratory tract. It is the predominant
cause of Otitis Media in children and also causes exacerbations in COPD and chronic bronchitis. Gram
negative bacteria secrete outer membrane vesicles (OMVs), which might be involved in the process of bacterial
infection. In this study we investigated three insect-derived antimicrobial peptides (AMP) of known antibacterial
properties as an alternative for antibiotics against M.c. infection in an in vitro model with blood-derived
macrophages (BDM). We also confirmed the secretion of M.c. OMVs and tested their immunologic properties.
Methods
The effect of AMPs on M.c. replication was tested by Colony-Forming-Unit (CFU) Assays. BDMs were infected
with M.c. for 24 h, with onset of treatment with AMPs at 1 h or 5 h post infection. Direct cytotoxicity of AMPs
on BDMs was tested by Lactate Dehydrogenase Assay (LDH). M.c. OMVs were isolated by ultracentrifugation
and used in an in vitro 24 h BDM stimulation model in comparison to M.c. infection. Results were analysed by
qPCR.
Results
No cytotoxicity of AMPs on BDMs could be detected. M.c. CFU data show that especially the AMP Defensin
TCA1 strongly reduced bacterial growth, hinting at a bacteriostatic or bactericidal effect. Furthermore, infected
cells produced less IL-8 transcript when treated with AMPs in comparison to untreated cells.
Stimulation of MEF-cells with M.c.-derived OMVs showed that IL-6 induction was comparable to the induction
observed upon M.c. infection
Conclusion
The chosen AMPs, especially TCA1, might be potential antibacterial agents, as they cause a significant
decrease in bacterial growth and a decreased immune response. As M.c. OMVs also induce proinflammatory
cytokines, the effect of AMPs on OMV secretion might also be worth investigating.
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Bedaquiline resistance development under multidrug resistant tuberculosis therapy
S. Andres1, M. Merker1, J. Heyckendorf1, B. Kalsdorf1, R. Rumetshofer2, A. Indra3, S. Hoffmann-Thiel4, H.
Hoffmann4, C. Lange1, S. Niemann1, F. Maurer1
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Multidrug resistant tuberculosis (MDR-TB) is caused by Mycobacterium tuberculosis complex (MTBC) strains
that are at least resistant to isoniazid and rifampicin. These strains require more toxic second-line drug
regimens with bedaquiline (BDQ) as one of the new MDR-TB front line drugs. BDQ containing MDR-TB
regimens recently showed higher cure rates and less mortality, however few years after introduction first
patients failed on BDQ therapy and cross-resistance to clofazimine (CFZ), another WHO endorsed MDR-TB
drug, was reported.
Here, we investigated MTBC isolates from seven patients which were identified at the German National TB
Reference Laboratory in Borstel in a nine-month period, who developed BDQ resistance mainly under a
functional MDR-TB backbone regimen. Isolates before and after BDQ exposure were analyzed by whole
genome sequencing (WGS) and minimum inhibitory concentration (MIC) determination.
We found that five patients were treated with CFZ prior BDQ administration. Further BDQ/CFZ MIC increases
correlated with the emergence of multiple mutations in the gene Rv0678, coding for the transcriptional regulator
of an efflux pump, and the main target for cross-resistance between both drugs. Alternating frequencies of
different Rv0678 mutants in individual patients over few months suggest a certain level of drug tolerance,
eventually selecting for the best adapted mutant.
Quality controlled phenotypic drug susceptibility tests for CFZ and BDQ will be crucial to inform tailored MDRTB therapies and prevent further resistance development. Tracing minority population by WGS in MDR-TB
patients might offer early drug replacements to prevent resistance fixation.
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Impact of Intensified Infection Control- and Antimicrobial Stewardship-Measures on
the Incidence of Nosocomial Clostridioides difficile- and Blood Stream-Infections by
VRE and other Multi-resistant Gram-negative Bacteria – The ABSOLUTE-Study
A. Y. Classen1, 2, L. Durán-Graeff1, C. Belmar-Campos3, P. Gastmeier4, 5, S. Göpel6, 7, A. Hoffmann3, F. Hölzl6,
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Background:
Infections by Clostridioides difficile (CDI), vancomycin-resistant enterococci (VRE), and other multi-resistant
gram-negative bacteria (MRGN) are an immediate threat to hospitalized patients worldwide. Intensified
infection control- (IC) and antimicrobial stewardship-measures (AMS) could reduce the incidence of intestinal
domination and subsequently infections by these bacteria.
Methods:
The German multi-center ABSOLUTE-study (Antibiotic Stewardship and Infection Control in Patients at High
Risk of Developing Infection by Clostridium Difficile, Vancomycin-Resistant Enterococci or Multi-Resistant
Gram-Negatives), assessed the efficacy of IC and AMS-measures in five university hospitals using a steppedwedge cluster-randomized design. IC measures were implemented six month prior to AMS measures at each
study department (SD), including a) monthly documentation of disinfectant usage, b) semi-annual assessment
of hand hygiene compliance (HHC), and c) quarterly performance of cleaning controls at 5 predefined
measuring points per room. AMS-measures comprised a) monthly evaluation of the antibiotic consumption at
the SD, b) development and implementation of educational materials for optimizing antibiotic therapies, and c)
assessment of antibiotic prescription quality before and after introduction of educational materials. For each
SD, quarterly team-meetings with physicians, nurses, and cleaning staff were performed, to discuss results of
IC- and AMS-analyses. To assess efficacy of all interventions, monthly cases of CDI and infections by VRE or
other MRGN have been documented starting 12 months prior to initiation of the study at the respective SD.
Results:
Study measures have been performed in 15 departments including two surgical departments and thirteen
internal medicine departments, of which three were hemato-oncological departments. One surgical and one
internal medicine department included an intensive care unit. We conducted 60 HHC assessments including
10,802 observed indications for physicians, nurses, and other medical staff. A total of 95 cleaning controls
have been performed, covering 475 patient rooms and 2,375 measuring points. During the study period, 2,658
antibiotic prescriptions have been assessed via point prevalence analyses or antibiotic audits. Antibiotic
therapies were rated adequate in 299/464 (64%) cases prior to study interventions and in 1,416/2,194 (65%)
cases after intervention. The first assessment after implementation of the AMS-bundle was rated adequate in
405/653 (62%) cases, compared to the last one of consecutive assessments with 484/667 (73%) cases rated
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adequate (2-6 consecutive assessments per SD).
Conclusion:
A comprehensive bundle of combined IC- and AMS measures has been implemented and assessed
throughout the ABSOLUTE-study. Data-analyses are currently ongoing. Our findings will allow to develop
comprehensive recommendations on how to prevent infections by C. difficile and the other target-pathogens.
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Genotype specific risk factors for ESBL colonization on hospital admission – a cross
sectional study in six German university hospitals
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Background:
The aim of the study was to assess the colonisation of patients on hospital admission with 3rd generation
cephalosporin resistant Enterobacterales (3GCREB) and identify genotype-specific risk factors for 3GCREB
carriage.
Material/methods:
In 2014 and 2015 non ICU patients at six university hospitals were screened within 72h of admission. Rectal
swabs were analyzed for 3GCREB; additionally patients answered a short questionnaire on potential risk
factors for colonization with multi drug-resistant organisms. 3GCREB isolates were analysed phenotypically
and genotypicallyfor ESBLs and other beta-lactamases. Univariable and multivariable risk factor analyses
were performed in total and genotype-specific.
Results:
In total, 8753 patients were screened for 3GCREB on admission. Of those, 828 were 3GCREB carriers,
corresponding to an admission prevalence of 9.5%. Only 8 patients (0.1%) were colonized with carbapenem
resistant Enterobacteriales. The most common species was E. coli (79.4%) and the most common ESBL type
CTX-M-15 (38.0%), followed by CTX-M-1 (22.5%), AmpC (11.9%), CTX-M-14 (8.7%), CTX-M-27 (7.5%), and
SHV-ESBL (4.4.%).
Previous detection of any MDRO and previous antibiotic therapy were risk factors for all ESBL types except
CTX-M-14 and CTX-M-27. Travel outside the EU was associated with a higher risk for colonization with CTXM-15 and CTX-M-27 (OR 3.49, 95% CI 2.88-4.24 and OR2.73, 95% CI 1.68-4.43, respectively). Long term
care facility stay was the sole risk factor for CTX-M-14 colonization (OR 3.01, 95% CI 1.98-4.59). Hospital stay
in Germany was associated with a higher colonization with CTX-M 15 producing Enterobacterales (OR 1.27,
95% CI 1.14-1.41), whereas a hospital stay in the EU was a risk factor for colonization with SHV-ESBL (OR
3.85, 95% CI 1.67-8.92).
Conclusions:
Our analyses showed that colonization with different ESBL genotypes is associated with distinct risk factor
sets. Distinct sources have to be taken into account for colonization with different ESBL variants. Screening of
patients with intercontinental travel history could identify carriers of the emerging, highly transmissible CTX-M27.
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E. xiangfangensis is the predominant clinical Enterobacter species in Germany
S. Doijad, J. Falgenhauer, L. Falgenhauer, C. Imirzalioglu, R-Net, SurvCare, T. Chakraborty
Institute for Medical Microbiology, Justus-Liebig University, Gießen, Germany
Infections with Enterobacter spp. are notoriously difficult to treat and broad resistance to third-generation
cephalosporins and quinolones is an increasing problem. Enterobacter species are members of the ESKAPE
group of pathogens of the WHO priority list for developing new antibiotics. We collected non-repetitive
Enterobacter isolates (2011-2019) from six different University hospital centers (Berlin, Cologne, Freiburg,
Giessen, Lubeck, and Tubingen) as well as from regional hospitals in the State of Hesse, Germany. The
collection comprised of both antibiotic-resistant as well as susceptible isolates from blood-stream infection or
rectal swabs. Genome-based taxonomic analysis revealed 77% isolates as true members of the species
Enterobacter. The remaining 33% belonged to the species Klebsiella, in particular, K. aerogenes. Enterobacter
species comprised of E. xiangfangensis (69.4%), E. ludwigii (14.0%), E. kobei (4.13%), while E. roggenkampii,
E. bugandensis, E. cloacae, E. asburiae, E. chengduensis, and E. mori occurred only sporadically. Two of the
isolates could not be assigned to any known species. Phylogenomic analysis distributed E. xiangfangensis
isolates into four distinct lineages, Lineage-I to IV. Lineage-I comprised 62% of E. xiangfangensis or 42% of
all Enterobacter isolates. Comparative genomic analysis showed the occurrence of clonal isolates at different
centers suggesting local circulation. Also, repetitive isolation of clones from the same center but at a different
time indicated their persistence in this environment. All Enterobacter isolates harbored uniformly betalactamases (AmpC), fosfomycin (fosA) and phenicol (cat) while genes for aminoglycoside, other betalactamases, fluoroquinolone, sulfonamide, tetracycline, macrolide, and colistin resistance occurred variably.
The study clearly shows that the population of clinical Enterobacter in Germany is predominated by E.
xiangfangensis lineage-I. Their association with disease in susceptible populations and virulence potential are
currently not known.
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One single clone dominates the population of vancomycin-resistant Enterococci in
the Rhine-Main metropolitan area
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Vancomycin-resistant Enterococcus faecium (VREfm) are isolated in increasing numbers in Germany. A
particularly high prevalence has been detected in central Germany, the so-called VRE belt, which also includes
the federal state Hesse. We used whole-genome-based analysis of isolates collected from within the RhineMain metropolitan area to obtain insight into the VREfm landscape in this region.
VREfm were collected by 17 hospitals located in the Rhine-Main metropolitan area. Patient meta-data was
obtained using a questionnaire-based approach. Isolates were acquired from screening samples (n=85) and
clinical specimens (n=10). Whole-genome sequencing was performed to determine the multilocus sequence
types (MLST) and core genome MLST (cgMLST).
Of the 95 isolates analysed, 90 had an identical sequence type (ST117) with a single predominant cgMLST
complex type (CT71, 87%). All ST117/CT71 isolates harboured an identical insertion of a vanB transposon in
the chromosome. CgMLST typing revealed that 95% of these isolates differed only by up to 10 cgMLST alleles
indicating a clonal origin of these isolates. They were found in hospitals within the study group and their
presence was independent of the sampling source. No association with patient data (e.g. age, antibiotic
treatment, underlying diseases, travel abroad) was noticed.
The presence of a VREfm clone in hospitals located in a large geographical region is alarming. This finding
indicates either an intra-hospital spread or an acquisition of this clone in the general population. Further studies
are warranted to understand the basis of these findings and mechanisms leading to clonal spread throughout
the Rhine-Main metropolitan area. In particular, it raises questions on the effectiveness of institution-based
infection- and antibiotic stewardship- control without an understanding of VREfm carriage states and
transmission dynamics in human populations within the area of study.
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The sensitive, the specific and the gold standard –Advanced Molecular and
Phenotypic DST diagnostics in M/XDR Tuberculosis
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With over 1.5 million fatal cases in 2017, tuberculosis (TB) ranges among the top-10 causes of deaths
worldwide. One of the major obstacles hampering its elimination is multidrug and extensively drug-resistant
TB (MDR, XDR TB). The World Health Organizations (WHO) recent MDR-TB therapy guidelines and advanced
treatment approaches like therapeutic drug monitoring necessitate comprehensive drug susceptibility testing
(DST). Whole-genome sequencing (WGS) and 96-well-plate-based minimal inhibitory concentration (MIC)
diagnostics like MYCOTBI or UKMYC5 are tools that potentially fit these needs. However, there is no
consensus on their clinical validity yet.
Method
The performance of WGS and plate-based MIC determination were compared to the mycobacterial growth
indicator tube (MGIT, etc.) and examined their clinical implications. M/XDR TB Patients between 2014 and
2018 at the Medical Clinic of the Leibniz Lung Centre Borstel were included in the study. Patient-derived
isolates were measured using MGIT, WGS as well as MYCOTBI and UKMYC5 (Thermo Fisher Scientific,
Darmstadt, Germany) as plate-based MIC assays at the National Reference Centre for Mycobacteriology,
Borstel, Germany, and the WHO Supranational Reference Centre for Tuberculosis, Gauting, Germany. The
clinical implications were evaluated by designing treatment regimens following a standardized WHO treatment
algorithm for each patient based on each test.
Results
A total of 74 patients were diagnosed with M/XDR TB by MGIT. Isolates of all these 74 patients had also been
evaluated by WGS. MYCOTBI and UKMYC5 results were available for the isolates of 63 patients.
Sensitivity and specificity for WGS to predict MGIT results were 94.4% and 90.8% respectively.
MYCOTBI/UKMYC5 had a sensitivity and specificity of 66.8% and 97.4% respectively.
For WGS, 26 antibiotics in 19 patients were diagnosed susceptible, whereas MGIT rated them as resistant. In
MYCOTBI/UKMYC5, 125 antibiotics in 55 patients were tested susceptible despite a resistant MGIT result.
Most importantly, MYCOTBI/UKMYC5 identified six patients with susceptibility to Rifampicin and at least one
other first-line drug. WGS diagnosed intermediate resistance in four of those patients. Strains of four of them
carried the rpoB H445L-, the other two the rpoB D435Y polymorphism.
In accordance with these findings, there were highly significant deviations (Chi²: p<0.001) in the simulated
treatments: Regimens based on MYCOTBI/UKMYC5 comprised considerably more first-line drugs than MGIT
based treatments, whereas WGS based regimen employed more group C compounds.
Conclusion
In this study, the performance of WGS and two combined plate-based MIC assays were compared to MGIT.
While WGS showed the highest sensitivity and the lowest rate of false-susceptible results, it also favoured the
more toxic and less effective drugs. MYCOTBI/UKMYC5, in contrast, identified six patients, who could
potentially benefit from a first-line instead of second-line treatment.
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A big-data based platform merging Genomic Data of Bacterial Pathogens with Clinical
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Within DZIF, pan-site surveillance and clinical projects contribute to the collection of contemporary bacterial
isolates. In the resistance network R-Net (closely connected with the project BLOOMY.COM), bacterial isolates
from both infection- and colonization- states are collected, and give a valuable overview of the “bacterial
landscape” within the six participating DZIF-sites. Isolates are phenotypically typed regarding their biochemical
and resistance profiles, and they are subsequently subjected to whole genome sequencing and analyzed with
the analysis platform ASA³P (Automatic Sequence Assembly, Annotation and Analyses Pipeline/Plattform) (1).
These well-characterized isolates do not only contribute to the understanding of occurrence and spread of
multidrug-resistant bacteria, but are also available for different research questions of other sites and
organizations through the Microbial Genome Resource Center (MGRC).
Within the project EMBL-PAT, data from these well-characterized, up-to-date isolates will be combined with
defined clinical parameters deriving from patient data. Thus phenotype data (e.g. from antibiotic resistance
testing) and genome-based data analysis (as extracts from the ASA³P analysis) will be linked to patient data
(from project- and electronic- patient records) and can be interrogated via a CentraXX-based database
interface. As the project includes three different DZIF-sites viz. Gießen, Lübeck and Tübingen, patient data will
used structured LOINC (Logical Observation Identifiers Names and Codes) vocabularies. Through resources
available within the federated databases of DZIF ZBR (Zentrales Bioprobenregister) within the TI Biobanking
platform, identifiers will enable queries from other sites or DZGs with respect to disease phenotypes and their
associated pathogen-specific characteristics to be processed.
The grouping of genomics and “big data” is part of an emerging systems-biology-oriented approach that will
offer new insights into antimicrobial resistance and emerging pathogens that could be translated into predictive
diagnostic tools and evidence-based interventional actions and therapies.
References:
1. Schwengers O, Hoek A, Fritzenwanker M, Falgenhauer L, Hain T, Chakraborty T, Alexander Goesmann.
2019. ASA3P: An automatic and scalable pipeline for the assembly, annotation and higher level analysis of
closely related bacterial isolates. biorxiv. doi:10.1101/654319.
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cephalosporin-resistant and carbapenem-resistant Klebsiella pneumoniae in
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Introduction
The aim of this study was to investigate the prevalence of high-risk clones and the molecular epidemiology of
third-generation cephalosporin-resistant (3GCR) and carbapenem-resistant (CR) Klebsiella pneumoniae (Kpn)
isolated from patients on hospital admission, and from bacteremia in Germany.
Material and methods
Patients were screened upon hospital admission in 2016 and 2017 for rectal colonization of 3GCR and CR
Kpn at 6 German tertiary care university hospitals. Isolates were selected using chromID ESBL (bioMérieux)
and MAST CHROMAgar mSuperCARBA (Mast Diagnostica). Additionally, over the same time-period in the 6
hospitals, isolates from patients with 3GCR and CR Kpn bloodstream infections (BSI) were included with
patients with susceptible Kpn BSI serving as controls. Antimicrobial susceptibility testing for cefotaxime,
ceftazidime, ertapenem, imipenem, and meropenem was performed using Vitek2 and Etest (bioMérieux).
Sequencing libraries were prepared for 250bp paired-end sequencing on a MiSeq (Illumina). Core-genome
MLST (Ridom® SeqSphere+) and 7-loci MLST were determined.
Results
Out of 5846 patients screened on hospital admission, 42 3GCR Kpn isolates were recovered (prevalence of
0.7%), of which 4 isolates were additionally CR. The most common STs were ST45 (n=4), ST14 (n=3), ST17
(n=3), ST20 (n=2) and ST307 (n=2). Among the colonizing 3GCR Kpn isolates, 17% belonged to the high-risk
clones ST14, ST17 and ST37. By cgMLST, an unambiguous separation of isolates was observed with only
one cluster of two ST20 isolates in one study center (hospital A). A total of 44 3GCR Kpn isolates were
recovered from bloodstream infections, of which two isolates were also CR. The most prevalent STs among
the bloodstream isolates were ST15 (n=5), ST48 (n=5), ST307 (n=5), ST13 (n=3), and ST101 (n=3), while,
30% of these isolates belonged to the high-risk clones ST14, ST15, ST17, ST101 and ST147. A cluster of four
ST48 Kpn recovered in 2017 was observed at one study center (hospital B), and ST15 (n=2) formed a small
cluster at hospital C. A similar clustering pattern was observed for ST101 (n=2) forming a small cluster in
hospital D. A total of 29 susceptible controls from bloodstream infections were investigated. Here, ST37 (n=4)
was the most prevalent ST followed by ST14 (n=2) while no clusters were observed. The high-risk clones
ST14, ST17, ST37, and ST101 were found among 28% of the susceptible controls.
Conclusions
These data demonstrate that the prevalence of 3GCR Kpn remains low, and that carbapenem resistance is
still rare. Similarly, transmission clusters were rarely observed among colonized patients, In contrast,
international high-risk clones are circulating in Germany forming small clusters among patients with BSI. The
present study provides epidemiological data about 3GCR and CR Kpn and may contribute to more effective
infection control.
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High prevalence of IncN plasmids drive non-species-specific KPC-2 and VIMCarbapenemase dissemination
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Infections with Carbapenem-non-susceptible Enterobacterales (CNSE) are increasing and present a challenge
for health care systems and a threat for patients worldwide. Many Carbapenemases (CR) are located on
plasmids, and easily transmissible between multiple bacterial species. Here we examine the role of
promiscuously occurring IncN plasmids in the spread of CR in regional hospitals within the state of Hesse
comprising an area of 21.000 square kilometres and 6 Mio. inhabitants between 2017 and 2019.
Whole-genome sequencing (WGS) of 472 multi-drug-resistant Gram-negative Enterobacterales isolates
sampled from 60 healthcare institutions was performed. Detailed analysis revealed that IncN plasmids
harbouring Carbapenemases were present in 84 isolates.
An identical KPC-2 Carbapenemase-carrying pST15 IncN plasmid was detected in 61 isolates of nine different
bacterial species (>35 genome types) obtained from 43 patients at 14 different healthcare institutions. These
results indicate that this blaKPC-2-carrying pST15 IncN plasmid is a highly relevant driver of non-species-related
CR dissemination, and has been responsible for plasmid-mediated, multispecies CNSE outbreaks.
A similar but not identical situation was observed for blaVIM-1-carrying IncN plasmids (ST7, n= 7, and ST7-like,
n= 16) in 23 isolates of the species S. marcescens, K. pneumoniae and C. freundii originating from 17 patients
at four hospital sites.
Epidemiological dissemination of CR via plasmids represents a significant but poorly understood challenge in
public health and hospital infection control. These transmission events are difficult to detect and have probably
been underestimated when using conventional surveillance approaches. Using WGS-based surveillance, we
were able to determine that CR-conferring IncN plasmids represented at least 25% of all detected CNSE
carrying a confirmed carbapenemase in this study. More importantly, they were almost entirely responsible for
the epidemic dissemination of the carbapenemases KPC-2 and VIM-1 over a very large catchment area in
Hesse. There is currently no information on the source of these plasmids and the basis of their mode of
interhospital spread remains to be studied.
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For most emerging virus infections, no vaccines or specific antiviral drugs are available and, in many cases,
symptomatic treatment in intensive care units remains the only possible medical intervention. A promising
alternative in outbreak situations may be the use of broadly acting antiviral drugs that, previously, have been
shown to be active against other members of the virus family that the newly emerging virus belongs to (e.g.
Flaviviridae, Coronaviridae, Filoviridae, Togaviridae, Orthomyxoviridae). To reach this ambitious goal, we
established an Antiviral Compound Testing Platform (ACTP) which aims to identify and develop potential
broad-spectrum antiviral drugs, either through novel drug screens or by determining antiviral activities of drugs
approved for other clinical applications, thus potentially allowing off-label use or compassionate use in
situations of clinical demand.
The evaluation and validation of candidate compounds as broad-spectrum antivirals requires coordinated
efforts of experts specialized in different virus families, who have the tools and expertise to perform appropriate
antiviral tests independently, but in a standardized fashion. To meet this requirement, DZIF-associated
research laboratories have recently established the ACTP, which covers a large panel of highly pathogenic
viruses with “outbreak potential” such as coronaviruses (SARS-CoV, MERS-CoV), filoviruses (Ebola),
bunyaviruses (RVFV, CCHF), flaviviruses (ZIKV, DENV, WNV), influenza viruses, arenaviruses (Lassa),
alphaviruses (CHIKV) and hantaviruses. The ACTP activities include antiviral tests with 9 (out of 10) viruses
specified in the WHO list of priority diseases (revised in 2018) and classified as “Priority diseases needing
R&D actions”. In addition to test systems based on standard cell lines, the ACTP offers systems suitable to
validate newly identified antiviral compounds in primary human cells, which is of the highest relevance if drug
candidates are to be evaluated that target host cell functions in specific clinically relevant cell types. Moreover,
depending on the virus system, the ACTP offers drug validation in animal models. To coordinate these diverse
platforms and virus-specific protocols, significant efforts have been made to develop and implement standard
operating procedures for testing antiviral compounds under standardized conditions and to optimize the
communication between the different partners involved in performing cross-site tests of large numbers of
compounds in different virus systems. With the long-term goal to provide the ACTP beyond the academic
environment, we started to establish contacts to relevant industry partners with the aim to open our ACTP to
third parties, accessible for fee-for-service and/or for collaborative projects.
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The inhibition of MERS-CoV replication by the immunosuppressive agent
Cyclosporin A and its non-immunosuppressive derivat Alisporivir
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Introduction
Since 2012, Middle East Respiratory Syndrome coronavirus (MERS-CoV) has caused nearly 800 deaths, with
a severe alveolar damage being a hallmark of disease. Drugs providing protection against MERS-CoV are
lacking. Here, we aim to define the antiviral and lung injury-attenuating properties of Cyclosporin A (CsA), an
immunomodulatory drug targeting the immunophilin/calcineurin and MAPK-pathways, which is known to
efficiently block CoV replication. Additionally, we also studied the effect of the non-immunosuppressive CsAderivate Alisporivir (ALV) on MERS-CoV replication and egress. As a basis to establish readily-available
treatment strategies for emerging severe human CoV infections we aimed at elucidating the molecular
pathways by which CsA acts during MERS-CoV infection in vitro and in vivo.
Methods
To assess the potential use of CsA as antiviral against MERS-CoV, we specifically blocked single hubs of
CsA-targeted host cell pathways which are presumably relevant for MERS-CoV replication. We used primary
cells of human alveolar epithelial origin as well as lung epithelial cell lines and analyzed MERS-CoV replication
via qPCR and particle release via TCID50. Furthermore, we analyzed the effect of CsA on interferon induction
and expression of interferon stimulated genes (ISGs) using qPCR and ELISA. Importantly, we used our MERSCoV mouse model based on adenovirus-induced overexpression of the human MERS-CoV receptor DPP4 in
the mouse lung. Using this model we could study the effects of CsA on MERS-CoV infection in vivo.
Results
We have demonstrated that CsA and ALV block MERS-CoV replication by interfering with both viral RNA
synthesis and virus particle release via immunophilin- and MAPK-dependent pathways. Importantly, our
studies show that CsA and ALV are able to induce a pronounced type III interferon (IFNλ) response leading to
the induction of interferon stimulated genes (ISGs) with antiviral activity. This effect is mediated via the
interferon regulatory transcription factor 1 (IRF1), as siRNA-mediated knockdown of IRF1 specifically reduces
the IFNλ response. Interestingly, CsA-fed mice showed high levels of IFNλ in the bronchioalveolar lavage after
6 days of feeding indicating an upregualtion of IFNs in vivo. MERS-inoculation of DPP4-transduced mice
resulted in effective viral infection and treatment with CsA was able to significantly reduce the amount of
infectious viral particles in the lungs of infected mice.
Conclusion
Using a mouse model, we were able to show that CsA is a promising therapeutic agent for combating MERSCoV infections in vivo. Since CsA is already in clinical use to prevent rejection of organ transplants, the
presented results will lead to studies on a possible repurposing of CsA against infections with highly pathogenic
coronaviruses.
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Suppression of CHI3L1 secretion by Influenza A Virus propels pneumococcal
infection of the bronchial epithelium
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Infections of the lung are among the leading causes of death worldwide. Despite the pre-activation of innate
defence programs during viral infection, secondary bacterial infection substantially elevates morbidity and
mortality rates. Particularly problematic are co-infections with Influenza A Virus and the major bacterial
pathogen Streptococcus pneumoniae. However, the molecular processes underlying the severe course of
such co-infections are not fully understood. Previously, the secreted glycoprotein Chitinase-3-like 1 (CHI3L1)
was shown to affect pneumococcal replication in mice. We therefore hypothesized that an Influenza A Virus
pre-infection impacts on CHI3L1 levels to promote pneumococcal infection. Indeed, Influenza A virus preinfection stalled apical but not basolateral CHI3L1 release in a primary human bronchial epithelial cell (hBEC)
air-liquid interface model of pneumococcal co-infection. Time-course confocal microscopy analysis revealed
that gradual loss of apical CHI3L1 localization during co-infection with Influenza and S. pneumoniae coincides
with disappearance of goblet as well as ciliated cells, and increased S. pneumoniae replication. Importantly,
restoration of extracellular CHI3L1 levels using recombinant protein significantly reduced the bacterial load in
Influenza pre-infected bronchial models. Thus, recombinant CHI3L1 may provide a novel therapeutic means
to lower morbidity and mortality associated with post-Influenza pneumococcal infections.
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Establishment of primary neuronal cultures as a novel tool to study the efficacy of
antivirals against neuronal damage of Ebola and Nipah virus infections
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Ebola (EBOV) and Nipah virus (NiV) are highly pathogenic zoonotic viruses with case fatality rates between
50 and 90%. While the brain is known to be one of the main target organs of NiV infection, neurological
complications during EBOV infection have not been observed frequently before the large outbreak in West
Africa (2013-2016). Infection with NiV may result in severe encephalitis and, in contrast, infection with EBOV
mainly results in systemic inflammation as well as hemorrhagic fever. However, acute or late-onset
neurological dysfunctions may occur, even months after recovery. Several promising antiviral therapeutics
have been tested in cell lines and animal models. Nevertheless, it is unknown if these therapeutics may also
prevent the entry of NiV and EBOV to the CNS or neurological complications.
Hence, we established protocols to obtain primary cultures of the murine olfactory epithelium (OE), which may
serve as a viral entry site, neuroglial mixed cultures (NG) and pure neuronal cultures (N) of the cortex.
To analyze the role of interferon during NiV and EBOV infection, cells of OE and cortex were isolated from
IFNAR-/- or C57Bl/6 mice. Cultures were stained with antibodies against different cellular markers to determine
the cell composition by immunofluorescence (IF). Afterwards, primary cells were infected with VSV-wt, as
model for neurotropic viruses, or rVSV-EBOV-GP expressing EBOV GP, to determine possible target cells for
EBOV under BSL-2 conditions. Additionally, cells were infected with EBOV and NiV under BSL4-conditions.
Infection was assessed by IF, qPCR or TCID50 assay.
All three primary cultures were successfully established and analyzed for changes of their cellular composition
during cultivation. The proportion of neuronal cells decreased over time. Nonetheless, a sufficient number of
all relevant cell types was present during the incubation period (up to 4 days). Primary cell cultures were
susceptible for VSV-wt, rVSV-EBOV-GP, EBOV and NiV. Interestingly, neurons as well as different types of
glia cells derived from both mouse strains were susceptible for the different viruses as determined by doublelabeling IF of the different cell types and viruses.
The established neuronal primary cell cultures may promote the investigation of neuronal target cells of EBOV
and NiV infection and represent therefore promising and urgently needed tools to test the efficacy of antiviral
compounds for different neuronal cells.
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Silvestrol and its analogs - Towards establishing a broad-spectrum antiviral approach
against newly emerging RNA viruses by inhibiting eIF4A-dependent translation
initiation mechanisms
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Recent outbreaks of newly emerging and re-emerging RNA viruses highlight the need to develop new
compounds with broad-spectrum antiviral activities. In this context, we performed studies using the plant
rocaglate silvestrol, a potent and selective inhibitor of the DEAD box RNA helicase eIF4A. This enzyme is
considered as an antitumor target because its RNA helicase activity proved to be essential for the translation
of several proto-oncogene mRNAs featuring highly structured and GC-rich 5' UTRs. Similarly, stable RNA
secondary structures can also be found in the 5' UTRs of many plus- and minus-strand RNA viruses,
suggesting critical functions for eIF4A in viral protein synthesis.
In line with this, silvestrol was recently shown to have potent antiviral activity in EBOV-infected human
macrophages (Biedenkopf et al., 2017). In subsequent studies, we and others were able to show that silvestrol
has potent antiviral activities at low nanomolar concentrations against other viruses, such as human
coronavirus 229E (HCoV-229E), MERS-CoV, poliovirus, rhinovirus (Müller et al., 2018), CHIKV (Henss et al.,
2018), ZIKV (Elgner et al., 2018), HEV (Glitscher et al., 2018), LASV and CCHFV (Oestereich, unpublished).
Unfortunately, the synthesis of silvestrol is complex and time-consuming, thus hampering the large-scale
synthesis of this compound and its subsequent use for further preclinical and clinical development.
Here, we report that a less complex synthetic rocaglate called CR-31-B (-) may be used as a novel and potent
broad-spectrum antiviral molecule. CR-31-B (-) displays antiviral activity that is comparable to that of silvestrol
and it is similarly efficient in blocking the replication of HCoV-229E and MERS-CoV in human lung fibroblasts
(MRC-5) and human airway epithelial cells. In contrast, the corresponding enantiomer of this analog (CR-31B (+)) had no effect on viral replication.
To gain more mechanistic insight into the effects of silvestrol and CR-31-B (-) on translation initiation and RNA
clamping, we compared in a dual luciferase reporter assay the inhibitory effects of both rocaglates regarding
different viral 5´-UTRs and found substantial differences between these two compounds. Like RocA, clamping
of RNA substrates onto eIF4A by CR-31-B (-) was shown to require polypurine sequences, whereas silvestrol
can also clamp polypurine-free viral RNA substrates if only a stable hairpin structure is present. While all
rocaglates share a cyclopenta[b]benzofurane skeleton, only the rocaglate silvestrol features an additional
dioxane moiety which appears to be important for silvestrol's specific mode of inhibition.
Our data (combined with the critical role of eIF4A in cellular and viral mRNA translation) suggest that eIF4A
represents an attractive antiviral target with limited risk of rapidly emerging drug-resistant virus mutants and
they identify CR-31-B, a synthetic rocaglate analog, as an alternative broad-spectrum antiviral comparable to
silvestrol.
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Illuminating the role of specific lipids in coronaviral replication to identify new
antiviral targets
C. Müller1, 2, B. Reddel1, G. Kokotos3, D. Schwudke4, 5, S. Pleschka1, 2, J. Ziebuhr1, 2
1

Medical Virology, Gießen, Germany, 2DZIF partner site, Langen-Marburg-Giessen, Germany, 3Department of
Chemistry, Athens, Greece, 4Bioanatlytical Chemistry, Research Center Borstel, Germany, 5DZIF partner site,
Hamburg-Lübeck-Borstel-Riems, Germany
As obligate intracellular parasites, viruses have evolved a plethora of strategies to manipulate the host cell
(including lipid) metabolism in order to maximize their replication. Cellular membranes and their lipid
components are utilized in virtually all steps of the viral life cycle, e.g. virus attachment and entry, intracellular
transport, genome replication and assembly. Therefore, host lipid metabolism is increasingly considered an
attractive target for antiviral interventions, with (i) good potential for displaying broad-spectrum activity and (ii)
limited potential for generating drug-resistant mutants. Lipid metabolism is also a prime target for therapeutic
intervention in a variety of human diseases, such as cardiovascular disorders, and there is a broad range of
approved, well-tolerated and effective drugs that target specific enzymes involved in lipid metabolism. Some
of these drugs have been shown to have (additional) antiviral activities.
As part of our efforts to identify cellular enzymes involved in cellular lipid metabolism and required for viral
replication, we performed lipidome analyses of human coronavirus 229E-infected cells to monitor changes of
specific lipid classes in the course of infection using shotgun lipidomics. The data suggest that specific
ceramides (Cer) and lysophospholipids (the latter being mainly produced by cytosolic phospholipase A2α
[cPLA2α]) play important roles in CoV replication. Our own and other studies also revealed that inhibition of
cPLA2α activity causes replication defects in a range of +ssRNA viruses (e.g., HCoV-229E, Middle East
respiratory syndrome-CoV, Semliki Forest virus [Müller et al., 2018], Hepatitis C virus [Menzel et al., 2012],
West Nile virus [Liebscher et al., 2018]) that all employ virus-induced replicative organelles (ROs).
Furthermore, we were able to confirm that specific enzymes involved in Cer metabolism are essential host
factors for viral replication, highlighting another approach to indirectly inhibit viral replication by targeting
enzymes involved in the synthesis and turnover of specific cellular lipids.
In conclusion, our data lead us to suggest that inhibition of enzymes involved in cellular lipid metabolism may
be a promising antiviral therapeutic approach which, at least in part, may be based on repurposing drugs that,
previously, have been approved for clinical use in other diseases.
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Pegylated interferon beta strongly reduces serological and intrahepatic Hepatitis B
virus parameters in immunodeficient humanized mice
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Pegylated interferon-alpha (peg-IFNα) remains a valuable finite therapy for chronic Hepatitis B (HBV) infection
because it provides higher rates of HBsAg seroclearance compared to treatment with polymerase inhibitors.
Peg-IFNβ, which is already used in multiple sclerosis treatment, acts on the same cellular receptor as IFNα,
however knowledge about the antiviral activity of IFNβ towards HBV is limited. Aim of this study was to
investigate whether peg-IFNβ treatment was comparable or superior to peg-IFNα by lowering viremia, levels
of circulating viral antigens and intrahepatic viral loads in vivo, in a system lacking adaptive immune response.
Methods:
Human liver chimeric uPA/SCID/IL-R2γ (USG) mice stably infected with HBV (GT D) received either peg-IFNβ
or peg-IFNα (Plegridy® and Pegasys® 25ng/gr, twice/week) for 4 weeks, while a group of control infected mice
remained untreated. Serological and intrahepatic virological changes were determined by qRT-PCR, ELISA
and immunohistochemistry.
Results:
Expression of human interferon stimulated genes (ISGs) strongly increased in peg-IFNβ treated groups (e.g.
ISG15, MXA, and OAS increased ∆2.6Log, ∆2.4Log, ∆1.8Log, respectively), compared to the untreated
controls. Such increase was similar to that determined upon peg-IFNα treatment. Compared to baseline,
median HBV DNA viremia declined ∆1.9Log and ∆1Log after peg-IFNβ and peg-IFNα treatment, respectively.
Notably, reduction of circulating HBsAg levels appeared stronger (∆1Log) after 4 weeks of peg-IFNβ
administration, compared to peg-IFNα treatment (median ∆0.5Log). Median reduction of circulating HBeAg
levels was 1Log in mice receiving peg-IFNβ and ∆0.45Log in mice receiving peg-IFNα. pgRNA in serum was
strongly reduced in both treatment groups (∆1.4Log vs ∆1.26Log). Intrahepatically, peg-IFNβ appeared slightly
superior to peg-IFNα in reducing the amount of total HBV DNA/cell (∆1.5Log vs ∆1Log), total HBV RNA
(∆0.7Log vs ∆0,5Log) and pgRNA (∆1Log vs ∆0.68Log). Remarkably, 4 weeks of peg-IFNβ treatment
promoted substantial cccDNA decrease (∆0.5Log cccDNA/cell), while ∆0.17Log was determined in IFNα
treated mice. HBcAg staining was markedly reduced in both treated groups compared to control.
Conclusions:
Administration of peg-IFNβ leads to a strong decline of all viral markers in immunodeficient humanized mice,
suggesting that peg-IFNβ may promote more profound direct antiviral effects in vivo then peg-IFNα.
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Preclinical development of a drug usually requires a liquid formulation for easy dose adjustment between
species and dose adjustment/escalation to support studies on efficacy, pharmacokinetics (PK), and toxicology.
Ideally, an active pharmaceutical ingredient (API) is highly permeable, water- soluble and stable.
Corallopyronin A (CorA), although highly permeable (Caco-2 Papp = 2.0E-05 cm/s; logP (XH) = 5.4), lacks
sufficient aqueous solubility (pH 6.5, 91 μg/ml). Preformulations have therefore focused on solubility
enhancement. At the same time, CorA is prone to isomerization, which needs to be suppressed by the liquid
and solid formulations. Solubility and stability enhanced solid oral formulation prototypes are needed for
subsequent clinical development and may yield a commercial dosage form.
The CorA API needs to reach its target, the essential Wolbachia endosymbionts of filarial nematodes, via the
bloodstream, thus, efficacy is dependent upon bioavailability (BA). To evaluate the BA of CorA-formulations,
we combine various biorelevant tools, in vitro: biphasic dissolution and in silico: physiological based PK
modeling, to predict the PK profile after oral administration. The aim is to reach high BA after oral administration
that achieves the required efficacy, while maintaining good tolerance, safety pharmacology and cost-effective
production.
Two liquid formulations with enhanced CorA-solubility have been identified: one based on PEG 400 and
phosphate buffer (PEG/PBS: up to 12 mg/ml), the other on propylene glycol, Solutol HS 15 (Polyoxyl 15
Hydroxystearate) and water (PSW: up to 40 mg/ml). The PEG-based vehicle (PEG/PBS) had superior stability
against isomerization and a 9-fold higher AUC in mice compared to PSW (drug concentration: 3.6 mg/ml, dose:
36 mg/kg). This difference could not be explained by passive diffusion as the sole absorption mechanism. As
PEG is a potent inhibitor of PGP efflux transporters and in silico tools predicted CorA to interact with PGP,
additional in vivo trials were conducted including ritonavir and verapamil as PGP inhibitors in combination with
PSW. PGP inhibition led to an increased AUC compared with the control, but was still far below the PEG/PBS
values. Thus, PGP is likely not the only active transporter involved in the absorption of CorA. Another in silico
predicted candidate is the Organic Anion Transporter Peptide (OATP1).
Formulation principles for solid oral application with promising in vitro drug release characteristics and
enhanced stability have been identified. Results from a mouse PK study assessing the impact of the active
transporters on the absorption from the solid enabling formulations will be available end of Q3 2019. The
results will narrow the array of transporters involved for decisive in vitro and in silico studies and will indicate
the constraints of efficacy in combination with CorA in solid oral dosage forms.
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Drug-drug interactions in HCV therapy - still relevant for clinical practice?
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Background and aims:
With direct-acting antivirals (DAA) drug-drug interactions (DDI) have emerged as a new challenge in treatment
of hepatitis C virus (HCV) infection. In the present study we aim to i) assess if the frequency of DDI has
changed, ii) identify patients with an increased risk for DDI, iii) assess the drugs most commonly involved and
iv) analyse the relevant interaction mechanisms.
Methods:
Patients treated with DAA at Hannover Medical School from January 2014 to July 2018 were evaluated for
their concomitant medication. They were assessed for DDI with various antiviral regimens. DDI were classified
as follows: 1) no interaction expected, 2) potential weak interaction, 3) potential significant interaction and 4)
do not coadminister. The assessment was based on data from hep-druginteractions.org and in case of missing
information expert opinions of a pharmacist and clinical pharmacologist were obtained. To evaluate changing
frequencies of DDI over time, periods were defined based on the approval of key DAA: A) January 2014 –
November 2014, B) November 2014 – August 2016 and C) August 2016 – July 2018.
Results:
Overall, 668 patients were included in the study with a mean age of 55.5 years (18-85). 45.1% of patients were
female, 45.1% had cirrhosis and 6.6% were ≥ 75 years old. 353 different substances were used in the cohort.
The median number of substances used per patient was 3 (0-19). Over time, the frequency of patients with
DDI remained stable (A: 37.1%, B: 49.6%, C: 38.8%). On average, cirrhotic patients and patients ≥ 65 years
took significantly more substances with potential significant interactions (category 3) (cirrhotic: 28.9% versus
42.5%, patients 65-74 years: 29.0% versus 56.6%, patients ≥ 75 years: 29.0% versus 59.1%). Over time,
cirrhotic patients and mean age decreased in our cohort (cirrhosis: A) 80.2%, B) 44.1% and C) 23.2%; mean
age in years: A) 55.3, B) 58.2 and C) 52.9). Patients receiving polypharmacy (≥ 8 drugs in the outpatient
medication) and old patients (≥ 75 years) increased numerically over time (polypharmacy: A) 11.1%, B) 15.2%
and C) 17.2%; old patients: A) 3.1%, B) 9.8% and C) 5.6%). Overall, 90% of patients on polypharmacy showed
at least one potential interaction.
Among the most frequent substances actually involved in category 3 and category 4 interactions with
sofosbuvir/velpatasvir, glecaprevir/pibrentasvir and elbasvir/grazoprevir were proton pump inhibitors,
metamizole, statins and carvedilol. Various DDI mechanisms occurred. Interestingly, besides typical
pharmacokinetic DDI mechanisms via P-gp (P-glycoprotein) and/or CYP (cytochrome P450) enzymes also
mechanisms via increased pH value in the stomach occurred.
Conclusions:
DDI remain common and affect about 40% of patients treated with DAA. Changes in the characteristics of the
patients are partly influencing the overall relevance of DDI in the era of modern DAA. An individualized
screening for DDI should remain the gold standard.
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Actinomycetes are producers of many secondary metabolites with various applications as medical, agricultural
and industrial. The continuously increasing genome sequencing data have revealed the presence of numerous
clusters in Actinobacteria, which might encode novel secondary metabolites with interesting biological
activities. However most of these clusters are ‘silent’ in standard laboratory conditions, different methods to
activate silent secondary metabolite clusters were developed.
Our approach is based in the activation of silent secondary metabolite clusters by using a set of regulatory
proteins from different Streptomyces strains. We have constructed four integrative plasmids containing
different classes of regulatory genes under the control of ermE*p promotor (γ-butyrolactones – GBLs – pEM1,
Global regulators – GR – pEM2, Cluster situated regulators – CSR – pEM3, and Streptomyces antibiotic
regulatory proteins – SARPs – pEM4).
Plasmids carrying different regulatory genes were introduced through conjugation into different strains of
Tuebingen strain collection. Bioassays against E. coli and B. subtilis and metabolic profile of strains
(HPLC/MS) carrying different plasmids were than compared to the bioactivity and metabolic profile of the
corresponding wild type (WT) strain. Additionally were obtained masses compared with the masses of the
natural product database.
Based on this proof of concept we now apply this strategy to screen the Tuebingen strain collection in a high
throughput manner.
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Amidochelocardin (2-carboxamido-2-deacetyl-chelocardin, CDCHD) was generated in collaboration with
AciesBio and University of Ljubljana by rational biosynthetic engineering starting from chelocardin (CHD), a
member of the atypical tetracyclines [1,2]. After successful genetic modification in Amycolatopsis sulphurea
production peak titers of about 400 mg/L were achieved [3]. These efforts resulted in a new broad-spectrum
and resistance-breaking antibiotic with promising bioactivities against several pathogens of the ESKAPE panel
(average MIC range of 1-4 µg/ml). Due to the lack of cross-resistance with known antibiotics, the good
production yield and the fact that in vivo activity for chelocardin was shown in humans during a small phase II
clinical study in 1977 [4], this DZIF-funded project aims to use amidochelocardin as frontrunner molecule in a
lead development program to nominate a (pre)clinical candidate. Optimization of CDCHD include
bioengineering and medicinal chemistry approaches as a base for extensive SAR profiling. Recently, several
novel desmethyl-analogs of (amido)chelocardin were obtained by targeted deletion of methyltransferase genes
in the biosynthetic gene cluster, and more than 60 semisynthetic analogs have been generated so far by
chemical modification of about 10 different scaffold positions [5]. CDCHD characterization by ADME-Tox and
PK/PD studies led to the selection of a urinary tract infection (UTI) model for in vivo evaluation during initial
preclinical trial studies. The positive outcome (kidney infection clearance in 62% of mice compared to 24% in
the vehicle group) allowed defining a primary TPP for the use of CDCHD to treat complicated UTIs caused by
ESBL-producing Enterobacteriaceae. The DZIF-funded project is part of the Thematic Translational Unit (TTU)
“Novel Antibiotics” (TTU 09.821: “Preclinical development of amidochelocardins”).
[1] Lukežič, T. et al. (2013) Identification of the chelocardin biosynthetic gene cluster from Amycolatopsis
sulphurea: a platform for producing novel tetracycline antibiotics. Microbiology 159:2524-2532.
[2] Petković, H. et al. (2013) Genes for biosynthesis of tetracycline compounds and uses therefore. US Patent
8361777B2.
[3] Lešnik, U. et al. (2015) Construction of a new class of tetracycline lead structures with potent antibacterial
activity through biosynthetic engineering. Angew. Chem. Int. Ed. Engl. 54:3937-3940.
[4] Molnar, V. et al. (1977) Clinico-pharmacological investigation of chelocardin in patients suffering from
urinary tract infection. Lijec Vjesn. 99:560-562.
[5] Lukežič, T. et al. (2019) Engineering atypical tetracycline formation in Amycolatopsis sulphurea for the
production of modified chelocardin antibiotics. ACS Chem. Biol. 14:468−477.
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Favipiravir (T-705; a pyrazine-based nucleobase analogue) was proven active against a panel of RNA viruses
in vitro;1 yet, reported inhibitory concentrations vary and are generally quite high (IC50=24 µM against Influenza
virus strain A/X-31 in the MDCK cell model).2 In vivo efficacy is further limited by the compound’s inefficient,
cell type-dependent metabolism that’s necessary to get to the active form, T-705 ribonucleoside 5’triphosphate (T-705 RTP; Scheme 1).3,4 Further, its potential for causing teratogenic and embryotoxic effects
limits T-705’s clinical use.5
We previously demonstrated that our DiPPro- and TriPPPro-strategy successfully enhanced the in vitro antiinfluenza virus potency of T-705’s non-fluorinated and more potent analogue T-1105.2 Here, we present latest
results on further optimizing the chemical structure of our successful prodrugs with the aim to identify
candidates with improved pan-cell type efficacy and lower teratogenic risk. Our work includes chemical
modifications of the nucleobase and ribose-moiety as well as chemical modifications at the gamma-phosphate
of the corresponding nucleoside triphosphate active forms. These derivatives are envisaged to yield improved
selectivity (antiviral versus adverse effects) and, additionally, the latter modifications prevent rapid
dephosphorylation, thus increasing the ratio of active form over inactive, intermediate metabolites (Scheme 1).
The most promising compounds will move on to being tested in the mouse and, subsequently, ferret model
against seasonal influenza and, importantly, against influenza virus strains with high pandemic risk.

Scheme 1: Metabolic activation of T-705 and T-1105 from nucleobase analogue via inactive intermediate RMP
and RDP metabolites to active RTP form and direct intracellular delivery of RDP and RTP via DiPPro- and
TriPPPro-strategy.
References:
1. Furuta, Y.; Komeno, T.; Nakamura, T. Proc. Jpn. Acad. Ser. B Phys. Biol. Sci., 2017, 93, 449-463.
2. Huchting, J.; Vanderlinden, E.; Winkler, M.; Nasser, H.; Naesens, L.; Meier, C. J Med Chem 2018, 61, 61936210.
3. Bixler, S.L. et al. Antiviral Res. 2018, 151, 50-54.
4. Huchting, J.; Vanderlinden, E.; Van Berwaer, R.; Meier, C.; Naesens, L. Antiviral Res 2019, 167, 1-5.
5. Mifsud, E. J.; Hayden, F. G.; Hurt, A. C. Antiviral Res 2019, 169, 104545.
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Identification of antibiotics that do not cause Shiga-toxin mediated renal disease in
mice infected with C. rodentium Φstx2dact
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Enterohaemorrhagic Escherichia coli (EHEC) is a food-borne pathogen that causes acute watery and bloody
diarrhea. The infection can progress to life-threatening haemolytic-uraemic syndrome (HUS), which is
characterised by acute renal failure. The disease progression observed during EHEC infections can be
attributed to the production of Shiga toxin by the bacteria. Although released at the site of infection, the toxin
spreads throughout the body and has been shown to induce cell death of renal cells, which express the toxin
receptor, Gb3, on their surface. Treatment of the infection is currently supportive and the use of antibiotics is
highly controversial due to the possibility that antibiotics induce the expression and release of Shiga toxin and
may, therefore, increase the risk of HUS development. While an array of different antibiotics has been tested
with a variety of different EHEC strains in vitro, confirmation of these findings in animals has so far been rare
due to the lack of an adequate mouse model.
In 2012, Mallick et al1 developed a mouse model based on the mouse-specific attaching and effacing (A/E)
pathogen Citrobacter rodentium, which is belongs to the same family as EHEC. They introduced the lysogenic
phage encoding Shiga toxin 2 from EHEC into C. rodentium, creating in a strain (C. rodentium Φstx2d) that
mimics a human STEC infection in mice. We previously described the adaptation and optimisation of this
mouse model for evaluation of potential inhibitors and treatment strategies of Shiga toxin-mediated
pathogenesis in vivo. Here, we assessed a number of commercially available antibiotics for their ability to
induce the production and release of Shiga toxin in vitro. To assess the effects of non-inducing antibiotics in
vivo, we used the C. rodentium Φstx2d mouse model to determine whether these substances were able to
clear the infection without detrimental effects to the host. Using the fluoroquinolone antibiotic enrofloxacin as
an example for a known Shiga toxin-inducing antibiotic, we observed that the mice showed rapid weight loss
after treatment-onset even though the infection was cleared. Kidney histology and serology for the kidney
injury marker BUN (blood urea nitrogen) showed kidney damage comparable to that observed for infected but
untreated mice. A number of tested antibiotics were able to clear the infection without resulting in kidney
damage. Interestingly, rifampicin, a protein synthesis inhibitor, was unable to clear infection at the
concentrations used in this study. Rifampicin did not, however, induce Shiga toxin-mediated kidney damage,
supporting in vitro data suggesting that rifampicin inhibits Shiga toxin production.
This data suggests that while some antibiotics induce the SOS response and increase Shiga toxin production
and release, other antibiotics may well be used as treatment options, especially as a last resort during
outbreaks.
1

Mallick EM et al. (2012). J Clin Invest. 2012 Nov;122(11).
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Background:
After viral infection the induction of interferons (IFN), IFN-stimulating genes or the NF-κB signaling pathway is
one of the first defense mechanisms of the innate immunity. On one hand there are TLR7/8 agonists that
induce cytokines and chemokines with antiviral activity like IFNs. But IFNs can also be applied directly for
treatment like pegylated IFN-α2 for treatment of hepatitis C virus (HCV) or human immunodeficiency virus
(HIV) infection. So far, there are three different types of interferons known (type I, type II and type III interferon)
which can be further divided in distinct subtypes. For IFN-α 12 subtypes are described but their antiviral activity
against viral infections is only partial analyzed and the mechanism not fully understood. Therefore, the aim of
this study is to verify if a common pattern of viral inhibition by IFN types, IFN-α subtypes or different TLR7/8
agonists between various members of the Flaviviridae is detectable.
Methods:
Human cell lines (Lunet N4-CD81, SH-5Y or THP-1) were infected with either Zika virus (ZIKV, strain
PRVABC59), Yellow fever virus (YFV, strain 17D) or HCV (Fluc-Jc1) and infectivity in the presence or absence
of IFN-α subtypes, IFN-β, IFN-γ, IFN-λ or the TLR7/8 agonists loxoribine, imiquimod or resiquimod was
determined by end-point limiting dilution assay, plaque assay or measurement of luciferase activity.
Furthermore, secretion of cytokines by virus infection or treatment was analysed using a commercial beadbased assay. Induction of interferon-stimulated genes was detected by quantitative RT-PCR.
Results:
Testing different IFN types we found a potent inhibition of ZIKV infectivity with IFN-α2 and IFN-β while IFN-γ
and IFN-λ are highly effective to inhibit YFV replication. Furthermore, all IFN-α subtypes showed antiviral
activity against HCV, YFV and ZIKV with a common pattern of IFN-α8 and IFN-α10 having the strongest
inhibitory effect on viral replication. Treating infected cells with TLR7/8 agonists led to strong inhibition of ZIKV
and YFV replication in a dose-dependent manner. Analysis of chemokines reveals an induction of IP-10 and
I-TAC after treatment with IFN-α8 but not with IFN-α2. TLR7/8 agonists strongly induce IL-6, IL-8 and I-TAC.
Conclusion:
Taking the results, all IFNs, IFN-α subtypes and TLR7/8 agonists showed antiviral activity but for IFNs there
was an obvious difference between the single subtypes with weaker inhibitory effect of IFN-α2 compared to
other IFN-α subtypes. Nevertheless, there seems to be a common pattern of IFN-α subtypes showing strong
antiviral activity in all tested members of Flaviviridae.
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Corallopyronin A: Non-GLP toxicity and safety pharmacology results support
continued development to clinical trials
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Corallopyronin A (CorA) is a novel antibiotic that inhibits bacterial DNA-dependent RNA polymerase by
binding/blocking the switch region. Therefore, it is active against rifampicin-resistant Staphylococcus aureus.
We have shown that CorA depletes Wolbachia endobacteria of filarial nematodes, leading to blocked
development, sterility and killing of the worms. During the last funding period, we achieved heterologous
expression of CorA in Myxococcus xanthus that, together with an optimized downstream protocol, yields of
>90% purity without HPLC. Formal BfArM Scientific Advice accepted the high-quality research grade material
(HQ-RGM, 90%-95%) for toxicology and safety pharmacology studies. Using HQ-RGM CorA we performed
standard non-GLP ADME and in vitro toxicity studies with CROs. Only three alerts for off-target profiling of 71
receptors and 27 kinases arose. The EC50 values of the two receptors and one enzyme are 170-1500-fold
higher than the CorA effective concentration against Wolbachia in vitro. Treating HEK 293 cells expressing
hERG potassium channels resulted in only 5.8% inhibition at the highest concentration tested (10 µM; limit of
solubility). CorA tested up to cytotoxic concentrations resulted in no micronuclei formation (chromosomal
damage) in human lymphocytes. No phototoxicity was seen in BALB/c 3T3 cells when treated with CorA up to
the limit solubility. All results indicate that CorA is non-toxic and pharmacologically safe. To finalize the preclinical toxicity and safety package we will conduct in vitro non-GLP AMES and liver toxicity tests and an in
vivo toxicity study in rodents. The results will guide selection and planning of regulatory conform GLP assays
to be conducted with EU H2020 funding. With funding from BMBF we are developing an oral solid formulation
for use in non-clinical and phase I clinical trials. The necessary CorA drug substance is heterologously
produced by HZI. The HQ-RGM CorA will be used for non-GLP in vivo toxicity and safety pharmacology studies
in rodents and non-rodents. With Flex Funds we will complete the pre-clinical phase to prepare and submit to
BfArM a clinical trial application for a first-in-human phase I study. To this end, we will contract a GMP-certified
CDMO to produce pre-GMP and GMP grade CorA after transfer of the fermentation and downstream process
protocols. With the advice from an external company and the TPMO, we have identified a suitable EU based
vendor. The pre-GMP CorA will be used in regulatory conform GLP toxicity and safety pharmacology as part
of the preclinical development package.
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Cystobactamids, potent novel Topoisomerase Inhibitors and their potential
Resistance Mechanisms
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Cystobactamids are a novel compound class originally isolated from Cystobacter spp. with an unusual
structure, a central linker flanked with substituted p-amino benzoic acid (PABA) units. Cystobactamids display
very pronounced activity against Gram-positive and Gram-negative bacteria, including enterobacteriaceae,
non-fermenters, and multidrug resistant isolates that are the causative agents of some hard-to-treat
nosocomial infections. Recent structure-activity relationship (SAR) studies showed that full spectrum coverage
in terms of antimicrobial activity (e.g. cUTI, cIAI and HAP/VAP pathogens) can be achieved by derivatization
of the scaffold. Analysis of the biosynthetic gene cluster in Cystobacter spp. revealed a resistance gene that
encodes a pentapeptide repeat protein – a known resistance factor against topoisomerase poisons. Bacterial
gyrase and topoisomerase IV were confirmed as molecular targets of the cystobactamids (IC50 in sub-μM
range) and the compounds stabilize the topo II cleavage complex, resulting in DNA double strand breaks.
Although the mode of action (MoA) of cystobactamids is similar to that of fluoroquinolones we only observed
minor cross-resistance and further structural studies with gyrase are currently pursued [1, 2]. Based on the MoA
of cystobactamids, a very low frequency of resistance (FoR) for the target pathogens (10-10 to 10-11) was
expected. Surprisingly, FoR values are in the range of 10-8 for e.g. Escherichia coli, Pseudomonas aeruginosa
and K. pneumoniae, whereas low FoR was observed for S. aureus (< 10-9) and no resistance was observed
for Citrobacter and Salmonella spp. under the conditions tested. However, in A. baumannii high FoR (10-7)
was observed. Resistance mutations rarely occurred in the gyrA gene (target mutations) and instead, all E.
coli and P. aeruginosa mutants bear disruption mutations in a largely uncharacterized two-component
regulatory system (TCS). Its disruption is described to attenuate virulence mainly due to motility reduction [3].
Resistance development and profiling is currently being extended also to key clinical pathogens.
1 S. Baumann et al., Angew. Chem. Int. Ed. 2014, 53, 14605–14609.
2 S. Hüttel et al., Angew. Chem. Int. Ed. 2017, 56.
3 W. A. Weigel and D. R. Demuth, Mol Oral Microbiol; 2016, 5.
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The DZIF accelerates the fight against antibiotic-resistant bacteria as a new member
of the CARB-X Accelerator Network
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CARB-X (Combating Antibiotic Resistant Bacteria) globally accelerates projects, which develop new drugs
against antibiotic-resistant pathogens. Since the beginning of 2019, the DZIF is one out of ten members from
six countries in the CARB-X Accelerator Network.
CARB-X focuses on funding the development of antibiotics, vaccines, diagnostics and other products from
companies, start-ups, and universities through the early stages of development to the first clinical trial phase
to accelerate their progress to the point where they can attract investment for further clinical development.
The focus is on priority multidrug-resistant bacteria, which the World Health Organisation (WHO) and the
American Centers for Disease Control and Prevention (CDC) have rated as being particularly critical. These
include multidrug-resistant bacteria such as Acinetobacter baumannii, Pseudomonas aeruginosa and different
Enterobacteriaceae including Escherichia coli, which are particularly problematic in hospitals.
The German Federal Ministry of Education and Research (BMBF) is funding the DZIF’s CARB-X membership.
This gives the DZIF the opportunity to accompany project teams on their way to acquire CARB-X funding and
to provide support and advice for project implementation. These projects are specifically supported by the
DZIF regarding fund applications, project management and regulatory and scientific advice, especially by
drawing on the expertise of the Federal Institute for Drugs and Medical Devices (BfArM) and the Paul Ehrlich
Institute (PEI).
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Inhibition of extrinsic apoptosis by cytomegalovirus determines its fitness in
presence of CD8 T cells
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Cytomegalovirus encodes several immune evasion genes including viral regulators of antigen presentation
(vRAP) i.e. m06, m152, etc., and anti-apoptotic genes like M36, M45 and M38.5. Immune evasion of CD8 T
cells contributes to viral fitness and virulence, with focus on viral genes impairing the CD8 T cell recognition of
infected cells by blocking antigen processing and presentation on MHC molecules. We developed an in vitro
co-culture system to elaborate the role of vRAPs and viral evasion of the effector activity of CD8 T cells by
UL36 (also known as vICA) or M36, the viral inhibitor of caspase-8 activation encoded by human
cytomegalovirus (HCMV) or murine CMV (MCMV), respectively. We co-cultured CMV-specific CD8 T cells and
fibroblasts infected with different variants of CMV that lack either vRAP genes, vICA or both. We assayed the
ability of the mutant viruses to grow and spread in the fibroblast monolayer in the presence of the CD8 T cells.
The viral inhibitor of caspase-8 activation vICA encoded by human cytomegalovirus (HCMV) or it murine CMV
(MCMV) counterpart pM36 are conserved cell death suppressors that bind to caspase-8 and block proapoptotic signaling. We show that they prevent antigen-specific CD8 T cells from killing infected cells and,
surprisingly, that CMV mutants lacking UL36 or M36 are more susceptible to T cell control than targets infected
with mutants lacking immunoevasive genes that repress peptide presentation on MHC-I molecules. This
mechanism of immune modulation was observed in vivo in MCMV infected animals transferred with CD8 T
cells. Finally, we identify the molecular mechanism of M36 action and show that it critically depends on its
interference with Caspase-8 signaling at a point of convergence of death receptor-induced apoptosis and
perforin/granzyme-dependent cytotoxicity.
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Introduction:
Hepatitis E virus (HEV) is a positive strand RNA virus, whose genome encodes three partially overlapping
open reading frames (ORF1-3). Infections with HEV are among the most frequent causes of acute hepatitis in
the world. Tropical HEV infections may lead to acute liver failure, especially in pregnant women, while
autochthonous HEV infections may lead to acute-on-chronic liver failure in patients with underlying liver
diseases. Current therapeutic options are limited to off-label ribavirin (RBV) and pegylated interferon-α. Thus,
alternative treatment options are urgently needed. Over the past three decades, Adeno-associated viruses
(AAVs) have been established as a very promising, safe and powerful vector for therapeutic gene delivery in
humans. Here, we engineered AAV vectors of serotype 6 (AAV6) to co-express short hairpin (sh)RNAs against
HEV transcripts, as a relevant model for future clinical treatment of HEV infections by means of liver-directed
AAV/RNAi gene therapies.
Methods:
Twenty different shRNAs targeting the HEV genome were designed, expressed from recombinant AAV6
viruses and screened for their potency to inhibit HEV replication. The effect on HEV replication was assessed
by AAV transduction of a hepatoma cell line harboring a selectable subgenomic HEV gt3 replicon (Kernow-C1
p6 strain) with a Gaussia luciferase (GLuc) reporter. The three most potent shRNAs were, either alone or in
multiplexed form, further validated with full-length HEV p6 infection. HEV infection was assessed by
immunofluorescence staining of HEV capsid protein ORF2 or quantification of viral genomes by real-time
qPCR.
Results:
We have identified multiple shRNAs that efficiently downregulate HEV replication in both HEV systems. Upon
transduction, GLuc levels secreted by the replicon cells were reduced up to 95%. In infected cells, shRNA
expression led to a reduction of ORF2-positive cells and viral copy numbers of up to 90%. The identified
inhibitory shRNAs are targeted against the Methyltransferase domain in ORF1, the junction region between
the ORFs, and the 3´cis-acting element. By targeting all three regions at the same time through multiplexing
of the shRNAs, the inhibitory potency was further enhanced.
Discussion/Conclusion:
Our data show that the approach of combining RNA interference and AAV vector-based gene therapy has
great potential to suppress HEV replication. We hope that our strategy to target the viral RNA with multiplexed
shRNAs will counteract viral escape through mutation. Concurrently, we will validate the shRNA-expressing
AAVs in induced pluripotent stem cells derived hepatocyte-like cells, a more physiologically relevant system.
Considering the widely documented safety of AAV vector-based gene therapies, our approach is, in principle,
amenable to clinical translation.
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antimalarial natural product chlorotonil
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Natural products from soil-dwelling Myxobacteria bear an enormous potential for the development of new antiinfective drugs. Main advantages compared to synthetic small molecules include structural diversity and novel
mechanisms of action.
The macrolactones chlorotonil A and B isolated from Sorangium cellulosum display nanomolar in vitro activity
against a broad range of Gram-positive pathogens including several multi-drug resistant bacteria such as
vancomycin-resistant Enterococci (VRE), methicillin-resistant and vancomycin-intermediate Staphylococcus
aureus (MRSA/VISA), and penicillin-resistant Streptococcus pneumoniae (PRSP). Interestingly, we could
show that chlorotonils also act against all blood stages of Plasmodium falciparum – including stages
responsible for transmission with IC50 values in the low nanomolar range. The compounds are highly active
against chloroquine-sensitive (3D7) and chloroquine-resistant (Dd2) strains and clinical isolates of P.
falciparum. Intriguingly, chlorotonils display oral bioavailability and are active in vivo as could be shown in
mouse models of S. aureus and P. berghei infection. The target of chlorotonils is yet to be elucidated but the
myxobacterial metabolites presumably act through a novel mechanism of action.
Although chlorotonils possess many features required for the development of a new anti-infective drug, their
poor aqueous solubility currently hampers clinical development. Thus, new derivatives from a semi-synthesis
program are currently being tested regarding their in vitro and in vivo potency along with the assessment of
physico-chemical, ADMET and pharmacokinetic (PK) properties. Our current frontrunner molecule ChB1-Epo2
displays significantly improved water solubility and retained biological activity against both, the malaria parasite
and Gram-positive pathogens causing hard-to-treat infections.
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Rising numbers of multi-drug and extensively drug resistant cases of tuberculosis (M/XDR TB) pose serious
obstacles to the treatment of TB patients. Clinicians are often left with less than enough drugs to design a
sufficient treatment regimen. In these cases, patients might benefit from therapeutic drug monitoring (TDM),
i.e. drug dosing based on the patient’s specific pharmacokinetics (PK).
In this study, TDM was applied to optimise treatment for a difficult-to-treat patient.
Materials and Methods
TDM was performed on samples from a patient infected with a totally resistant Mycobacterium tuberculosis
strain except for a low-level resistance to moxifloxacin, intermediate resistance to bedaquiline, unknown
susceptibility to meropenem, and known susceptibility to delamanid and cycloserine treated at the Medical
Clinic of the Research Center Borstel, Germany.
Minimal inhibitory concentrations (MICs) for the patient’s Mycobacterium tuberculosis isolate were determined
at the WHO Supranational Reference Centre for tuberculosis, Gauting, Germany. First- and second-line
antibiotics were tested using Sensititre MYCOTBI and UKMYC5 96-well-plates (Thermo Fisher Scientific,
Darmstadt, Germany) as well as mycobacterial growth inhibitor tubes (MGIT, Becton Dickinson, Franklin
Lakes, USA). The patient’s specific PK was determined based on seven blood samples collected prior to and
0.5, 1, 2, 4, 8, and 12 hours following drug intake.
The analysis was carried out on a high-performance liquid chromatography mass spectrometry (HPLC-MS²)
platform that is currently validated for routine use. The resulting concentrations were linearly interpolated to
calculate the area under the curve (AUC).
Results
Due to different pharmacodynamics (PD), the drugs were evaluated according to different target values (PK/PD
targets): The PK/PD target for moxifloxacin is an AUC/MIC ratio of >100. The examined patient exhibited an
AUC/MIC ratio of 32.05 (range: mean ± mean standard error: 24.52-39.57). Cycloserine was evaluated
according to the time interval in which the drug concentration was above the MIC (t>MIC). The PK/PD target
was >30%. The cycloserine measurement was troubled by sensitivity issues so that t>MIC could only be
estimated to be 95%. No MIC test for meropenem was available. Therefore, we simulated the PK/PD target
t>MIC over several MICs. t>MIC was sufficient (>60%) up to a MIC of 4 µg/ml. The PK/PD target for bedaquiline
was minimal concentration (Cmin). The measured Cmin of 1.15 µg/ml (0.89-1.4) was clearly above the target
Cmin of 0.4µgUml. Delamanid had no PK/PD target at all, but we found our patient to comply with published
concentration ranges.
Conclusions
A novel TDM assay was successfully applied to an extensively drug resistant patient. The assay’s performance
was satisfying except for cycloserine sensitivity issues. This patient is a good example of how TDM can be
applied to improve and push the boundaries of TB therapy.
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Introduction
Ways to combat methicillin-resistant Staphylococcus aureus (MRSA) by alternative de-colonization and
infection control measures are urgently needed. HY-133 (HYpharm GmbH) – a recombinant phage endolysin
– is a novel agent for nasal de-colonization of patients carrying S. aureus. HY-133 has already been
demonstrated to be highly active against a multitude of S. aureus clonal lineages and phenotypes, such as
small-colony variants. Although time-kill curves (TKC) revealed a fast bactericidal effect for even low amounts
of HY-133, a rapid regrowth was observed, the mechanisms of which remained unclear. This study was
designed to elucidate the nature of this regrowth phenomenon and to study in detail the in vitro test conditions
that favor or prevent it.
Materials and Methods
S. aureus strain ATCC 29213 was used in all experiments, which were carried out using CLSI guidelines where
appropriate. Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of HY133 were evaluated by broth microdilution. By means of TKC, HY-133’s killing kinetics were analyzed under
different environmental conditions and for different levels and intervals of the substance’s dosage. Stability
and activity of HY-133 were also determined under different environmental conditions via SDS-PAGE and
applying the HY-133 Activity Assay Kit (HYpharm GmbH, Bernried) following the manufacturer’s instructions.
Scanning electron microscopy (SEM) was used to visualize the impact of different culture flask materials on
HY-133’s efficacy.
Results
For ATCC 29213, HY-133 MIC and MBC were 0.5 µg/mL. TKC showed a decrease in CFU/mL within the first
hour of incubation for all HY-133 concentrations with 4x MIC being the lowest concentration yealding a ≥3log10 reduction in CFU/mL. After prolonged incubation at 160 rpm in baffled glass flasks, regrowth was
observed for all concentrations resulting in cell numbers mirroring those of the growth control after 24 h.
Increase of MIC (up to 64-fold) or multiple HY-133 doses at different time points during TKC could not
compensate this effect. Systematic pre-incubation of HY-133 revealed a complete loss of action against the
test strain after only 1 h of pre-incubation at 160 rpm in baffled glass flasks. Via TKC, SDS-PAGE, HY-133
Activity Assay and SEM it could be shown that the combination of unfavorable shape and material of the culture
vessel used for the experimental setup caused the loss of function of the enzyme. When using non-baffled
polypropylen vessels, however, it was found that HY-133 remained fully active at 160 rpm, thus preventing
regrowth of the S. aureus culture.
Conclusion
In this study, distinct factors impairing HY-133’s in vitro stability and activity were identified, which are vital for
future manufacturing processes and therapeutic applications. Moreover, optimized conditions of in vitro
susceptibility tests for this enzyme were established.
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Flaviviruses including Dengue virus (DENV), West Nile virus (WNV), yellow fever virus (YFV), Japanese
encephalitis virus (JEV), Zika virus (ZIKV), etc. threaten human health on a global scale. In recent years, Usutu
virus (USUV) has been widely circulating in birds in several European countries including Germany and may
have zoonotic potential (Gaibani & Rossini, 2017). The development of broad-spectrum antiviral drugs against
these threatening viruses is mandatory.
Non-structural protein 3 (NS3) of flaviviruses is a multifunctional enzyme; the N-terminal domain comprises
residues 1–170 harboring the protease activity (Lei et al., 2016), and the C-terminal two thirds contain the
helicase domain with the helicase, nucleoside triphosphatase (NTPase), and RNA triphosphatase activities
(Tay & Vasudevan, 2018). Therefore, NS3 of flaviviruses is one of the major potential targets for anti-flavivirus
therapeutics.
In the past few years, our group together with collaborators has made great efforts in developing broadspectrum antivirals against the NS2B-NS3 protease of selected flaviviruses. A series of peptidomimitics with
boronic acid warhead were tested against several flavivirus proteases in vitro; some of these showed
nanomolar-range activities (Nitsche et al., 2017). In addition, two crystal structures of the viral protease (WNV
and ZIKV) in complex with the lead compound cn-716 have been determined to elucidate the binding mode
(Lei et al., 2016; Nitsche et al., 2017).
Since last year, we have expanded our efforts in developing broad-spectrum antiflavivirus drugs to include the
NS3 helicase as a target. Interestingly, during cocrystallization studies of ZIKV helicase with its inhibitors, we
captured the P loop (involved in NTP hydrolysis) in different conformations in two crystal structures. In one of
them, the P loop adopts the tight conformation as seen in the majority of structures deposited in the Protein
Data Bank (PDB). However, in the other, NTP- and RNA-free structure, the P loop moved towards the solvent
resulting in a wider ATP binding-cleft and corresponding to a relaxed state. These crystal structures provide
information on the dynamics of the NS3 helicase as a molecular machine; such information will be essential
for drug design efforts by us and others.
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In 2017 about 36.9 Mio people globally (estimated by World Health Organisation) were infected with HIV.
Despite great improvements in anti-retroviral therapy and treatment coverage, HIV infections remain incurable,
chronic diseases. The C-C motif chemokine receptor (CCR5) is the main co-receptor of M-tropic HIV-1 strains
during early infection. Protecting T cell subsets from de-novo infections by CCR5 knockout in autologous CD4+T cells could aid HIV-positive patients to control their viremia. In our lab we developed a novel TALEN, namely
CCR5-Uco-TALEN, which facilitates regularly high CCR5-knockout rates of > 50% in primary T cells, while
showing low off-target activity. Lately, we improved safety of our CCR5-Uco-TALEN further by replacing the
wildtype homodimeric Fok1-binding domain against a codon-optimised, obligatory heterodimeric Fok1-variant.
This variant reduces the number of possible off-targets significantly since most possible off-targets are caused
by one TALEN arm only. While CCR5 on-target activity remains within the same range, we detected no
cleavage at the previously confirmed off-target GPC5 (Glypican 5) with the CCR5-Uco-hetTALEN variant.
Moreover, we enhanced in vitro production of CCR5-Uco-hetTALEN mRNA by integrating a poly(A)-tail into
the production plasmid. A poly(A)-containing plasmid decreases not only batch-to-batch differences in mRNA
production, but also reduces costs, especially in large-scale productions. In addition, we developed new
droplet-digital-PCR-based assays to detect large deletions (>15 kb) and translocations caused by the CCR5Uco-hetTALEN between the on-target side CCR5 and the off-target CCR2. Furthermore, we monitored gene
editing kinetics over 144 h showing that CCR5 insertion and deletion rates stay constant 72 h after
electroporation with our CCR5-Uco-hetTALEN. Largest increase in CCR5 editing occurs during 12 h-24 h post
treatment. Most importantly we are developing a protocol at the CliniMACS Prodigy from Miltenyi to up-scale
our process of CD4+ T cell separation, activation, TALEN-treatment and expansion for clinical purposes.
Preliminary results show high gene editing frequencies of >75% at the CCR5 on-target site and cell counts of
up to 5x109 cells per process after an expansion phase of 9 days post electroporation. In further validation
steps we will finalise our protocol and prepare for GMP-grade production.
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From studies with susceptible cancer cells we know that cyclophilin inhibitors abolish coronavirus (CoV)
replication. Primary human bronchial epithelial cells (pHBECs) represent an ideal model for CoV infection close
to the in vivo situation in humans. pHBECs isolated from three patients, were infected with HCoV-229E and
HCoV-NL63 and treated with immunosuppressive cyclosporin A (CsA) and non-immunosuppressive Alisporivir
(ALV) cyclophilin inhibitors. Our results show that CsA as well as ALV strongly inhibit viral replication without
impairing viability of the primary cells. This indicates that ALV is a very promising drug candidate without
immunosuppressive side effect to treat HCoVs-infected patients. In addition, antiviral factor p53 antagonizing
HCoV replication is clearly upregulated upon treatment of infected cells with CsA and ALV at the protein level,
suggesting mechanisms of drug action on viral replication. In contrast, the protein level of cyclophilin B strongly
decreases after treatment of CsA and ALV. A number of immune responsive genes, tested at the mRNA level
after infection and drug treatment, will are discussed.
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Coronaviruses are positive stranded RNA viruses that cause pathogenicities ranging from common colds to
fatal diseases in humans and other mammals as well, thus creating strong hazards regarding global health
and lifestock industry as well.
We exposed HCoV-NL63 in CaCo2 cell culture to rising concentrations of the cyclophilin inhibitors Alisporivir
(ALV), Cyclophilin A (CsA) and NIM811 and sequenced the genomes of these virus populations using Illumina
sequencing. Analysing the sensitivity of these virus populations towards the inhibitiors we were able to identify
mutational hot spots giving hints towards mechansims of action of Cyclophilin inhibitors against Coronaviruses
and possible resistance mechanisms.
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The Kaposi’s sarcoma-associated herpesvirus (KSHV) is a prominent tumor-inducing herpesvirus (Human
Herpesvirus HHV-8).1 In previous studies, it has been shown that the Latency-Associated Nuclear Antigen
(LANA) is required for the latent viral replication and persistence of KSHV. It acts via tethering the virus
episome to the host chromatin and exerts functions in the host cell like transcriptional control and stable
episome segregation during mitosis.2
Based on this knowledge, we applied a biophysical screening cascade and identified the first LANA binders
from small, structurally diverse compound libraries. Starting from a fragment-sized scaffold, we generated
optimized hits via fragment growing using a dedicated fluorescence-polarization-based assay as the
structure−activity-relationship driver. We improved compound potency to the double-digit micromolar range.
Importantly, we qualified the resulting hit through orthogonal methods employing EMSA, STD-NMR, and MST
methodologies.3
In a second approach, we used Phage Display Technology, which is a facile method for obtaining targetbinding scFvs (single-chain variable fragments).4 After three panning rounds with a HAL9/10 library containing
1.5 x 1010 individual antibody fragments, we expressed the amplified scFvs in solution and checked them with
an ELISA assay for functionality. By this means, we obtained five different scFv sequences against LANA. The
expressed and purified scFvs will be used for Fluorescence Polarization Assays and Crystallization studies in
the future.
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The rapid emerge of infections caused by antibiotic-resistant pathogens represents a substantial global
disease burden. Compounding this critical situation, the number of novel antibiotics developed declines. The
bacterial cell wall biosynthesis network is historically known to be an effective target for antibiotic treatment
and still remains the clinically most relevant drug target. Cell wall biosynthesis reactions, especially
peptidoglycan biosynthesis and turnover, are highly coordinated and tightly controlled processes and a
disruption results in weakening of the cell wall structure and subsequent cell lysis.
Here we report on small molecule compounds inhibiting cell wall biosynthesis with potent activity against drugresistant Gram-positive bacteria including Streptococcus pneumoniae as well as vancomycin- and
daptomycin-resistant Staphylococcus aureus. In this study investigations of the mechanism of action were
performed via whole cell assays and selected in vitro test systems, revealing interference of these compounds
with the lipid II cycle. Importantly, no resistant mutant could be isolated so far.
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Kaposi’s sarcoma-associated herpesvirus (KSHV) is the causative agent of Kaposi’s Sarcoma, primary
effusion lymphoma (PEL) and multicentric Castelman’s disease (MCD). The KSHV non-structural membrane
protein encoded by orf K15 (pK15) is involved in KSHV pathogenesis, in particular the increased invasiveness
and angiogenic properties of infected endothelial cells (Bala et al., PLoS Path. 2012; Gramolelli et al., PLoS
Path. 2015) and plays a role in KSHV reactivation from latency (Abere et al., PLoS Path. 2017; J. Virol. 2018).
pK15 recruits and activates the cellular protein phospholipase Cγ1 (PLCγ1), thereby inducing NFATdependent signaling pathways that result in the expression of a group of cellular proteins with a role in
angiogenesis. We showed that the interaction of the cytoplasmic domain of pK15 with PLCγ1 involves
phosphorylation of Y481 in the pK15 cytoplasmic domain to recruit the tandem SH2 domain of PLCγ1; this
interaction occurs mainly via the PLCγ1 c-terminal SH2 domain (cSH2). The crystal structure of the PLCγ1
tandem SH2 domain in complex with a phosphorylated pK15 peptide (aa 478-489) revealed the molecular
determinants of this interaction. To target this interaction with a small molecule, we screened compound
libraries and identified two hit compounds that interfere with pK15-dependent PLCγ1 phosphorylation as well
as virus reactivation. Structure-activity relationship (SAR) studies on one of these led to two compounds that
inhibit KSHV lytic reactivation at low micromolar/submicromolar concentrations. Our best compounds also
inhibit the replication of an adenoviral vector and of HSV. These findings suggest that the pK15-dependent
activation of PLCγ1 could represent a novel therapeutic target to antagonize KSHV reactivation and
pathogenesis and that the activation of PLC γ1 in infected cells could represent a more broadly applicable
antiviral target.
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The cyclophilin inhibitors Cyclosporin A (CsA) and its non-immunosuppressive derivative Alisporivir exert
broad-spectrum activity against coronaviruses. However, their antiviral mechanisms remain unclear.
Immunofluorescence microscopy studies of 229E-infected Huh7 cells reveal the re-localization and
accumulation of cyclophilin B (CypB) in condensed bleb-like structures of the ER. Treatment with CsA and
ALV downregulates CypB protein levels and causes the translocation of CypB from a homogeneous
cytoplasmic distribution in untreated cells to nucleolar structures in the nucleus. The inhibitors do not affect the
homogeneous cytoplasmic and nuclear distribution of cyclophilin A (CypA). In addition, we find a clear
interaction between the 229E nucleocapsid protein and CypA (not CypB). The interruption of this interaction
by CsA and its derivatives like Alisporivir leads to a better understanding of how Cyp inhibitors suppress viral
replication.
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Allogeneic stem cell transplantation and solid organ transplantation are curative treatments for a variety of
diseases. However, delayed immune reconstitution leaves the transplant recipient susceptible to infections
such as the highly prevalent cytomegalovirus (CMV), Epstein-Barr virus (EBV) and adenovirus (AdV). In the
immunocompetent host these viruses are typically well controlled, but often cause life-threatening conditions
in the immunocompromised patient.
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 therapy for the restoration of viral immunity
(e.g. Schmitt et al, Transfusion 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 T cell receptor (TCR)-engineered cells would be independent of the donor’s serological status.
Furthermore, this approach allows application of in-depth characterized TCRs with proven functionality. A
critical challenge for this therapeutic strategy is the identification of suitable TCRs and the production of a safe
and potent TCR transgenic T cell graft.
We developed methods for high-throughput reliable TCR identification and built up a comprehensive library of
CMV-, EBV- and AdV-specific TCRs. Using this large data set, we try to identify reliable markers for highly
functional TCRs. For this, we transgenically express these TCRs and assess their functional, as well as
structural avidity via the Koff rate assay (Nauerth et al, Sci.Transl.Med. 2013).
However, an in-depth characterized functional receptor is only one crucial component for providing engineered
T cells with predictable in vivo functionality. Recent studies have shown that cell phenotype (Graef et al,
Immunity 2014) and TCR gene delivery (Eyquem et al. Nature 2017) need to be considered for the production
of an optimal TCR transgenic T cell graft, as well. Thus, we’re using the Crispr/Cas9 technology for controlled
knock-in of transgenic TCRs into its natural gene locus and are further investigating the effects of different
TCR constructs and protocols on T cell graft potency.
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Bacterial genome sequencing in conjunction with bioinformatic 'mining' approaches has led to the detection of
a multitude of hypothetical biosynthetic gene clusters (BGCs), suggesting an enormous potential for synthesis
of diverse metabolites. For the vast majority of these BGCs, however, associated metabolites are currently
unknown.
We have integrated a dataset of genome sequences and experimental secondary metabolomics data from 78
S. cellulosum strains to identify statistical associations between BGCs and the production of potentially
biotechnologically useful metabolites. We detected a total of 3,658 BGCs in 78 S. cellulosum genomes and
classified these into 954 families of unique BGCs based on their sequence similarities. By combining highresolution mass spectrometry with our in-house myxobase data warehouse, the same strains were
investigated for their metabolite production under controlled conditions, leading to the identification of 523
distinct molecular features from secondary metabolites specific for the suborder Sorangiineae. Associations
between BGC families and metabolite features were investigated by applying a maximum-likelihood approach,
considering the genome-based phylogeny of S. cellulosum. As a result, 110 BGC families were found to be
statistically associated with specific metabolite features, including several correct links which had been fully
chemically characterized previously.
Our results demonstrate that statistical association analysis is a powerful tool for accelerating the identification
of links between genes and secondary metabolites, which is a prerequisite for understanding bacterial
biosynthetic potential, for investigating its genetic regulation, and for using synthetic biology approaches for
rational engineering of molecules.
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Kaposi´s Sarcoma-associated herpesvirus (KSHV or HHV-8) is an oncogenic human γ-herpesvirus and the
etiological agent of Kaposi´s Sarcoma KS, the plasma cell variant of multicentric Castelman´s disease (MCD)
and primary effusion lymphoma (PEL). Current treatments are unsatisfactory, resulting in an urgent need to
develop novel KSHV drugs.
We screened a library of 18,656 small molecules in order to identify some that are able to abrogate KSHV lytic
reactivation. Using classical cell-based assays combined with the medicinal chemistry approach 12 inhibitors
of the early KSHV lytic replication phase were selected for future characterization. Among these 12 compounds
PANH-165 was selected for further studies. It has an IC50 of 0.9µM and inhibits the expression of KSHV early
lytic genes in B- and epithelial cells. PANH-165 also inhibits Varicella Zoster (VZV) and Adenovirus lytic
replication. We tested more than 100 commercially available and in-house synthesized PANH-165 derivatives
to obtain first SAR data. We are in the process of identifying the PAN-165 viral or cellular target using ‘targetfishing’ with suitable derivative compounds or a thermal shift assay combined with mass spectrometry.
Our findings suggest that PANH-165 is a promising candidate for a novel class of inhibitors with broad antiviral
properties.
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The intracellular receptor STING (Stimulator of Interferon Genes) senses cyclic dinucleotides (CDN), leading
to induction of type I interferon and proinflammatory cytokines. STING is an essential receptor of the
endogenous second messenger 2’3’-cyclic GMP-AMP (2’3’-cGAMP) produced by cGAMP-Synthase (cGAS)
in response to cytosolic DNA. However, STING can also be activated by bacterial CDN, such as cyclic di-AMP,
which is produced by Listeria monocytogenes and other gram-positive bacteria. Several STING agonists are
currently in clinical trials for cancer therapy but might also be harnessed for treatment of infectious diseases.
In humans, five common STING alleles exist that vary in their sensitivity and ligand preferences, which may
result in physiologically relevant differences in pathogen recognition between individuals and hold implications
for therapeutic STING activation.
We thoroughly characterized the responses of human STING alleles to various CDN in different cellular
systems, including transient luciferase reporter assays, lentivirally reconstituted cGAS and STING-deficient
THP-1 cell lines as well as CRISPR/Cas9 HDR-generated STING-mutant lines. Cells were stimulated with
bacterial CDN as well as mammalian 2’3’-cGAMP and ADU-S100 or infected with L. monocytogenes.
In contrast to a previous report, we found that the type I IFN response to L. monocytogenes infection was
critically dependent on STING but independent of cGAS. Furthermore, two human STING variants that we
determined to be weakly responsive to cyclic di-AMP also failed to efficiently detect L. monocytogenes. While
mammalian 2’3’-cGAMP activated murine as well as all tested human STING variants to a similar degree, the
most common bacterial CDN, cyclic-di-GMP, was efficiently detected by murine yet not human STING.
Our results suggest that the primary type I IFN inducer during infection of monocytes by L. monocytogenes in
humans is cyclic-di-AMP, which is directly sensed by STING. However, STING genotype strongly affects
responsiveness, and approximately 2.5% of humans homozygously carry cyclic di-AMP unresponsive alleles,
and therefore should not be able to mount a STING-dependent response to infection with intracellular grampositive pathogens. Moreover, stark differences in CDN recognition between individual alleles might require
genotype-specific STING agonist dosage in patients. Further studies will be needed to determine the impact
of STING genotype on clinical bacterial infection and to develop personalized treatment options.
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Natural products are organic compounds, produced by organisms to aid their survivability. They have been
used for thousands of years for many purposes ranging from flavorings to potential medicines. Today, more
than 90% of antibiotics used in the clinic are derived from natural products produced. However, the rapid
evolution rate of bacteria quickly closes the gap between medicine and disease and antibiotic resistant
pathogens threaten to become one of the major health challenges. Thus, there is an urgent need to find new
antibiotics in order to gain the upper hand in the war against infectious diseases.
Some of the main problems of traditional drug discovery methods are the intensive labor, excessive time
consumption, high rate of rediscovery and low product yields. These problems led researchers to search for
more effective ways to guide wet lab experiments. With the enormous advancements in sequencing methods
and the amount of available genomic data, computational approaches like genome mining have become a
viable alternative. Genome mining methods bioinformatically identify the genes and enzymes responsible for
antibiotic biosynthesis and predict structure and class of the encoded natural product. Targeted chemical
analysis or heterologous expression of the biosynthetic gene cluster subsequently allow compound isolation
and structure elucidation.
With the tens of thousands of bacterial genomes available today, easy-to-use and precise bioinformatic
pipelines are needed to enhance and expedite genome mining approaches and the discovery of novel natural
products as potential antibiotic drug leads.
Herein we describe two independent tools to find and prioritize potential novel drug targets as well as antibiotic
gene clusters and to increase the yield of natural products from predicted biosynthetic gene clusters. The
Antibiotic Resistant Target Seeker (ARTS) 2.0 is an easy-to-use web server for the prioritization of biosynthetic
gene clusters with high potential to encode antibiotics with novel mode of actions. ARTS uses a method called
target directed genome mining, based on the self-resistance of the antibiotic producer in order to avoid suicide.
In addition, we are developing tools to enable easy analysis of RNA sequencing data specific to antibiotic gene
clusters that facilitate the analysis and optimization of production rates of bacterial secondary metabolites.
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Among health-care associated pathogens Staphylococcus aureus is a major cause of deaths. The ability to
spontaneously develop or acquire factors that render S. aureus resistant to nearly all modern antibiotics
underlines the urgency to find novel cellular targets and antimicrobial compounds that kill or inhibit growth of
S. aureus. Some of the most effective and selective antibiotic targets are enzymes and specific molecules
involved in the synthesis of the bacterial cell wall. D-alanine is a rather scarce D-amino acid in bacterial cells,
but is ubiquitously present in the staphylococcal cell wall, as it is part of the stem peptide of peptidoglycan. It
is furthermore used to modify teichoic acids and thereby contributes to an altered surface charge of the
bacterial cell. In order to find new anti-staphylococcal compounds we have established four high-throughput
in vitro screening assays focusing on different D-alanine-metabolising-enzymes involved in cell growth,
antibiotic resistance and virulence. These show no homology with human enzymes, making them attractive
targets for selective antimicrobial drugs. All assays are based on the highly sensitive quantification of D-alanine
by the means of a D-amino acid oxidase (method adapted from Gutheil et al. [1]). Herein, we show the potential
of applying highly sensitive D-alanine quantification for the assessment of enzymatic activity of the S. aureus
proteins PBP4, Alr1 and Alr2, as well as for the determination of D-alanylation of teichoic acids catalysed by
enzymes of the dlt-operon and its use in high-throughput screenings of compound libraries for novel narrow
spectrum antibiotic compounds.
[1] Gutheil W. G., Stefanova M. E., Nicholas R. A. „Fluorescent coupled enzyme assays for D-alanine:
application to penicillin-binding protein and vancomycin activity assays.“ Analytical Biochemistry. 287 (2000):
196-202.
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Lead optimization and characterization of a class of small molecule inhibitors
targeting the LMP1–TRAF2 protein-protein interaction
F. Giehler1, 2, S. Blazy3, P. Kirsch4, 5, M. Ostertag6, Y. Chen7, K. Schorpp8, S. Dornauer8, K. Hadian8, G.
Popowicz6, M. Empting4, 5, O. Plettenburg3, J. Kirchmair7, 9, 10, A. Kieser1, 2
1

Helmholtz Center Munich, Research Unit Gene Vectors, Munich, Germany, 2German Center for Infection
Research, Partner Site Munich, Munich, Germany, 3Helmholtz Center Munich, Institute of Medical Chemistry,
Leibnitz Universität Hannover, Hannover, Germany, 4Helmholtz Center for Infection Research, Helmholtz
Institute for Pharmaceutical Research Saarland, Department of Drug Design and Optimization, Saarbrücken,
Germany, 5German Center for Infection Research, Partner Site Hannover-Braunschweig, Saarbrücken,
Germany, 6Helmholtz Center Munich, Institute of Structural Biology, München, Germany, 7Universität
Hamburg, Center for Bioinformatics, Hamburg, Germany, 8Helmholtz Center Munich, Assay Development and
Screening Platform, Munich, Germany, 9University of Bergen, Department of Chemistry, Bergen, Norway,
10
University of Bergen, Computational Biology Unit, Bergen, Norway
Epstein-Barr virus (EBV) is associated with several severe diseases, which include post-transplant or
Hodgkin's lymphoma as well as nasopharyngeal carcinoma. Transformation of host cells by EBV depends on
its oncoprotein latent membrane protein 1 (LMP1), which activates cellular signaling pathways by recruiting
members of the cellular TNF receptor-associated factor (TRAF) protein family to its C-terminal activation
regions (CTAR) 1 and 2. The interaction of TRAF2 with CTAR1 is critical for signal transduction by LMP1 and
mediates survival of EBV-transformed B cells. Our project aims at the development of small molecule inhibitors
that disrupt the LMP1–TRAF2 protein-protein interaction (PPI) and thereby induce cell death of EBVtransformed tumor cells. At present we are focusing on the lead optimization process of the inhibitor class
EN254, which was originally identified in one of our high-troughput screenings for LMP1-TRAF2 protein-protein
interaction inhbitors. In the first phase, we explored the structure activity relationship using commercially
available analogues. Based on the gained information and structural data we established structure-guided
development of improved derivatives. We discovered compounds with IC50 values in the single-digit mM range
vs. LMP1-TRAF2. The derivative Z370 causes degradation of the target TRAF2 in cell culture whilst LMP1 or
unrelated cellular proteins were not affected. Furthermore, Z370 interferes with the induction of NF-kB and
JNK signaling by LMP1 and promotes cell death of EBV-transformed B-cells at low single-digit mM
concentrations, while it shows no cytotoxicity in HEK293 and HepG2 cells at effective concentrations. In
preparation of pre-clinical studies in mouse models, in vitro ADME and metabolism studies were conducted.
Z370 showed promising plasma stability, moderate plasma protein binding and reasonable metabolic stability
in liver microsomes. Metabolites were identified. Initial pharmacological studies in mice via different application
routes showed an oral bioavailability of Z370 of 42%. Notably, no acute toxicity of Z370 was observed. In
summary, we have identified a promising class of LMP1-TRAF2 inhibitors, which will be further developed
towards an anti-EBV drug.
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Characterization of MHC class II-restricted T-cell receptors for T-cell therapy of HBV
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Hepatitis B virus (HBV) infection remains a severe health problem with current treatment options being unable
to achieve viral clearance. Since virus eradication is accompanied by a strong T-cell response in patients with
resolved infection, adoptive T-cell therapy represents a promising therapeutic approach. CD4+ T cells are
known to play an important role in resolving HBV infection and may therefore potentially benefit T-cell therapy.
We therefore identified, cloned and characterized MHC class II-restricted HBV-specific TCRs from donors with
cleared HBV infection.
A total of 23 TCRs specific for eight different epitopes from HBV envelope, core or polymerase protein were
generated. All TCRs were expressed on primary T cells through retroviral transduction with transduction rates
ranging from 65-85%. TCR genome integration was limited to under five integrates per cell, as determined by
qPCR. Seven different MHC class II restrictions were identified by co-culture with single HLA-transfected target
cells as well as partially matched lymphoblastoid cell lines. 17 TCRs recognized at least three HBV genotype
variants and 12 TCRs had a high binding affinity with EC50 values in a low nanomolar range. 20 TCRs were
capable of activating CD8+ T cells, inducing strong granzyme B secretion.
Taken together, our set of 23 MHC class II-restricted TCRs recognizes epitopes derived from HBV core,
surface and polymerase protein. These TCRs enable both CD4+ and CD8+ T cells to detect antigen on MHC
class II in a nanomolar range, resulting in antigen-specific T-cell activation.
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The role of Cyclophilin-binding compounds in Zika virus replication
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After the outbreak in the South Americas in 2015, Zika virus got into focus of global research. Especially the
association of Zika virus with an increasing number of microcephaly in infants and the lack of vaccines and
effective antiviral drugs lead to a new effort in understanding the dynamics of Zika viral infection. Since our lab
is specialized in the role of Cyclophilins in Coronavirus replication, we became interested in the idea of
Cyclophilins also being involved in the replication of Zika virus.
In earlier experiments with Coronaviruses we have already shown, that treating cells with commonly known
Cyclophilin targeting compounds like Cyclosporin A or its non-immunosuppressive derivative Alisporivir leads
to an inhibition of coronaviral replication. In a similar experimental setting we also tested potential inhibition of
Zika virus replication using these compounds. Since we discovered cell type specific inhibition it is likely that
cyclophilins are involved in Zika viral replication. Therefore we hypothesize, that inhibiting specific virus-host
protein-protein interactions might be the reason for a lower replication rate in the tested cell lines. Due to the
mode of action of Alisporivir in Hepatitis C viral replication we first focused on the interaction between host cell
Cyclophilin A and viral NS5.
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The hallmark of tuberculosis (TB) is the granuloma with a necrotic center surrounded by a fibrous capsule. For
a successful treatment of TB patients, antibiotics have to breach the fibrous cuff and diffuse through the
acellular center to reach their bacterial targets. Interestingly, the patterns of drug penetration into necrotic
lesions are remarkably drug specific. Consequently, in order to improve the preclinical validation of novel drug
candidates, animal models reflecting human pulmonary pathology are of particular importance. However,
Mycobacterium tuberculosis (Mtb) infection of most wild-type mouse strains does not result in a human-like
pathology so that the standard mouse model is currently challenged and alternative preclinical models are
urgently needed.
Mtb-infected interleukin-13 overexpressing (IL-13tg) mice develop centrally necrotizing granulomas that are
surrounded by foamy macrophages and demarcated by a fibrous capsule. Since these mice greatly reflect the
pathology of human post-primary TB they are a promising tool for the evaluation of novel anti TB drugs and
regimens. The compound BTZ043 belongs to the class of benzothiazinones and targets the biosynthesis of
the mycobacterial cell wall. In vitro BTZ043 has a nanomolar bactericidal activity and is active against MDRclinical isolates. To investigate the efficacy of BTZ043 further in vivo, we exploited two different mouse models
of chronic Mtb infection. The maximal achievable microbiological effect of BTZ043 was determined in the
standard BALB/c mouse model. In order to study the efficacy and drug penetration under more physiological
human-like conditions, IL-13tg mice were treated either with BTZ043 monotherapy or a combination of
pyrazinamide, clofazimine and rifampicin at the onset of granuloma necrosis. Interestingly, only 10 days of
therapy with either regimen reduced the bacterial burden in the lungs remarkably. In order to determine the
localization of drugs within necrotizing granulomas of IL-13tg mice we established a method to inactivate Mtb
without affecting the pulmonary drug concentration or lung morphology. Consequently, by exploiting the novel
IL-13tg mouse model the activity as well as the temporal and spatial distribution of drugs under conditions of
centrally necrotizing granulomas can be investigated resulting in an improved preclinical validation of novel
anti TB drugs and regimens.
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Pseudomonas aeruginosacauses a substantial number of nosocomial infections and is the leading cause of
death of cystic fibrosis patients. This Gram-negative bacterium is highly resistant against antibiotics and further
protects itself by forming a biofilm. Moreover, a high genomic variability among clinical isolates complicates
therapy.
Its lectin LecB, a carbohydrate-binding protein, is a virulence factor and necessary for adhesion and biofilm
formation.[1] We analyzed the sequence of LecB variants in a library of clinical bacterial isolates and
demonstrate that it can serve as a marker for strain family classification. LecB from the highly virulent model
strain PA14 presents 13% sequence divergence with LecB from the well characterized PAO1 strain. Despite
several amino acid variations at the carbohydrate binding site, glycan array analysis showed a comparable
binding specificity for both variants.[2]
Based on the crystal structures of the lectin with its glycan ligands, we dissected the contributions of individual
functional groups to protein binding in a biophysics-guided approach. This knowledge was then used for the
development of small and drug-like glycan-based molecules as LecB inhibitors as future anti-biofilm
compounds in chronic P. aeruginosainfections.[3-7] Multiparameter optimization yielded potent anti-biofilm
compounds for both strain types and oral availability in mice.[8]
Thus, the different LecB sequences serve as marker for strain classification, but due to comparable ligand
selectivity, LecB is a highly promising target for anti-virulence therapies, addressing members from both P.
aeruginosafamilies, PAO1 and PA14.
In contrast, LecA binds galactosides with much lower affinity hampering therapeutic intervention at this target.
Therefore, we have developed the first covalent inhibitor of a lectin and employed this LecA-specific irreversible
inhibitor for LecA-dependent biofilm imagining of P. aeruginosa.[9]
[1] Wagner, S.; et al.J. Med. Chem.2016, 5929-5969.
[2] Sommer, R.; et al. Chem. Sci.2016, 7, 4990-5001.
[3] Sommer, R.; et al.ChemistryOpen2015,4, 756-767.
[4] Hofmann, A.; et al.Carbohydr. Res. 2015, 412, 34-42.
[5] Sommer, R.; et al.PLoS ONE2014, 9(11): e112822.
[6] Hauck, D.; et al.ACS Chem. Biol.2013, 8(8), 1775-1784.
[7] Beshr, G.; et al.Med. Chem. Commun. 2016, 7, 519-530.
[8] Sommer, R.; et al.J. Am. Chem. Soc.2018, 140(7),2537-2545.
[9] Wagner, S.; et al.Angew. Chem. Int. Ed. Engl. 2017, 56, 16559-16564
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Inflammation-mediated deacetylation of the ribonuclease 1 promoter via histone
deacetylase 2 in endothelial cells
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The endothelial cell (EC) layer functions as barrier between the blood and surrounding tissue and is essential
for maintenance of vascular homeostasis, e.g. in pneumonia and sepsis1. Ribonuclease 1 (RNase1) is a
circulating extracellular endonuclease that regulates the vascular homeostasis of extracellular RNA and acts
as a vessel- and tissue-protective enzyme2-5. Upon long-term inflammation, monocytes release high amounts
of proinflammatory cytokines that affect proper EC function by downregulation of RNase16. Here, we
investigated the transcriptional regulation of RNase1 upon inflammation in human umbilical vein ECs
(HUVEC). Tumor necrosis factor (TNF)-α or interleukin (IL)-1β stimulation reduced the expression of RNase1
related to the acetylation state of histone 3 at lysine 27 and histone 4 of the RNASE1 promoter. Inhibition of
histone deacetylase (HDAC) 1, 2, and 3 by the specific class I HDAC inhibitor MS275 abolished the TNF-α- or
IL-1β-mediated effect on mRNA and chromatin levels of RNase1. Moreover, chromatin immunoprecipitation
kinetics revealed that HDAC2 accumulates at the RNASE1 promoter upon TNF-α stimulation, indicating an
essential role for HDAC2 in regulating RNase1 expression. Thus, proinflammatory stimulation induced
recruitment of HDAC2 to attenuate histone acetylation at the RNASE1 promoter site. Consequently, treatment
with HDAC inhibitors may provide a new therapeutic strategy to stabilize vascular homeostasis in the context
of inflammation by preventing RNase1 downregulation in ECs7.
1

Pober and Sessa 2007, Nat. Rev. Immunol.; 2Zernecke and Preissner 2016, Circ. Res.; 3Fischer, Gerriets et
al. 2007, Blood; 4Cabrera-Fuentes et al. 2014, Circulation; 5Fischer, Nishio et al. 2011, Thromb. Haemost.;
6
Gansler, Preissner et. al. 2014, FASEB Journal; 7Bedenbender et. al. 2019, FASEB Journal
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aeruginosa PA14 including experimental verification
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Pseudomonas aeruginosa (Pa) is a Gram-negative opportunistic pathogen. Its potential virulence especially
for patients with immune deficits, its intrinsic and acquired resistance, and its ability to cause primary healthcare associated infections, motivate the research of the mechanisms behind the pathogenicity of Pa.
Based on the hypothesis that the absence of genes can potentially increase the pathogenicity of Pa by
changing fluxes in its metabolic network that e.g. increase the production of a virulence-promoting factor, our
aim was to identify such genes , and to validate their modulating role for virulence of Pa. Whole genome
sequencing data of the Palaboratory strain PA14 and a patient isolate associated with high mortality were used
to identify genomic differences in the form of single nucleotide polymorphisms (SNPs) between the two strains.
The potential consequences of these genetic differences were analysed using an already published genomescale
metabolic
network
model
of
PA14
and
information
about
virulence
factors
(http://www.pseudomonas.com/virulenceFactorEvidence/list). Assuming that SNP variants could cause the
loss of function of a gene product, the SNP-affected genes were subsequently knocked out in the model, and
its effect was monitored using flux balance analyses. Genes, whose knock-out influenced a pre-chosen
number of virulence-associated reactions were reported as candidate genes for a laboratory validation.
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Workflow leading from genome sequences of a highly-pathogenic patient isolate (ID50) and the PA14 laboratory strain via SNPs and
virulence factor genes to a model analysis that identifies potentially virulence-modulating genes in Pa.

Mutant Pa strains carrying transposon insertions in selected candidate genes were used to validate the
virulence-modulating role of the candidate genes in laboratory experiments. The Galleria mellonella infection
model was used to compare the virulence of the transposon insertion mutants to the wild-type PA14 strain.
First experiments suggest that the gene for the urocanate hydratase hutU (PA14_67350) might have a
modulating role in P. aeruginosa by increasing the virulence when being absent.
The insight into factors enhancing and modulating the virulence could be used to detect new targets for
therapeutic approaches.
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silico from mouse to human
K. Rox1,2,3, M. Heyner4,5, J. Krull1,2, A. Kröger4,5, Y. Sugiyama3, M. Brönstrup1,2
1

Department of Chemical Biology, Helmholtz Centre for Infection Research, Inhoffenstraße 7, 38124
Braunschweig, Germany, 2DZIF partner site Braunschweig-Hannover, Germany 3Sugiyama Laboratory,
RIKEN Baton Zone Program, 1-7-22 Suehiro-cho, Tsurumi-ku, Yokohama, Kanagawa, 230-0045, Japan,
4
Research Group Innate Immunity and Infection, Helmholtz Centre for Infection Research, Inhoffenstraße 7,
38124 Braunschweig, Germany, 5Institute of Medical Microbiology, Otto-von-Guericke-University, Leipziger
Straße 44, 39120 Magdeburg, Germany
The burden of Dengue virus (DENV) has increased over the recent years: more than half of the global
population is at risk of catching a dengue virus infection. A fraction of infected people develops Dengue
hemorrhagic fever, in most cases life-threatening even with appropriate management [1]. The long-term safety
and efficacy of a recently launched vaccine are still unknown. Therefore, there is an urgent need for an antiviral to treat DENV infections [2]. Soraphen A, an inhibitor of acetyl-CoA-carboxylase activity isolated from
myxobacteria, is known as a broad-spectrum anti-viral agent [3,4], that inhibits the proliferation of DENV in a
cell culture model with an EC50 of ca. 21.8 nM.
Based on in vivo pharmacokinetic (PK) studies with soraphen A, we tested its efficacy in an animal DENV
infection model and observed a reduction in viral load in spleen and liver upon treatment. Next, we constructed
an in silico physiology-based pharmacokinetic (PBPK) model and linked it to pharmacodynamic (PD) effects.
The PBPK/PD model was validated with the in vivo data obtained beforehand. With the help of the PBPK/PD
model, we were able to predict viral loads not only in liver and spleen, but also in other organs possibly affected
by Dengue such as brain, heart or lung. PBPK/PD modeling was then used to explore different dosing
scenarios and the impact on the viral load. Furthermore, we deployed the PBPK/PD model for the human
organism. Using MonteCarlo simulation we built a cohort of different individuals, representing a potential
clinical study cohort treated with different dosing schemes of soraphen A.
In summary, we show how PBPK/PD modeling based on and validated with in vivo animal data can aid in and
speed up the drug development process, as a solid animal PBPK/PD models can be easily transferred to a
human PBPK/PD model. Different scenarios are simulated and potential risks are assessed at an early stage
of the development process.
[1] Castro MC, Wilson ME, Bloom DE (2017). Disease and economic burdens of Dengue. Lancet Infect Dis.
17(3):e70-e78
[2] Lee TH, Lee LK, Lye DC, Leo YS (2017). Current management of severe dengue infection. Expert Ani
Infect Ther. 15(1):67-78
[3] Jump DB, Torres-Gonzalez M, Olson LK (2011). Soraphen A, an inhibitor of acetyl CoA carboxylase activity,
interferes with fatty acid elongation. Biochem Pharmacol. 81(5):649-60
[4] Koustsoudakis G, Romero-Brey I, Berger C, Pérez-Vilaró G et al. (2015). Soraphen A: A broad-spectrum
antiviral natural product with potent anti-hepatitis C virus activity. J Hepatol. 63(4):813-21
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openPrimeR for multiplex amplification of highly diverse templates
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To study the remarkable diversity of immune receptors and pathogens, multiplex PCR has become a central
approach in research and diagnostics. However, insufficient primer design against highly diverse templates
often prevents amplification and therefore limits the correct understanding of biological processes. Here, we
present openPrimeR, an R-based tool for evaluating and designing multiplex PCR primers. openPrimeR
provides a highly functional and intuitive interface and uses either a greedy algorithm or an integer linear
program to compute the minimal set of primers that perform full target coverage. As proof of concept, we used
openPrimeR to find optimal primer sets for the amplification of highly mutated immunoglobulins, which for
example frequently occur in broadly HIV-1 neutralizing antibodies. Comprehensive analyses on specifically
generated immunoglobulin variable gene segment libraries resulted in the composition of highly effective
primer sets (oPR-IGHV, oPR-IGKV and oPR-IGLV) that demonstrated to be particularly suitable for the
isolation of novel human antibodies.
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Humanized mice have been demonstrated to be a valuable model to study HIV-1 infection in vivo and have
aided the development of novel approaches for HIV-1 therapy. Despite this success, mice reconstituted with
CD34+ hematopoietic stem cells do not achieve sufficient reconstitution in the mucosa and cannot be used to
study prevention of rectal/vaginal HIV-1 transmission. To address this critical limitation, we established a novel
humanized mouse model that can be used to study mucosal HIV-1 infection. This model is not dependent on
fetal tissue and has been developed for evaluating the in vivo potency of antiretroviral drugs and potent HIV-1
neutralizing antibodies. These newly developed mice demonstrate a higher level of human lymphocytes in the
blood and the spleen and are well reconstituted with human T cells in the mucosal tissue. As compared to its
predecessor, these mice can be easily infected with HIV-1 after rectal challenge. We expect that these mice
will serve as a highly useful platform for the evaluation of novel approaches to study prevention of sexual HIV1 transmission in vivo.
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The DZIF Transplantation Cohort e.V.
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The DZIF Transplant Cohort e.V. is a large multicenter prospective observational cohort of transplant recipients
and donors, enabling extensive collection of medical data as well biological samples. Infections in transplant
recipients have a major impact on the overall therapy success and clinical outcome. However, many issues
regarding long-term consequences of infections are not well understood. How severe is the impact of defined
infections on graft survival/function and graft- versus-host disease (GvHD)? How to assess the individual
susceptibility to bacterial, viral and fungal colonization under immune suppression? What is the long- term
impact of anti-infective therapy on graft and patient survival or changes in the physiological microbiome that
may be significant for colonization with pathogenic and antibiotic-resistant microbes? These are just a few
examples of important research questions. Worldwide there exist only few and relatively small prospective
cohort studies on transplant patients with a focus on infectious disease. Therefore, the DZIF Tx Cohort will
contribute significantly to a more careful epidemiological and experimental analysis of the impact of infections
on transplant function and survival by using standardized protocols for the collection of multiple biosamples
and patient data at defined time points before and after transplantation.
Collection of data and samples takes place in university hospitals and clinics in Hannover, Heidelberg,
München and Tübingen at time of transplantation, after 3, 6, 9 and 12 months and then yearly thereafter; as
well as in case of infection. The cohort enables studies to investigate correlations between infections and
immune alterations with the development of transplant complications in a prospective manner. Biosamples are
preserved in a quality conform to state-of-the art genomic and epigenomic technologies for future analyses.
The distribution of data and samples to researchers is linked to a detailed review process by the cohort internal
scientific steering committee and a pool of external international reviewers.
In collaboration with the TI Biobank, distinct quality controls of biosamples, audits and local trainings are
performed to ensure the quality of collecting biosamples, procession regarding SOPs and storage. Control of
quality and quantity of documented data is performed in collaboration with epidemiology experts.
Up to now, there are about 1200 patients included in the data base and more than 15800 biosamples collected,
including PBMCs, RNA-stabilized blood, serum, urine, feces.
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IL-1a production is a pro-inflammatory property of human Th17 cells, which are
specific for C. albicans
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Over the last few years Th17 cells have been recognized as major drivers of inflammatory diseases. Th17
cells also display heterogeneity and plasticity, which translates into distinct functions in settings of health and
disease and which can be exploited for therapeutic purposes. Previously, we’ve identified the existence of proinflammatory and anti-inflammatory human Th17 cell subsets, which differ in their ability to produce IL-10, their
microbial antigen specificities and their priming requirements (Zielinski CE et al. Nature 2012). Novel insights
indicate that the pro-inflammatory Th17 cell subset can also produce IL-1α, an innate danger signal and
alarmin that might confer pathogenicity to this T cell population. The expression of IL-1α by an adaptive
immune cell subset therefore prompted us to investigate its characteristics and regulation in detail. We found
that the molecular machinery driving the Th17 cell identity is coupled to IL-1a expression . Surprisingly, we
could demonstrate a role for the NLRP3 inflammasome for the secretion of IL-1a but not IL-1b. Its regulation
followed different rules than those in innate immune cells. IL-1a production was restricted to T cells specific for
Candida albicans. Taken together, we demonstrate that IL-1a represents a novel, so far overlooked effector
cytokine of human Th17 cells that is regulated by an alternative mode of inflammasome activation and
associated with distinct pathogen specificities. This demonstrates that innate signaling mechanisms can be
adopted by adaptive T cells to exert pro-inflammatory functions.
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identify vaccine targets for long-term and tissue specific immune protection
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Memory T cells are compartmentalized and tissue-resident (non-recirculating) memory T cells (Trm) have
recently been identified as important players in barrier defense in mice. Experimental evidence for the
existence of true Trm cells in humans and their function in localized autoimmune pathologies is only beginning
to emerge. Besides that, a method for identifying long-term Trm in human skin has not yet been proposed.
Here, we used a clinical intervention situation, allogeneic hematopoietic stem cell transplantation (HSCT), to
distinguish recirculating T cells from the recipient long-term Trm. Short tandem repeat analyses revealed
persistence of recipient skin T cells in patients that had undergone successful myeloablative conditioning. The
observed chimeric situation was further investigated by single-cell RNA-sequencing (scRNA-Seq) on
hematopoietic cells from a healthy donor and from a patient with recipient skin T cell two years after sexmismatched HSCT. Single-cell SNP genotyping identified recipient Trm in the skin of a patient at least two
years after HSCT which was confirmed by analysis of gender-specific gene expression. Interestingly,
pseudotemporal ordering of cells indicated that cells at early stages of tissue adaptation were also present
within the persisting recipient T cells. However, they exhibited a unique transcriptional signature linked to tissue
residency. Additionally, donor cells outnumbered recipient cells within the clusters of less tissue-adapted cells,
suggesting that those might be transiently skin-homing. In conclusion, we show that SNP genotyping of
scRNA-Seq data is a powerful tool to identify truely resident T cells and that those T cells can reside in the
human skin long-term. The signatures we obtained from recipient cells will enable us to study true skin Trm in
healthy individuals and to compare tissue-adaptation and functions of these cells in greater detail. These
insights will be crucial to optimize vaccine design that aims at long-term and tissue specific immune protection.

120

Symposium IV: Microbiome and Diseases
P68
A high-throughput technology for the simultaneous quantitative assessment of T cell
antigen specificities for multiple different naturally processed microbes
G. Rapp1, C. Zielinski2
1

Institute of Virology, Technical University of Munich, Munich, Germany, 2Institut für Virologie, München,
Germany
The human skin, the physical barrier to the outer world, is populated by a wide range of microorganisms,
including bacteria, fungi, viruses and mites that live as commensals or can assume pathogenic roles. It is still
not known which antigens are recogniced by skin or other tissue resident T cells and whether distinct T cell
subsets in these tissues are enriched for T cells with particular microbial antigen specificities. We introduce a
very powerful high-throughput technology for the simultaneous quantitative assessment of T cell antigen
specificities for multiple different naturally processed microbes. It is fully functional even with very low input T
cell numbers, independent of HLA, and suitable for T cells with high activation thresholds. This technology
provides the opportunity to assess the immunocompetence of individuals at steady state, in disease and opon
perturbation of the immune system by infection, vaccination or therapeutic immunosuppression.
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The intestinal tract of humans and other mammalians is colonized by a highly diverse and complex microbial
community. This microbiota provides protection against enteropathogens at different infection stages, ranging
from block of colonization, interference with virulence factor expression to stimulation of immune defenses.
The focus of this project is to identify members of the gut microbiota that interfere or promote
enterohemorrhagic Escherichia coli (EHEC) infection in humans. EHEC infection leads to abdominal cramps
and hemorrhagic colitis. A subset of infected patient develops life-threating hemolytic-uremic syndrome (HUS)
caused by Shiga toxin (Stx) produced by EHEC in the gut. We hypothesize that the microbial environment in
the gut affects the patients risk for EHEC infection and incidence of HUS. To test this idea, we have used a
murine model of human EHEC infection and screened microbial biomarkers, which potentially influence
pathogen colonization and Stx2-dependent mortality. By correlative microbiome profiling, bacterial symbionts
were identified, which potentially provide a protective or permissive environment for EHEC infection/HUS.
Gnotobiotic mouse models will be used to test the causal effect of these environments on the infection
outcome. Finally, data from the preclinical mouse models will be complemented by a comparative microbiomestudy of 440 stool samples from 157 patients and 53 controls collected during the HUSEC O104 outbreak in
northern Germany in 2011. This will enable us to link the course of EHEC infection to variation in the
microbiome, in conjunction with clinical patient data and identify microbial risk factors for EHEC infection and
incidence of HUS.
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Objectives: Identification of clinically relevant microRNAs in BALF extracellular vesicles from critically ill
patients with influenza-induced ARDS.
Design: A prospective, case-cohort pilot study.
Setting: Academic ICU.
Patients: Seven patients with influenza-induced ARDS. For comparison, six age- and gender-matched healthy
controls were also studied.
Measurements and Main Results: Broncho-alveolar lavage fluid (BALF) was obtained from all patients and
healthy controls. Extracellular vesicles (EVs) were isolated, and the short RNA content was sequenced. In
addition, the microRNAs derived from the EV fraction of an IAV-infected lung epithelial cell line (A549) were
measured by Taqman Low Density Array. We found significant changes in the miRNA composition of EVs in
the broncho-alveolar lavage fluid (BALF) from patients with IAV-induced ARDS. Among the nine significantly
deregulated microRNAs, miR-17-5p was upregulated in patients` BALF, and in EVs of IAV-infected A549 cells.
In these cells, transfer of miR-17-5p strongly downregulated expression of the antiviral factor Mx1 and
significantly enhanced IAV replication.
Conclusions: This study identifies several EV-borne microRNAs and shows an association between miR-175p and the antiviral response. This mechanism might be critical for the host response against severe influenza
infection.
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Legionella pneumophila (L.p.) is a common cause of severe pneumonia. It invades alveolar macrophages and
actively manipulates the immune response by interfering with signaling pathways and gene transcription to
support its own replication. MicroRNAs (miRNAs) are critical post-transcriptional regulators of gene expression
and are involved in defence against bacterial infections. Several pathogens have recently been shown to
exploit the host miRNA machinery to their advantage. We therefore hypothesized that the macrophage miRNA
repertoire may be implicated in positive or negative control of Legionella intracellular replication. Here we
performed time course analysis of L.p. infection and show significant regulation of 85 miRNAs in human
macrophages. Genome wide chromatin analysis by ChIP-Sequencing revealed concordant changes of histone
acetylation at the putative promoters. Interestingly, a trio of miRNAs (miR-125b, miR-221 and miR-579) was
found to significantly affect intracellular L.p. replication in a cooperative manner. Using proteome-analysis we
pinpointed this effect to a concerted downregulation of Galectin-8 (LGALS8), DExD/H-Box Helicase 58
(DDX58), Tumor Protein P53 (TP53), and consecutively MX Dynamin Like GTPase 1 (MX1) by the three
miRNAs. In summary, our results demonstrate a new miRNA-controlled cell-autonomous immune network
restricting Legionella replication in humanmacrophages.
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Irritable bowel syndrome (IBS) is one of the most common gastrointestinal disorders worldwide. Despite the
prevalence and burden on quality of life, the pathogenesis of IBS is poorly understood, making diagnosis of
IBS difficult. In fact, IBS has been linked to diet, psychiatric and sensory disorders, and potentially to alterations
within the gastrointestinal microbiota. Understanding how these potential causes of IBS correlate with
symptoms could lead to more effective diagnostics. We hypothesize that changes within the microbiome
correspond to the development of IBS-like symptoms; therefore, we aim to characterize microbiome alterations
via 16S rRNA sequencing in the hopes of identifying potential risk factors. In this pilot study, forty patients who
initially visited a physician with complaints of prolonged abdominal pain were followed for six months. Patients
completed regular questionnaires regarding their health and symptoms. Stool was collected at time of
enrollment, three months, and six months for examination of the microbiome. Bacterial DNA was extracted
from stool samples using the Stratec PSP Spin Stool DNA Plus Kit. Sequencing of indexed and pooled 16S
amplicons was performed on an Illumina MiSeq and downstream bioinformatics analysis performed using
taxonomic data generated from the Integrated Microbial Next Generation Sequencing Platform. We could
identify distinct alpha diversity shifts over time in the patient cohort. Furthermore, as compared to a control
cohort, patients showed significantly lower relative abundances of families Lachnospiraceae and
Prevotellaceae, indicating that after further correlation to symptoms, microbiome analyses may have potential
as a diagnostic tool for patients with IBS-like symptom development.
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Acute infections of the lower respiratory tract like community-acquired pneumonia (CAP) and acute
exacerbations of chronic obstructive pulmonary disease (AECOPD) constitute the third most frequent cause
of death worldwide. Urgent medical needs are early diagnosis and differential diagnosis as well as profound
pathophysiological insights. Chronic obstructive pulmonary disease (COPD) is a poorly reversible condition
characterized by airflow limitation and decrease of lung function. Community acquired pneumonia (CAP) is
clinically defined by a sudden onset of severe illness that is accompanied by signs of lower respiratory tract
infection, fever, cough and dyspnoea. We investigated the PBMC RNA profile of 5 healthy donors, 6
pneumonia patients and 6 COPD patients with acute exacerbations. From a total of 1,621 differentially
expressed genes between CAP and AECOPD, we used Weighted Gene Co-expression Network Analysis
(WGCNA) to extract a cluster of 120 genes (the module I) that exhibited the highest potency of disease type
discrimination. We combined differentially regulated microRNAs and mRNAs into a regulatory network that
functionally integrates the major distinctive factors between CAP and AECOPD. We identified the main hub
molecule of this network, the transcription factor hepatocyte nuclear factor 4 alpha (HNF4A). Furthermore,
other members of this network, such as MCC and MUC1, were found to be good discriminators between
AECOPD and CAP. Likewise, we gathered several microRNAs, e.g. miR-545-3p and miR-519c-3p, which
proved to be capable of separating AECOPD and CAP. The described RNA molecules may serve as
accessible markers of disease in peripheral blood.
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Malaria is a parasite-driven transmissible disease that affects predominantly children in rural Africa. The
causative parasite is the protozoan Plasmodium Falciparum, which relies on the Anopheles mosquito and a
human host during different stages of its life cycle. In humans, it infects red blood cells, leading to changes in
blood flow and disturbance of tissue perfusion. Pathogenicity also involves poorly understood mechanisms
such as haemolysis of uninfected erythrocytes. The immune system mounts a pro-inflammatory response,
which might revolve around TNFa, IFNg and NO. To shed light on the inflammatory response in the blood, we
investigated the PBMC RNA profile of 5 healthy donors and 6 malaria patients. We removed all genes whose
expression changes were attributable to changes in cellularity, and 2101 differentially expressed genes
between Malaria patients and healthy donors remained, which were suitable to cluster the respective groups
in PCA. From the total gene list, Ensemble Feature Selection (EFS) revealed E2F1, BIRC5, KIF20A and
FAM24B as most important discriminators between malaria and healthy donors. Hybrid hierarchical clustering
of all genes revealed distinct groups that followed similar regulation patterns. We probed these genes for
biological function and identified enriched pathways that were defining hallmarks of the clustered gene groups.
Cell cycle processes were heavily activated in PBMCs from Malaria patients, as were immune response
pathways. On the other hand, metabolic and structural genes were down-regulated upon Malaria infection.
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Introduction:

Though usually asymptomatic, Epstein-Barr-Virus (EBV) primary infection can lead to infectious
mononucleosis (IM) with severe complications or protracted course. Moreover, EBV can cause reactivation in
immunocompromised hosts or EBV-associated malignancies or autoimmune diseases. It is yet unclear, if
sequence variation between different EBV strains has an impact on viral pathogenicity and immunogenicity.
High-throughput sequencing (HTS) technologies combined with virus-specific target enrichment directly from
clinical specimens allow comprehensive insights across the entire EBV genome (~ 172 kbp in length) in order
to identify potential links between IM severity and viral polymorphisms.
Methods:
70 EBV-DNA positive specimens (60 mouth washes and 10 plasma samples) from 57 IM patients ((n=21 with
mild-to-moderate (mIM), n=29 with extensive (eIM), and n=7 with yet not finally defined disease stage)
recruited in the Infectious Mononucleosis in Munich (IMMUC) study were sequenced on an Illumina MiSeq
platform after preparation of target-enriched sequencing libraries. Consensus sequences were assembled de
novo and multiple sequence alignments of the whole genomes and selected genes constructed. EBV diversity
within single samples and among samples collected from different anatomical compartments was determined
by variant analysis of read data sets against the respective consensus sequence. Principal component analysis
(PCA) of the SNP position profile was conducted to explore patterns and clusters in the (meta-) data, such as
geographic origin or disease stage. Positive-selection analysis of T-cell epitopes was performed for the genes
EBNA2, EBNA3A and -3B, LMP1 and LMP2B.
Results:
70 EBV consensus genome sequences were successfully assembled de novo with the exclusion of repeat
regions. The average sequencing coverage (in median 616 unique fragment reads per nucleotide) correlated
well with the viral input load. The majority of genomes (n=68) were assigned to type EBV-1 based on the
EBNA2 and EBNA3 genes, 2 strains were type EBV-2. Variant analysis detected minor variants (<50 %
frequency) along the entire EBV genome in a number of samples, but it is unclear if this reflects the presence
of multiple infections (i.e. involving ≥2 EBV strains) or low-level variation of the same strain within the host.
EBV sequences derived from mouth wash/plasma sample pairs of six individual patients did not differ
significantly. PCA exhibited a clear pattern of the geographic origin but not the IM stage. Preliminary
positive-selection analysis identified previously described T-cell epitope variations in EBNA3A and -3B.
Conclusions:
We further enlarged the IMMUC study HTS data sets by more than 30 additional EBV genomes, thus being
capable to start the exploration of associations between viral polymorphisms, clinical and immunological
features as well as host factors. As the IMMUC cohort is still active, further samples will be analysed in the
future.
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Genomics has accelerated discovery in biology in an unprecedented way. Still we are far from solving grand
challenges facing humanity. Challenge to combat AMR requires us to accelerate natural product discovery by
several orders of magnitude. We are already running out of our existing arsenal of antibiotics and novel
approaches are needed to accelerate the pace of their discovery and development. Quick screening of natural
product biosynthesis potential via metagenome mining holds new hope to revive the antibiotic discovery
pipeline. Thanks to recent advancements in next generation sequencing technologies and big data mining,
now we can rationally survey the diverse ecosystem metagenomes to discover novel secondary metabolites.
In this project we have used Nanopore and Illumina NGS sequencing technology to study the Schönbuch
forest (Tübingen) soil metagenome at different horizons. Mining of metagenomic reads led to discovery of
many known and novel domains involved in biosynthesis of polyketide, non-ribosomal peptides, terpenes and
ribosomally synthesized and post-translationally modified peptides (RiPPs). Hybrid assembly of short and long
reads facilitated discovery of biosynthesis gene clusters in the assembled contigs. Here we show results of
metagenome mining, assembly, BGC annotation, taxonomic profiling, phylogentic and diversity analysis. This
baseline study led to identification of big-data analytics bottlenecks involved in metagenome mining which
require not only application of supercomputing but also has tremendous scope for developing novel algorithms
to accelerate analysis and improve predictions.
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Microflora and helminths co-evolve in human gut, these organisms can influence the gut homeostasis and
affect the immune system. The role of intestinal helminths in regulating gut flora composition has been studied
in animal models. However, evidence from human studies in settings characterized by high prevalence of
geohelminths is limited. We designed a randomized, participant-blinded, placebo-controlled trial using an
enteric antibiotic as a gut flora modification/depletion regimen to investigate the relationships between human
gut microbiota and geohelminths (Trichuris trichiura, Ascaris lumbricoides or Hookworm) and assess the
effects of these relationships on human induced-immune responses. The study protocol was registered at the
Pan African Clinical Trial Registry: PACTR201707002361207. Here, we report the safety of the use 6g daily
administration of Neomycin or placebo for 10 days in healthy participants aged 21-40 years colonized with
either Trichuris trichiura, Ascaris lumbricoides or Hookworm parasites (or co-infected). In order to establish the
safety profile, we assessed incidence and recurrence of solicited adverse events (AEs) of neomycin and
fluconazole from enrolment to 30 days post-antibiotic therapy and serious adverse events (SAEs) for 180 days
and assessed the concentration of neomycin in blood before and after and up to 14 days after the intake. A
total of 38 participants were enrolled in the trial in the ratio of 1:1, most frequently reported adverse events
(AE) were of mild to moderate intensity. Higher proportions 18% versus 4% of solicited AEs were reported in
the intervention group compared to the control respectively within the first 10 days. Most frequently reported
solicited AEs were tinnitus (26%), vertigo (42%), nausea (37%) in all participants and with the occurrence of
diarrhea doubling in the intervention arm compared to the control (25 events versus 11 events). Hematology
and biochemistry parameters monitored for 30 days were similar between arms and were within laboratory
normal ranges. However, four serious adverse events (SAE): severe anemia, right-foot cellulitis, blighted ovum
(anembryonic pregnancy later aborted) and renal failure were reported over a follow-up of 180 days. All SAEs
were judged by the investigators to be unrelated to intervention and 3 resolved without sequelae. Renal failure
was later established as pre-existing condition before enrolment. Generally, the occurrence of unsolicited
adverse events was of low frequency and there was no significant difference between arms. To conclude, the
use of 2g three times daily administration of Neomycin for a duration of 10 days with the coadministration of
oral fluconazole (150 mg once a week for two weeks) in healthy adult infested with geohelminths for gutmicrobiota modification was well tolerated with an acceptable safety profile. Additional data on the
concentration of neomycin in blood and urine will be available by end September 2019.
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Intestinal microbiota and the gastrointestinal mucus layer provide resistance against pathogens. Akkermansia
muciniphila (AM) belonging to the Verrucomicrobia is specialized in the degradation of mucin. This anaerobic
bacterium is found in the intestinal tract of humans and other mammals. Salmonella enterica serovar
Typhimurium (S.Tm) is a food-borne pathogen and a major cause of gastroenteritis. To study the importance
of AM presence to colonization resistance against S.Tm, gnotobiotic mice associated with a defined simplified
human intestinal microbiota (SIHUMI) of seven bacterial species were utilized. These mice were
complemented with or without AM, and then infected with S.Tm.
Interestingly, in the presence of AM, S.Tm caused significantly decreased histopathology score as well as
decreased levels of TNF-a, IL-17, and IL-10 in the cecum of mice at day 14 after infection. In addition, lower
bacterial counts in cecum was also observed in the group of mice with AM. The proportion of A. caccae, B.
longum, L. plantarum in the presence of AM were increased after S.Tm infection. Furthermore, in vitro
experiments showed the presence of AM inhibited adhesion of Salmonella in differentiated HT29-MTX-E12
cells, but was not observed in undifferentiated HT29-MTX-E12 cells. These results indicate that the presence
of AM inhibits S.Tm induced inflammation by inhibiting adhesion of Salmonella.
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Current strategies to eradicate antibiotic-resistant pathogens from the microbiomes of risk patients are scant.
Available approaches rely on broad-spectrum antibiotics e.g. for eradication of Staphylococcus aureus from
human noses with the antibiotic mupirocin. Because general inhibition of the microbiota bears severe risks of
resistance development, outgrowth of other pathogens, or rapid recolonization by the same pathogen, highly
selective, yet efficient and rapid eradication strategies are urgently needed. Along this line, bacteriolytical
proteins derived from bacteriophages are discussed as alternative antiinfective strategies. They combine very
fast bactericidal properties, stability and activity at various environmental conditions, and high selectivity to a
particular bacterial target species. Specific lytic phage proteins could enable new, highly effective eradication
strategies to overcome increasing mupirocin resistance (MupR) and simplify the complicated and lengthy
mupirocin treatment regimen. We developed the recombinant phage lysing HY-133, which was 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. HY-133 addresses the 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 recolonization by S. aureus. The HY-133 manufacturing process with a suitable formulation and primary
packaging has been developed in a GMP facility. Initial pharmacokinetic results indicate a negligible systemic
exposure. Thus, for nasal and dermal application an excellent safety profile is expected. We envisage
evaluating HY-133 in a clinical phase I/IIa study in 2020/2021 and developing it into a therapeutic alternative
to mupirocin. Due to the prophylactic mode of action, initial efficacy data can be obtained from very early
clinical trials without endangering healthy volunteers. Additionally, based on a microbiological endpoint and
current estimations for efficacy, proof of concept can be demonstrated with a reasonably small number of
patients (<100).
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The Ebola virus disease (EVD) epidemic of 2013-2016 and the recent outbreaks in the Democratic Republic
of the Congo demonstrate the clinical need to effectively prevent and treat Ebola virus infection. The vaccine
candidate rVSV-ZEBOV has been clinically tested and recently administered to >50,000 individuals who are
at risk of infection. While serologic testing after vaccination demonstrated reactivity to the EBOV glycoprotein
(GP), a detailed analysis of the EBOV-GP-specific B cell response is missing. To this end, we investigated six
individuals at 18 to 26 months after rVSV-ZEBOV vaccination and performed single cell analyses of EBOVGP-specific B lymphocytes. In total, 1,545 antibody sequences were obtained that revealed a highly polyclonal
B cell response with sequence similarities among all subjects studied. Of 147 monoclonal antibodies produced,
90 showed EBOV-specificity with over 50% cross-reactivity to other Filovirus species (BDBV, SUDV, Marburg
virus). In addition, competition ELISA, peptide library screening, and cryo-EM analyses revealed a similar
distribution of EBOV-GP epitopes when compared to previously published antibodies isolated from EVD
survivors. Finally, we determined that half of EBOV-specific antibodies showed neutralizing activity with
comparable potencies to previously described and clinically tested antibodies (e.g. KZ52, mAb100 or
ADI15758). In conclusion, rVSV-ZEBOV vaccination can induce a polyclonal and recurrent EBOV-GP directed
B cell response with similar specificities and characteristics to antibodies derived from EVD survivors. These
results may strongly contribute to further improve vaccine strategies that eliminate Ebola virus infections in
humans.
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The Epstein-Barr virus (EBV) is a ubiquitous human γ-herpesvirus. Primary infection with EBV can cause
infectious mononucleosis (IM), a febrile illness typically associated with pharyngitis, cervical lymphadenopathy,
and fatigue. 1 % of IM patients develop severe neurological, bone marrow, or liver disease. Additionally, EBV
is associated with the pathogenesis of several human malignancies, among others lymphoproliferative
disorders in immunosuppressed patients, for example following transplantation of solid organs (SOT) or
hematopoietic stem cells. EBV infection elicits strong cellular and humoral immune responses. We have shown
in the past that EBV-like particles (EB-VLP), which are devoid of viral DNA, have similar structural and
immunological characteristics as wildtype virus. We have been working on a VLP vaccine candidate for firstin-man testing for the primary indication prevention of symptomatic IM and post-transplant lymphoproliferative
disorder (PTLD) after SOT. To this aim we have developed assays for the characterization of a candidate EBVLP. These assays are currently in the technology transfer phase and will be used by a contract manufacturing
organization (CMO) for vaccine quality assessment and batch release testing. The assays described here
cover different aspects like identity, biopotency and safety of the final EB-VLP product.
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Cellular immunotherapy is a proven approach against Epstein-Barr virus-driven lymphoproliferation in
recipients of stem cell transplant. Extending the applicability and improving the response rates of such therapy
demands improving the knowledge base. We studied twenty-three healthy donors for specific CD4+ T cell
responses against the viral tegument protein BNRF1 and found specific T cells in all seropositive donors,
thereby establishing BNRF1 as an important immune target in EBV. We identified eighteen novel immune
epitopes from BNRF1, all of them generated by natural processing of the full-length protein from virustransformed lymphoblastoid cell lines (LCL). The T cells, of cytotoxic Th1 type, inhibited the proliferation of
autologous LCL, and virus-driven transformation. We infer that they are important in limiting reactivations to
sub-clinical levels during health, and reducing virus propagation during EBV-driven disease. We could
measure BNRF1-specific CD4+ T cells directly ex vivo by a cytokine-based method thus achieving a tool to
study interaction between immunity and infection, in health and disease. The knowledge of novel epitopes will
aid current clinical protocols for T cell generation. The information obtained on the epitopes and their
presentation will feed into datasets that are indispensable in the design of patient-tailored immunotherapeutic
approaches, thereby enabling the stride towards broader application of T cell therapy and improving clinical
response rates. The knowledge of novel target peptides can be translated to T cell receptor sequences that
will find application in T cell engineering approaches in the immunotherapy of EBV-driven disease(s) in
recipients of EBV-seronegative grafts.
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The oncolytic properties of Measles viruses make them highly interesting as therapeutic cancer vaccine
candidates. The advantages of virotherapy include the active cell killing mechanism based on cell lysis caused
by viral replication within the tumor, the creation of a pro-inflammatory microenvironment, and the ability to
induce anti-cancer immune responses. One therapeutic dose for cancer treatment must contain 108 to 1011
infectious Measles virus particles (TCID50). This shows the importance of a high titer virus production and the
relevance of its downstream processing (DSP), as in DSP, the full recovery of oncolytic Measles virus (OMV)
infectivity is targeted. Furthermore, the depletion of impurities, such as host cell proteins (HCP) and host cell
DNA (hcDNA), have to meet the appropriate limits set by regulatory authorities.
We established a high titer bioreactor process, achieving OMV titers of 1010 TCID50 mL-1 and then focused on
the DSP of OMV. For this purpose, we characterized size, surface charge and pI of OMV as well as its stability
concerning temperature, salt, pH and other important DSP parameters.
The DSP procedure combined membrane-based and chromatographic methods. The clarification was carried
out with depth filters, followed by a tangential flow filtration. For the OMV purification/concentration, various
membrane materials and filtration modes were investigated. In the concentration mode, we were able to
recover the infectious virus and reduced the impurities by ~70% for hcDNA as well as by ~80% for protein
content. A subsequent diafiltration depleted the impurities by ~95% in total.
In order to meet the required low levels for HCP and hcDNA, we tested chromatographic materials in a
knowledge-based approach. In the bind-and-elute mode, the potential of ion-exchange chromatography and
hydrophobic interaction chromatography was evaluated for the purification and concentration of OMV. We
further investigated the flow-through mode for polishing. Our work showed that the combination of membrane
filtration and chromatography is a versatile option to reach the highest OMV yields with regard to purity and
potency.
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Staphylococcus aureus (S. aureus) is a major human pathogen causing clinical infections like bacteremia and
endocarditis. The morbidity and socioeconomic burden associated with methicillin-resistant S. aureus (MRSA)
infections combined with a lack of new antibiotics define a clear unmet medical need for novel approaches,
including vaccines.
Currently, there is no vaccine available. By proteomic approach, we identified vaccine candidates that are
involved in essential metabolic pathways but also displayed on the surface of S. aureus [1]. One lead candidate
is triose-phosphate isomerase (TPI) which is part of the glycolytic pathway and thus highly conserved.
Vaccination with TPI showed significant protection in our murine sepsis model. Subsequently, anti-TPI
monoclonal antibodies (moAbs) were generated and used for passive immunization of mice. One anti-TPI
moAb (H8) provided significant higher survival rates compared to other TPI-specific moAbs after challenge
with S. aureus. Obviously, protection is epitope specific. By using this reverse immunology approach we
identified the H8-TPI-epitope which could serve as protective active vaccine. However, the anti-TPI H8 moAb
recognizes a discontinuous epitope contained in a stretch of 100 amino acids. For cost-effective production of
an epitope vaccine, the epitope sequence needs to be shortened without losing its ability to generate anti-TPI
H8-like antibodies. Therefore, peptide-phage display method was applied to identify a peptide that structurally
mimics the H8-TPI-epitope, a so called mimotope. For this, the NEB 12-mer peptide-phage display library was
applied performing different selection methods. After three rounds of biopanning against the immobilized antiTPI H8 antibody, three phage-displayed peptides (phagotopes) were enriched and further analyzed for specific
binding to the H8 antibody. Moreover, based on our prior epitope mapping and binding assay results we
generated a peptide that is assumed to contain the discontinuous H8 epitope, called H8-Disco. KLHconjugated phagotopes and H8-Disco were used to immunize female BALB/c mice and serum was analyzed
for their ability to generate TPI-specific antibodies.
The three phagotopes show specific binding to the H8 antibody in phage ELISA binding assays, and are able
to compete binding of the H8 antibody to its ligand TPI in a competition ELISA. However, in our mouse model,
the phagotopes did not induce TPI-specific antibodies. In contrast, the H8-Disco peptide does induce a
humoral TPI-specific immune response. Therefore, the H8-Disco peptide could serve as potential epitope
vaccine against S. aureus. In the near future, the protection potential of the H8-Disco peptide will be evaluated
in our S. aureus mouse infection model.
Reference:
[1] Glowalla E, Tosetti B, Krönke M, Krut O (2009) Proteomics-based identification of anchorless cell wall
proteins as vaccine candidates against Staphylococcus aureus. Infection and immunity 77: 2719-2729
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The Middle East respiratory syndrome (MERS) is an emerging infectious disease caused by a novel
coronavirus (MERS-CoV) first described in Saudi Arabia in 2012. Since then, over 2000 laboratory-confirmed
cases of MERS were reported in 27 countries. Symptoms can vary between mild respiratory disease and
multiorgan failure with an overall case fatality rate of approximately 35%. The World Health Organization
prioritized MERS on the R&D Blueprint list highlighting its epidemic potential and the lack of adequate medical
countermeasures as no licensed vaccine or treatment options against MERS-CoV are currently available.
We conducted a first-in-human phase I clinical trial investigating the safety and immunogenicity in 23 healthy
adults following immunization with the recombinant viral vector vaccine MVA-MERS-S, expressing the MERSCoV spike (S) protein. Since 82% of vaccinees revealed detectable T cell responses upon stimulation with five
different peptide pools covering the S-protein, this study aims in identification of MERS-S specific T cell
epitopes by Epitope Mapping. Finding MERS-S specific epitopes can be essential to efficiently monitor T cell
responses in vaccinees immunized with MERS-CoV vaccine candidates.
First, we used an in silico approach to identify HLA-specific epitope candidates. All 23 study subjects were
screened for HLA-A2 and HLA-B7 by Fluorescence Activated Cell Sorting (FACS) analysis and positive results
were subsequently verified by Sequence-Specific-Primer-PCR. Using prediction algorithms, 5 different 9mer
peptides with the highest binding affinity for HLA-A2 and HLA-B7 were determined. In addition, we applied an
experimental set up to identify MERS-S specific epitopes. Both approaches required the thawing of
cryopreserved Peripheral Blood Mononuclear Cells (PBMCs) from vaccinees. Following resting, PBMCs were
stimulated with the 5 predicted peptides (in silico approach) or single peptides from the previous MERS-S
peptide pools (experimental approach). Peptide-specific T cell responses were assessed by IFN-y-ELISpot
assays.
Our previous T cell analysis revealed in most of the vaccinees (82%) responses to peptide pools that covered
the MERS-S protein. In contrast, using the in silico approach, we observed no induction of IFN-y in HLA-A2
and HLA–B7-positive subjects when the 5 predicted peptides were used. But the approach of experimental
epitope finding, using single peptides derived from MERS-S pools showed strong T cell responses for one
MERS-S-peptide. Additionally, an in-depth analysis of T cell kinetics was performed by assessing T cell
polyfunctionality and cytokine profiles using Intracellular Staining and Luminex multi-analyte profiling assays
(27-plex). These results are currently analyzed and may provide further insights into the role and dynamics of
T cells in vaccine-mediated protection and may further accelerate MERS-S-specific immune monitoring and
the development of more efficacious MERS-CoV vaccine candidates.
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Attenuated pathogens have been used successfully for vaccinations against many infectious diseases caused
by viruses, bacteria or parasites. Several types of experimental malaria vaccines based on attenuated
parasites have been extensively tested in animals and humans (1,2). These include mosquito-transmitted
attenuated parasites that undergo a developmental arrest in the liver and can protect rodents and humans
from subsequent infections (1,3,4). This arrest is achieved by specifically deleting one or several genes
essential for liver stage infection (1,5,6,7). All these approaches have in common the goal to induce sterile
protection but several roadblocks currently limit their wider deployment (8). Here we propose an attenuated
vaccine based on a partially persisting but self-limiting blood stage infection initiated by a single vaccination
with sporozoites.
For the proof-of-concept we selected 16 candidate genes with a known highly reduced blood stage growth
phenotype (9). Until now we generated 9 knockout lines and characterization over the full parasite life cycle
revealed that some knockouts display various developmental arrests during blood or mosquito stages.
Nevertheless 5 lines successfully completed the life cycle including infectivity of mice by natural transmission.
In addition, expression of a candidate gene from a synthetic promoter that drives gene expression only in
mosquito stages allowed the full development of the parasite in mosquitoes and transmission to mice. There,
parasites were able to develop in the liver and to emerge into the blood stream, where they underwent several
cycles of replication before being cleared by the host. This led to complete protection of rodents from later
challenges with wild type parasites by just a single low dose infection successfully proofing the concept.
Adapting similar strategies to human parasites should be attainable with the available genetic engineering
toolbox.
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Although hepatitis B cure is highly desired, it is rarely achieved. HBV persistence correlates with lack of an
efficient virus-specific cytolytic T-cell (CTL) response. Induction of HBV-specific immune responses by
therapeutic vaccination seems promising, but has shown only limited efficacy so far. Thus, more potent
immunization strategies to treat chronic HBV infection are needed. Stimulation of TLR-9-induced TNF receptor
signaling, e.g. by CpG application, results in induction of iMATEs (intrahepatic myeloid-cell aggregates for Tcell population expansion) which serve as expansion centers for CTLs (Huang et al., Nature Immunology
2013). We therefore examined whether additional CpG application could improve the proliferation and
functionality of vaccine-induced CTLs locally in the liver, and thereby enhance the efficacy of therapeutic
vaccination in HBV1.3 transgenic and AAV-HBV-transduced mice.
Mice were immunized using a prime with particulate HBV core and S antigen (HBcAg, HBsAg) and boost with
a modified Vaccina virus Ankara vector expressing HBV core (MVA-C). Time kinetics experiment showed the
strongest expansion of effector CTLs in the liver when CpG was applied at day 3, but not later, after MVA
boost. Following this regimen, we performed proof-of-concept experiments in HBV1.3 transgenic mice. CpG
injection resulted in significantly higher numbers of intrahepatic HBV-specific CTLs producing interferongamma and granzyme B, compared to mice that received only the therapeutic vaccine. Moreover, therapeutic
vaccine and CpG treatment resulted in a significant decrease in serum HBV antigens and elevation in ALT
levels suggesting CTL-induced liver damage. We next used AAV-HBV transfection to establish persistent HBV
replication in mouse and alows to study immune-mediated clearance of HBV infection.
Therapeutic vaccination alone only transiently suppressed HBV replication, whereas additional CpG injection
led to a rapid decline of serum HBV antigens that remained low over the long-term observation period.
Moreover, only combination of therapeutic vaccination and CpG treatment resulted in efficient elimination of
HBV-positive hepatocytes, which was associated with high numbers of granzyme B-expressing HBV-specific
CTLs.
Our study demonstrates that CpG application significantly improved the quantity and the quality of HBVspecific CTL responses and increased the efficacy of therapeutic vaccination in mouse models of chronic HBV
infection.
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Most available HPV tumor models are in a murine MHC background and work with subcutaneous tumors.
However, access for T cells to the natural location of HPV infections – the mucosa – is more restricted
compared to the subcutis. Moreover, to assess therapeutic vaccines designed for human use, a human MHC
background is necessary. In a previous study, we established a subcutaneous HPV16 E6/E7-positive tumor
model (PAP-A2) in HLA-humanized A2.DR1 mice, and were able to demonstrate therapeutic efficacy of an
amphiphilic HPV16 E7 minimal epitope-based vaccine. We now aim to improve our model by establishing
tumors at the orthotopic mucosal site.
Several prerequisites have to be fulfilled for the tumor cells to be a suitable model: They need to express the
two viral proteins HPV16-E6 and –E7 as vaccination targets. Ideally, immortalization of the cells is also
dependent on these two proteins. Furthermore, the expression of an activated oncoprotein is required to render
the cells tumorigenic. Thirdly, for tumor monitoring at mucosal sites, the expression of luciferase is necessary.
The work of this project is based on two approaches: first, the already existing PAP-A2 cells were adapted for
the orthotopic instillation, and second, a new tumor model based on lung cells derived from A2.DR1 mice was
developed.
PAP-A2 cells are derived from an A2.DR1 sarcoma, and therefore are intrinsically tumorigenic. The HPV16
E6 and E7 proteins were introduced into this cell line purely to serve as target antigens. For the current
purpose, PAP-A2 were additionally transfected with luciferase. The A2.DR1 lung cells were immortalized by
transduction with HPV16 E6/E7, rendered tumorigenic by transfection with activated h-ras, and also
transfected with luciferase. In both cell lines HPV and h-ras protein expression was checked by Western blots,
luciferase expression by luminescence measurements. After successful validation of tumorigenicity of
subcutaneously injected cells, cells of both cell lines were instilled intravaginally into A2.DR1 mice, followed
by monitoring of tumor growth. Titration of the optimal cell number for consistent tumor formation will be the
next step.
As soon as the orthotopic HPV16 E6/E7-positive tumor model in A2.DR1 mice is completely established, it will
be used for testing new therapeutic vaccination strategies against HPV16 in vivo. Additionally, different
strategies to increase the migration of vaccination-induced T cells to the mucosal tumors will be examined and
compared.
In summary, the new orthotopic HPV16 tumor model will provide a closer representation of the prevailing
clinical setting, and will therefore help evaluation the requirements for a successful therapeutic vaccination
against HPV16-derived malignancies.
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Helicobacter pylori is known as the most common bacterial infection. This bacterium is highly adapted to the
human stomach and has developed various strategies to enable its chronic persistence. The chronic gastritis
caused by the persistent infection can progress to gastric cancer. The need for novel strategies to treat and
prevent this widespread infection is reflected by the high prevalence of the infection and the increasing
numbers of antibiotic resistant H. pylori strains. Thus, the development of a vaccine has emerged as an
attractive alternative. For an effective vaccine the induction of immunological memory, which is mediated by
memory T and B cells, is essential to induce protective immunity to pathogens. Recent studies in mice have
suggested that memory T cells that accumulate in tissues, named tissue-resident memory T (TRM) cells, play
a crucial role in maintaining long-term protective immunity to mucosal pathogens during infection but also for
effective immunisation.
In the present study, we analyzed if TRMs were induced upon different prophylactic vaccination strategies
against H. pylori and if this T cell response correlates with protection. We found that strong gastric immune
responses correlated much better with protection than splenic antigen- specific T cell responses.
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Human norovirus causes most viral gastroenteritis cases worldwide. Vaccine development is complicated by
genetic diversity, fast evolution as well as lack of cell culture and small animal models. Most norovirus vaccine
studies have focused on virus like particles (VLP), which implicate challenges in design and production. To
circumvent these issues and to easier include newly emerging strains into our multivalent vaccine we
constructed DNA-, RNA- and viral vector-based norovirus vaccine candidates.
We identified suitable GII.4, GII.17 and GI.1 capsid genes, expected to elicit immunity against most circulating
strains. After codon optimization, synthesized capsid genes were included into recombinant MVA-based
vectors, minicircle plasmids and mRNA-based systems. After in vitro analysis of the constructs, they are
currently tested in WT mice. To improve mucosal and antibody responses, we deliver our vaccine candidates
combined with bacterial ghosts, attenuated Salmonella, chitosan particles and microbubbles. Immune
responses are measured by ELISA, intracellular cytokine staining and ELISpot.
Candidates showing best immunogenicity in mice will be further characterized in terms of potency,
immunogenicity and dose.
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Introduction:
Exhaustion of virus-specific CD8 T cells is believed to be key for the development of persistent infection and
the transcription factor tox has been shown to be key in the orchestration of this exhausted phenotype in CD8
T cells. For tissue-resident memory T cells (TRM) cells it was shown that they develop in the memory phase of
an acute-resolved infection. During persistent infection, however, it was unclear whether tissue-resident T cells
arise and what function they still have. We, therefore, characterized the impact of chronic infection on the
development and functionality of liver TRM .
Methods:
C57BL/6 mice were infected with recombinant adenoviruses encoding the model antigen ovalbumin either
under the ubiquitous CMV promoter (Ad-CMV-GOL) or the hepatocyte-specific TTR promoter (Ad-TTR-GOL),
allowing for the induction of a resolved or chronic liver infection, respectively. Antigen-specific CD8 T cells
were isolated and analyzed by flow cytometry or sorted and subjected to transcriptome profiling. To study the
regulation of gene expression in hepatic TRMafter acute-resolving and chronic viral infection we generated the
genome-scale transcriptome profile by RNA-sequencing. Differentially expressed genes (DEGs) between
resolved and persistent liver TRMwere identified using DSeq2 algorithm. Pathway enrichment analysis of DEGs
was performed using the KEGG annotation using Metascape. Gene set enrichment analysis was performed
to compare TRMsignatures.
Results:
Antigen-specific liver TRMidentified by expression of CXCR6 and CD69 developed after acute self-limited AdCMV-GOL but also after chronic Ad-TTR-GOL infection. In contrast to acute self-limited infection, no CX3CR1expressing effector memory T cells (TEM) cells were detected in the liver during chronic Ad-TTR-GOL infection.
The transcriptome analysis enabled us to capture the core TRMsignature by comparing TRMand TEMpopulations
from different tissues and infection models. We also identified TNF signaling, apoptosis, Foxo signaling
pathways regulated differentially between liver TRMin resolved and chronic infection. Furthermore, we
constructed transcription factor target networks using a computational approach and predicted hierarchy and
dynamics of those networks. These results identified a unique transcriptional regulation of effector function in
liver-resident CD8 T cells.
Conclusion:
We report for the first time that liver TRMare also formed during chronic hepatic viral infection and that these
cells have an exhausted phenotype. Our identification of the mechanisms underlying the transcriptional control
of effector function in exhausted liver-resident CD8 T cells functionality demonstrates the existence of a
regulatory network beyond the exhaustion-promoting transcription factor tox. Understanding of these
mechanisms will be the basis for the development of a targeted intervention to reconstitute anti-viral effector
functions in exhausted T cells.
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Middle East respiratory syndrome coronavirus (MERS-CoV), a novel infectious agent causing severe
respiratory disease and death in humans, was first described in 2012. Antibodies directed against the MERSCoV spike (S) protein are thought to play a major role in controlling MERS-CoV infection and in mediating
vaccine-induced protective immunity. In contrast, relatively little is known about the role of T cell responses
and the antigenic targets of MERS-CoV that are recognized by CD8+ T cells. In this study, the highly conserved
MERS-CoV nucleocapsid (N) protein served as target immunogen to elicit MERS-CoV-specific cellular immune
responses. Modified Vaccinia virus Ankara (MVA), a safety-tested strain of vaccinia virus for preclinical and
clinical vaccine research, was used for generating MVA-MERS-N expressing recombinant N protein.
Overlapping peptides spanning the whole MERS-CoV N polypeptide were used to identify major
histocompatibility complex class I/II-restricted T cell responses in BALB/c mice immunized with MVA-MERSN. We have identified a H2-d restricted decamer peptide epitope in the MERS-N protein with CD8+ T cell
antigenicity. The identification of this epitope and the availability of the MVA-MERS-N candidate vaccine will
help to evaluate MERS-N-specific immune responses and the potential immune correlates of vaccinemediated protection in the appropriate murine models of MERS-CoV infection.
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RNAi-mediated suppression of PD-L1 to restore Hepatitis B Virus-specific immunity
and enhance the efficacy of therapeutic vaccination
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The World Health Organization estimates that approximately 270 million people are chronically infected with
the Hepatitis B Virus (HBV) and since long term infection leads to cirrhosis and hepatocellular carcinoma it
remains a global health burden. HBV persistence was found to correlate with a failure to develop an efficient
virus-specific T-cell response. Induction of HBV-specific immune responses by therapeutic vaccination is a
promising strategy for HBV cure but has shown only limited efficacy so far. We could recently proof that high
expression levels of HBV antigens prevents induction of virus-specific T cell responses by therapeutic
vaccination. For this, HBV-transgenic mice were treated with liver-directed HBV-specific siRNAs to suppress
HBV antigen expression in the liver before applying therapeutic vaccination. Only mice with suppressed HBVantigen titers responded to vaccination with induction of strong HBV-specific T cell responses which controlled
HBV replication. Different mechanisms have been proposed to mediate HBV T-cell tolerance, including
impairment via immune checkpoints (e.g. PD-1/PD-L1 interaction) which is supported by clinical findings of
high PD-1 expression on HBV-specific T cells of chronic hepatitis B patients.
To further investigate the role of the PD-L1/PD-1 axis in HBV T-cell tolerance, we investigated how PD-L1
expression is affected by HBV antigen levels. For this, we investigated if reduction of HBV antigen levels
affected PD-L1 expression in the liver. Indeed, a decrease in PD-L1 mRNA expression was observed in liver
lysates of mice in which HBV antigen expression was suppressed. We now assessed whether suppression of
PD-L1 expression in the liver would enhance immune responses induced by therapeutic vaccination. For this,
we transduced wildtype mice with Adeno-Associated Virus (AAV) harboring an 1.2-overlength HBV genome
(AAV-HBV) and treated with siRNA against PD-L1 in combination with TherVacB. The combination of
vaccination and αPD-L1 treatment vs. vaccination alone led to higher frequencies of HBV-specific CD8+ Tcells. HBsAg and HBeAg level were lower in mice receiving both treatments. Furthermore we could see higher
anti-HBe and anti-HBs antibody levels when PD-L1 was suppressed by siRNA. To investigate whether our
treatment has an effect on HBV transcription we analyzed pregenomic RNA (pgRNA) levels in the liver.
TherVacB in combination with siRNA showed a 85% decrease in pgRNA compared to vaccination only.
Taken together, our data indicate that targeting either HBV transcription or PD-L1 by siRNA leads to an
improved efficacy of therapeutic vaccination in chronic HBV infection.
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In vivo human antibody farming in humanized mice immunized with engineered
human DCs and protected against HCMV reactivations
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Objectives:
Reactivation of human cytomegalovirus (HCMV) after transplantations results in high morbidity and mortality.
Effective immunization is an unmet clinical need due to delayed reconstitution of functional dendritic cells
(DCs). We developed a monocyte-based immune therapy expressing HCMV-gB, granulocyte-macrophage
colony-stimulating factor (GM-CSF) and interferon-alpha (INF-α)*. After lentiviral gene-modification,
monocytes underwent self-differentiation towards induced DCs presenting gB on the cell membrane
persistently (iDCgB). We recently described that TB40-HCMV expressing Gaussia Luciferase (HCMV/GLuc)
recapitulated viral reactivation in humanized mice (Theobald, et al. 2018). Our goal here was to test iDCgB in
the preclinical in vivo model to: (i) evaluate the protective effects and identify biomarkers of immune response
and (ii) develop technologies for obtaining human neutralizing antibodies.
Methods:
Nod.Rag.Gamma (NRG) mice humanized with cord blood CD34+ cells (3 donors) were treated with PBS (n=12)
or immunized with same-donor iDCgB (n=17). All mice were challenged with HCMV/GLuc.
Results:
Optical imaging analyses and HCMV q-PCR showed that all control mice developed HCMV reactivations and
roughly 60% of the immunized mice were protected (7 from 17 iDCgB immunized are PCR negative in liver).
A machine learning approach was employed to identify descriptive immune phenotypic biomarkers of
responses in different tissues. The biomarkers set bone marrow total T/CD4+, liver total B/IgA+ and spleen
total B/IgG+ cells descriptive the immunization impact (≈86.6% accuracy). Splenic B cells from iDCgBimmunized humanized mice were immortalized with EBV. Several EBV lines secreted gB-specific IgGs, which
neutralized HCMV in vitro. Single cell RNA isolation from gB-binding B cells was performed for generation and
characterization of human monoclonal antibodies with gB-binding and HCMV-neutralizing activity.
Conclusions:
The iDC technology* can be translated as a novel immune therapy to accelerate B cell and humoral responses
against HCMV in transplanted patients. Further, it can explored for “fully human antibody farming” in
humanized mice for production of potent antibodies.
* Stripecke et al. “INDUCED DENDRITIC CELLS AND USES THEREOF”. US patent No: US10,272,111 B2.
Date of patent Apr. 30, 2019.
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Background
Using fully infectious Plasmodium falciparum sporozoites (PfSPZ Challenge) with a concomitant antimalarial
(PfSPZ Chemoprophylaxis Vaccine – PfSPZ-CVac) is a highly efficient method to induce sterile immunity
against malaria. Most human studies have used chloroquine, a blood stage antimalarial, as prophylactic
partner drug. The use of chloroquine is not optimal because: i) chloroquine-resistant parasites cannot be used,
ii) the standard regimen is difficult to implement in routine settings, iii) high doses of PfSPZ Challenge are
associated with short-lived malaria-like symptoms upon parasite egress from the liver and iv) chloroquinerelated adverse events. A practical and simple approach for PfSPZ-CVac is required for further development.
Methods
In three DZIF-funded clinical trials, we assessed alternative drugs and schedules to improve PfSPZ-CVac.
In the TÜCHMI-2 trial chloroquine alone or in combination with azithromycin was tested.
In Stage A, volunteers received 10 doses of chloroquine over 10 weeks and three injections by direct venous
inoculation of either placebo, 3,200 PfSPZ (Group I), 12,800 PfSPZ (Group II) or 51,200 PfSPZ Challenge
(Group III) at 28-day interval. The most efficacious dose was assessed in Stage B to reduce complexity of the
regimen: three injections at 14- and 5-day intervals. In the MALACHITE trial, atovaquone/proguanil was used
as concomitant antimalarial. 51,200 PfSPZ (Group A) or 150,000 PfSPZ Challenge (Group B) was
administered vs. placebo intravenously three times, four weeks apart.
To asses protective efficacy, in both studies a homologous controlled human malaria infection (CHMI) was
performed at least eight weeks after the last PfSPZ Challenge injection for immunization.
In the ongoing trial CVAC-Tü3, we administer 110,000 PfSPZ Challenge, strain NF54 vs. placebo intravenously
three times, on Day 0, 5, 28. Chloroquine is given prior to each PfSPZ/placebo immunization. Efficacy is tested
using standardized controlled human malaria infection by direct venous inoculation of 3,200 PfSPZ Challenge,
clone 7G8, 12, 26, and 52 weeks following the last immunization.
Results
Immunization with PfSPZ Challenge was well tolerated and safe in all the three studies. Protective efficacy
was dependent on dose, interval and partner drug.
In TÜCHMI-2, Stage A 33% (3/9) of the volunteers in Group I, 67% (6/9) in Group II and 100% (9/9) in Group
III were protected. Efficacy of condensed regimens was 67% and in the 14-day interval group and 63% in the
5-day intervals group.
Immunization with atovaquone/proguanil showed modest efficacy in both groups, 25 % (2/8) and 20% (2/10),
respectively.
Results of the first controlled human malaria infection in CVac-Tü3 will be presented.
Conclusion
PfSPZ-CVac is a highly efficacious immunization strategy in healthy, malaria-naïve volunteers. Drugs that
interfere with liver stage development reduce efficacy, whereas highly condensed regimen still provide robust
protection.
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scope of a homologous prime-boost vaccination with the vaccine candidate MVAMERS-S
H.-M. Weichel1, 2, 3, A. Fathi1, 2, 3, M. L. Ly1, 2, 3, C. Dahlke1, 2, 3, S. Lassen1, 2, 3, A. Volz4, 5, S. Becker6, G. Sutter4,
5
, MVA-MERS-S Study Group, M. M. Addo1, 2, 3
1

University Medical Center Hamburg-Eppendorf, 1. Department of Medicine, Division of Infectious Diseases,
Hamburg, Germany, 2Bernhard Nocht Institute for Tropical Medicine, Department for Clinical Immunology of
Infectious Diseases, Hamburg, Germany, 3German Center for Infection Research, partner site HamburgLübeck-Borstel-Riems, Germany, 4German Center for Infection Research, partner site Munich, Germany,
5
Institute of Infectious Diseases and Zoonoses, Ludwig Maximilians University of Munich, Munich, Germany,
6
German Center for Infection Research, partner site Gießen-Marburg-Langen, Germany
Middle East Respiratory Syndrome (MERS) is a WHO Blueprint priority disease caused by MERS coronavirus
(MERS-CoV). Infection may cause severe pneumonia and multi-organ failure and is associated with a relatively
high case-fatality rate of about 35%. Currently, there are no medical countermeasures available. Considering
the high epidemic potential of MERS-CoV infection, fast and efficient development of a protective vaccine is,
therefore, of great interest. The vaccine candidate MVA-MERS-S was proven safe and immunogenic in small
and large animal models as well as in a subsequent first-in-human Phase I vaccine trial conducted in our
working group. MVA-MERS-S is a viral vector vaccine utilizing the attenuated poxvirus Modified Vaccinia virus
Ankara (MVA). While MVA has increasingly been used as viral vaccine vector the influence of anti-vector
immunity on formation of antigen-specific immunity remains poorly understood.
In order to evaluate this aspect in MVA-MERS-S vaccinated individuals, we aim to establish an MVA-specific
ELISpot assay to measure MVA-specific T-cell mediated release of interferon γ (IFN-γ). First, we recruited 10
healthy adults with prior smallpox vaccination in their childhood. Whole blood samples were collected and
peripheral blood mononuclear cells (PBMCs) were isolated and cryopreserved. We identified immunogenic
MVA peptide pools (MVA093L, MVA189R, and MVA121L) via literature review and established MVA-specific
ex vivo and cultured ELISpot protocols in our test cohort. For cultured ELISpot assays, cryopreserved PBMCs
were cultured with MVA peptide pools in the presence of interleukin-2 (IL-2) for 9 days followed by washing
and overnight resting. The ELISpot assay was performed the next day. Additionally, subpopulations of PBMCs
were analyzed by flow-cytometry on day 1 and day 10.
We could detect MVA093L-specific T cell responses in 1 out of 10 adults (39 years after smallpox
immunization) ex vivo and in vitro. In vitro T cell responses were increased in MVA093L cultured PBMCs as
well as in PBMCs cultured without antigen. Further, in 2 adults MVA121L-specific T cell responses were
detectable after in vitro stimulation. MVA189R-specific T cell responses could not be detected in our test
cohort.
Subsequently, we started testing the MVA peptide pools in our MVA-MERS-S vaccine cohort and are aiming
to assess anti-MVA IFN-γ T cell responses in order to gain a detailed understanding of the development of
cellular anti-vector immunity and its effect on immune responses to the MERS-S antigenic insert. This
knowledge may help optimize vector vaccine strategies and efficacy in the future.
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Introduction
Nipah virus (NiV) is a highly pathogenic zoonotic paramyxovirus (BSL4) that is transmitted to humans from
bats directly or via intermediate hosts. NiV infection in humans causes severe acute respiratory syndrome and
encephalitis with high mortality rates. The presence of NiV in wildlife hosts, its capacity to infect a wide range
of animals and its ease of propagation, makes it an emerging infectious agent of concern. Thus, safe and
effective vaccines are needed for prophylaxis in humans and animals. Modified Vaccinia Virus Ankara (MVA),
a highly attenuated and replication deficient virus with a favourable safety profile, serves as a potent vector
system for the development of candidate vaccines against infectious diseases.
Objective
We generated two recombinant MVA candidate vaccines expressing NiV glycoprotein (G), a highly promising
NiV-specific immunogen, compatible with clinical evaluation. We aimed to test the ability of the vaccines to
elicit NiV-G specific cell-mediated and humoral immune responses.
Material & Methods
We generated two recombinant MVA vaccines expressing either the full-length form (MVA-NiVG) or soluble
form (MVA-NiVsG) of NiV-G. The cDNA gene sequences encoding the G antigen were generated by DNA
synthesis and modified by introducing silent codon alterations that remove termination signals for vaccinia
virus early transcription. The target gene was cloned into MVA vector plasmids and introduced by homologous
recombination into the MVA genome.
Results
The recombinant MVA viruses expressing NiV-G were genetically stable and replicated efficiently in MVA
permissive chicken embryo fibroblasts but not in human cell lines. Infections of human cell cultures with
recombinant MVA demonstrated efficient synthesis of NiV G proteins in mammalian cells non-permissive for
MVA replication. When evaluated as experimental vaccine in IFNAR-/- mice, MVA-NiV-G was inoculated once
or twice within a 24-day interval using a dose of 108 pfu via the intramuscular route. To measure T cell
immunity, we generated a peptide library covering the whole NiV-G protein and identified peptides that
stimulated IFNγ-producing CD8 T cells by IFNγ-Elispot assay and intracellular cytokine staining. These
peptides stimulated the production of both IFNγ and TNFα by activated CD8 T cells. Both recombinant MVA
vaccine candidates elicited T cell immunity, with MVA-NiVsG stimulating a more robust CD8 T cell response
in vitro after prime-only and prime-boost immunisations. Both vaccines also stimulated the production of antiNiV-G IgG antibodies in immunised mice.
Conclusion
We developed two NiV candidate vaccines that generated anti-NiV-G cell-mediated and humoral immunity.
These vaccines await further testing to evaluate their protective efficacy in a mouse model of NiV challenge.
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To improve vaccine-mediated protection, changing the antigen load or the time between doses (time to boost)
can be used to influence the lifespan of the immune protection 1,2 and the generation of different subsets within
the memory T cell compartment after initial priming is associated with the acquisition of long-lasting protection
2
.
In the context of malaria vaccines, it has been shown that intravenous immunization of malaria-naïve
volunteers with whole cryopreserved Plasmodium falciparum sporozoites (PfSPZ) under chloroquine
chemoprophylaxis (PfSPZ Chemoprophylaxis Vaccine; PfSPZ-CVac) can induce sterile protection against
controlled human malaria infection (CHMI), which is associated with the induction of P. falciparum-specific
polyfunctional CD4 memory T cells upon stimulation with PfSPZ infected RBCs following an immunization
schedule of three doses of PfSPZ in four week intervals 3.
Here, we investigated how condensed PfSPZ-CVac regimens (3 vaccinations, 14 or 5 days apart) impact
humoral and CD4 T cell memory in malaria-naïve volunteers. Typing of antigen-specific cells T cell responses
following vaccination with PfSPZ is restrained by the low abundance of reactive cells.
To detect antigen-specific T cells we used, for the first time in a malaria vaccine trial, a flow cytometric assay
based on the magnetic pre-enrichment of antigen-specific CD40L+CD4+ T cells to monitor the antigen-reactive
naïve and memory T-helper cells (Th) directly from fresh human peripheral blood mononuclear cells (PBMCs)
4
. Our findings illustrate that the optimal time for boosting with PfSPZ-CVac is flexible and doesn’t require
months until the second or third immunization recalls. Furthermore, reducing the time until the next vaccination
favors the generation of cells with effector capacities (TEM) rather than clone proliferation (TCM). Interestingly,
humoral responses are equally affected, with higher amplitude and breadth when schedules are most
condensed.

Fig. 1 Clinical trial design of TÜCHMI-002

151

Symposium V: Vaccines and Vaccination Strategies

DZIF 2019-References:
1. Macallan, D. C., Borghans, J. A. M. & Asquith, B. Human T Cell Memory: A Dynamic View. Vaccines (Basel)
5, (2017).
2. Sallusto, F., Lanzavecchia, A., Araki, K. & Ahmed, R. From Vaccines to Memory and Back. Immunity 33,
451–463 (2010).
3. Mordmüller, B. et al. Sterile protection against human malaria by chemoattenuated PfSPZ vaccine. Nature
542, 445–449 (2017).
4. Bacher, P. et al. Antigen-reactive T cell enrichment for direct, high-resolution analysis of the human naive
and memory Th cell repertoire. J. Immunol. 190, 3967–3976 (2013).

152

Symposium V: Vaccines and Vaccination Strategies
P99
Characterization of the cell surface-associated esterase-like enzyme hp2160 as a
vaccine candidate against Staphylococcus aureus
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With the emergence of multi-antibiotic resistant Staphylococcus aureus strains that have become virtually
insusceptible to antibiotic treatment, the ability to treat these infections has developed increasing clinical
relevance worldwide. Vaccination as an alternative strategy against S. aureus can present an effective way to
treat and control otherwise untreatable infections.

The development of active vaccines relies on the identification of unique epitopes that can trigger an immune
response. S. aureus hypothetical protein 2160 (hp2160) was identified by proteomic approach as a candidate
for vaccine development. Immunization with recombinant hp2160 stimulated IgG production and demonstrated
protection from lethal S. aureus infections in a murine sepsis model. Therefore, monoclonal antibodies
(moAbs) were generated by hybridoma technology. The anti-hp2160 16-2 moAb was selected as this antibody
exclusively provides protection against S. aureus infection in mice after passive immunization. The epitope of
anti-hp2160 16-2 moAb was identified by microarray analyses. Immunization with this epitope vaccine resulted
in a lower bacterial burden in organs after S. aureus infection.
Hp2160 is not yet characterized but was found to be present on the cell surface of S. aureus. The mechanism
by which hp2160 localizes at the cell surface could not be determined by in silico analysis as no classical
signal sequence could be found. Localization was studied by comparative Western blot analysis and external
attachment experiments.
Structural analysis of hp2160 revealed an α,β-hydrolase fold, leading to its preliminary classification as an
esterase-like enzyme. The putative active site serine is likely embedded in an unusual G-X-X-S-G motif. To
determine the function of hp2160, different vectors for heterologous expression in Escherichia coli were
constructed from which hp2160 was successfully produced and purified. Biochemical and enzymatic assays
were performed, showing hydrolytic activity of the recombinant protein against various esterase substrates. A
version of hp2160 in which the presumed active site serine was exchanged with alanine was created and
analyzed for enzymatic activity.
By elucidating hp2160’s role in its cellular context we aim to affirm its validity as a candidate protein for vaccine
development as a strategy to circumvent antibiotic resistances in the treatment of S. aureus infections.
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The induction of highly potent broadly neutralizing antibodies (bNAbs) is likely to determine the success of an
efficient protection from HIV-1 infection. As demonstrated by the recent isolation of bNAbs, a small fraction of
HIV-1-infected individuals is capable of generating such antibodies. However, compared to antibodies that
neutralize other infectious pathogens, like influenza, measles, or polio, bNAbs targeting HIV-1 frequently carry
uncommon molecular characteristics that might hamper their induction by classical vaccination strategies.
Using an unbiased template-switch-based sequencing approach, we analyzed B cell receptor heavy and light
chains from naive and memory IgG+ B cells of 48 healthy and 36 chronically infected individuals (HIV-1 or
HCV infected; treated/untreated). Based on these data, we establish a probabilistic model to predict the
likelihood of generating specific bNAbs depending on informative sequence features. Moreover, we investigate
the correlation between the likelihood of bNAb generation and their neutralizing activity. With this approach we
expect to identify bNAb classes that are preferred candidates for antibody-mediated HIV-1 vaccine strategies.
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Despite novel approaches to cure Hepatitis C Virus (HCV) infection, the development of a protective vaccine
is of critical need to effectively combat the HCV epidemic. Neutralizing antibodies targeting the envelope
glycoproteins E1 and E2 can contribute to HCV protection. For example, HCV neutralizing antibodies are able
to prevent infection in humanized mice and are associated with spontaneous HCV clearance in humans.
However, HCV possesses an extraordinary genetic diversity and a successful vaccine would have to elicit
broadly neutralizing antibodies (bNAbs) that target most of the existing genotypes. To this end, we have
screened 435 HCV-infected individuals and identified HCV elite neutralizers that presented with an outstanding
anti-HCV antibody serum response. From 4 of these individuals, we have analyzed a total of 1,496 E2-reactive
B cells on a single cell level revealing a high resolution of a polyclonal and neutralizing HCV antibody response.
We expect that the detailed information on the development of HCV neutralizing antibodies result in improved
HCV vaccination strategies that can lead to an effective reduction of HCV transmission.
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TLR7 and TLR8 are essential sensors of pathogenic RNA in the endosomal compartment. Although both
receptors can be activated by cleavage products of common single-stranded and double-stranded RNA
(ssRNA, dsRNA) ligands, TLR7 and TLR8 nonetheless demonstrate important functional differences. In
previous studies, we found that TLR7 is primarily expressed in human pDCs and B cells, while TLR8 is
predominantly expressed human primary monocytes, macrophages and myeloid dendritic cells. Moreover,
TLR7 activation in pDCs induces the secretion of high amounts of type I interferon, TLR8 activation in primary
monocytes results in the secretion of Th1 inducing IL-12p70 and pro-inflammatory cytokines. Thus, the
development of specific agonists for TLR7 and TLR8 would allow for selective activation of these cellular
subsets and pathways.
Here we designed an array of TLR7 and TLR8 specific RNA oligonucleotides. We identified TLR7 activating
oligonucleotides in which the presence of a single G·U wobble base pair within a non U-containing sequence
context is sufficient for optimal activation. Furthermore, we developed TLR8 selective RNA oligonucleotide
agonists. Comparing our RNA oligonucleotide agonists to different small molecule agonists of TLR7 and TLR8
in vitro we found that oligonucleotide ligands were less toxic and more potent compared to small molecule
agonists. Interestingly, a qualitative difference of the response was observed with the oligonucleotide agonists
compared to small molecule agonists. Since in vivo models with rodents can not be applied for preclinical
development of TLR8 RNA oligonucleotide agonists (TLR8 not expressed), ferrets (influenza infection model)
and woodchucks (hepatitis B infection model) were identified as suitable animal models. Preliminary data on
safety and efficacy of TLR8 agonists in ferrets, woodchucks and humanized mice will be presented. In
summary, our results suggest that TLR7 and TLR8 ligands due to their favorable functional characteristics are
highly attractive compounds for the clinical development as anti-infectives and vaccine adjuvants.
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Evaluation of chimeric and humanized mouse models as platforms to evaluate Ebola
virus vaccine candidates
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To date, there are neither licensed vaccines nor antiviral therapeutics available to prevent and treat Ebola virus
disease (EVD). The current outbreak in Democratic Republic Congo (DRC) with nearly 3000 cases and close
to 2000 deaths demonstrates again that these are urgently needed. One obstacle is the lack of suitable small
animal models for testing and evaluating possible vaccine candidates. To overcome this issue our laboratory
has previously developed mouse models susceptible to non-adapted EBOV and yet retaining immune
competence (Lüdtke et al., 2017; Lüdtke et al. 2015).
In this study we have evaluated the suitability of two of these models, namely, chimeric and humanized mice
for testing of EBOV vaccine candidates. In chimeric mice, type I interferon (IFN) deficiency is restricted to the
stromal compartment while the hematopoietic compartment is wt. In humanized mice, NSG mice harboring
human HLA-A2 are repopulated with human hematopoiesis via transplantation of human CD34+ cells from
cord blood.
Upon vaccination with rVSV-ZEBOV-GP (Geisbert and Feldmann 2011), both models mounted GP-specific
antibody and T cell responses. Epitope coverage data show similar immunodominance patterns that those
found in human vaccinees.
We speculate that chimeric and humanized mice may provide a suitable preclinical model for testing of vaccine
candidates already in clinical trials as well as future vaccine platforms.

Geisbert, T. W., & Feldmann, H. (2011). Recombinant vesicular stomatitis virus–based vaccines against Ebola
and Marburg virus infections. The Journal of infectious diseases, 204(suppl_3), S1075-S1081.
Lüdtke, A., Oestereich, L., Ruibal, P., Wurr, S., Pallasch, E., Bockholt, S., ... & Rodríguez, E. (2015). Ebola
virus disease in mice with transplanted human hematopoietic stem cells. Journal of virology, 89(8), 4700-4704.
Lüdtke, A., Ruibal, P., Wozniak, D. M., Pallasch, E., Wurr, S., Bockholt, S., ... & Günther, S. (2017). Ebola
virus infection kinetics in chimeric mice reveal a key role of T cells as barriers for virus dissemination. Scientific
reports, 7, 43776.
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Characterization of humoral immunity for tick-borne encephalitis vaccination in
allogeneic blood and marrow graft recipients: a pilot study
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Background
In Central and Eastern Europe, tick borne encephalitis (TBE) is the most common viral disease transmitted by
infected ticks. The aim of the present prospective single-center study was to characterize the humoral immune
response following a basic immunization with TBE-vaccine among patients after allogeneic stem cell
transplantation (HSCT) compared to healthy volunteers without previous TBE-vaccination.
Methods
From July 2014 to January 2018, 19 adult patients 11 to 13 months after HSCT and 15 unvaccinated healthy
adults were recruited at the Medical University of Vienna, Austria. Each participant received up to three TBEvaccinations with antibodies being measured by neutalization test (NT) at baseline, 4 weeks after 2nd and 4
weeks after 3rd vaccination. As primary endpoint, the titer response defined as NT >=1:10 and at least a 2fold increase from baseline four weeks after 2nd vaccination was compared between HSCT patients and
healthy controls using Fisher's exact test. This study was funded by a grant of the Austrian Science Fund (KLI
372) and was additionally supported by a grant of Pfizer.
Results
Prior first TBE vaccination, 15 of 19 (78.9%) HSCT patients (median age 31 years) still had neutralizing
antibodies against TBE virus (NT>=1:10), whereas all 15 unvaccinated controls (median age 30 years) did not
have any detectable NT-titers. Four weeks after 2nd vaccination, we found a statistically significantly reduced
antibody response in HSCT patients (35.3% titer response among 17 patients versus 93.3% titer response
among 15 controls; p<0.001). In univariate logistic regression analysis, a normal T-cell reconstitution at
baseline (odds ratio (OR) 8.9, p=0.03), meaning CD4+ and CD8+ count in normal range, and the absolute
CD4 count at baseline (OR 1.01, p=0.02) were significantly associated with titer response. Although not
statistically signficant, patients with related donor tended to show more responders than patients with unrelated
donors (OR 6.1, p=0.077). In the multivariate model, only the CD4-cell count remained statistically significantly
associated with titer response after TBE vaccination (p=0.019).
Conclusions
Interestingly, the majority of HSCT patients still had protective antibody titers one year after HSCT prior TBE
vaccination suggesting that immunity is either retained by patients after transplantation or transferred from the
donor to the recipient. Following vaccination titer response was significantly reduced in patients compared to
healthy controls and the CD4-cell count at baseline was a positive predictor for titer response in HSCT patients.
Therefore, the role of cellular immunity should be further investigated.
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Global guideline for the diagnosis and management of mucormycosis: An initiative
of the European Confederation of Medical Mycology in cooperation with the Mycoses
Study Group Education and Research Consortium
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Background
Mucormycosis is a difficult to diagnose rare disease with high morbidity and mortality. Diagnosis is often
delayed, and disease tends to progress rapidly. Urgent surgical and medical intervention is lifesaving.
Guidance on the complex multidisciplinary management has potential to improve prognosis, but approaches
differ between health care settings.
Methods
From January 2018, authors from 33 countries in all United Nations regions analysed the published evidence
on mucormycosis management and provided consensus recommendations addressing differences between
the regions of the world as part of the “One World One Guideline” initiative of the European Confederation of
Medical Mycology (ECMM). The author group based in 17 time zones, relied on electronic media including
video tutorial on methodology, and central document repository with several daily updates.
Results
Signs and symptoms of mucormycosis depend on organ patterns and underlying conditions. Diagnostic
management does not differ greatly between world regions. Upon suspicion of mucormycosis appropriate
imaging is strongly recommended to document extent of disease and is followed by strongly recommended
surgical intervention. First-line treatment with high-dose liposomal amphotericin B is strongly recommended,
while intravenous isavuconazole and intravenous or delayed release tablet posaconazole are recommended
with moderate strength. Both triazoles are strongly recommended salvage treatments. Amphotericin B
deoxycholate is recommended against, because of substantial toxicity, but may be the only option in resource
limited settings.
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Conclusion
Management of mucormycosis depends on recognising disease patterns and on early diagnosis. Limited
availability of contemporary treatments burdens patients in low and middle income settings. Areas of
uncertainty were identified and future research directions specified.
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Prevalence and Origin of rare HCV Genotypes and Subtypes in patients with failure
to a direct acting antiviral (DAA) treatment
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Background
Since the approval of direct acting antiviral (DAA) combination therapies, the majority of patients with chronic
hepatitis C can be cured. However, reduced SVR (sustained virologic response) rates have been observed in
the presence of resistance-associated substitutions (RASs) and/or cirrhosis as well as in certain HCV
genotypes and subtypes. In this study, we evaluated the frequencies of rare HCV genotypes (GT) and
subtypes together with the prevalence of RASs in a cohort of patients who have failed to a DAA based
treatment.
Methods
The European HCV Resistance Database currently contains 6395 patient samples, thereof 1243 patients with
failure to a DAA based treatment. We conducted population-based sequencing of the HCV NS3, NS5A and
NS5B genes, re-evaluated all geno- and subtypes and analyzed RASs with a >2-fold increased DAA drug
susceptibility.
Results
Altogether 4% of DAA failure patients were infected with rare genotypes or subtypes (n=54/1243). Most
patients have failed to a NS5A inhibitor-based treatment. The majority of patients had been treated with
ledipasvir/sofosbuvir
(n=19),
daclatasvir/sofosbuvir
(n=10),
velpatasvir/sofosbuvir
(n=8),
paritaprevir/ombitasvir ± dasabuvir (n=9), glecaprevir/pibrentasvir (n=4) or grazoprevir/elbasvir (n=2). Further
two individuals have failed upon a suboptimal sofosbuvir/ribavirin treatment. Altogether 5 individuals had rare
GT1 subtypes (1c, n=1; 1e, n=2; 1l, n=1, unassigned subtype, n=1) and 3 patients were of African origin. In
14 patients, rare GT3 subtypes were detected (3b, n=8; 3g, n=1; 3h, n=2; 3i, n=1; 3k, n=1; unassigned, n=1)
and most patients originated from Pakistan/South Asia. In the majority of patients (n=27) an infection with rare
GT4 subtypes was detected (4b, n=2; 4c, n=1; 4f, n=1; 4n, n=3; 4o, n=1; 4r, n=17; 4v, n=1; unassigned n=1)
and most of the patients hailed from Africa. Further rare genotypes detected were GT5 (5a, n=2) as well as
GT6 (6e, n=2; 6f, n=2; 6n, n=1; 6r, n=1) in individuals from South East Asia. NS3 RASs were infrequent in all
genotypes. NS5A RASs were rather uncommon in GT1, GT5 and GT6 subtypes, however were highly frequent
in patients with rare GT3 or GT4 subtypes. All subtype 3b patients harbored A30K plus L31M double variants
whereas in the other GT3 subtypes distinct RAS patterns were observed (Y93H prevalence 33%). Among
GT4, all patients with subtype 4r harbored NS5A RASs at least at 2 or more positions (L28M/V, L30R, M31L/V)
while other subtypes mainly had RASs at one position (L30). The overall frequency of Y93H was low all in GT4
subtypes (13%).
Conclusions
Rare genotypes and subtypes were observed after failure to all currently approved DAA regimens. Highly
diverse GT 3 and 4 subtypes were observed in South Asian and African patients together with high numbers
of NS5A RASs which may have implications for a HCV elimination in these countries.
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Tuberculosis in HIV-infected patients from the Cologne-Bonn cohort
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Objectives
Tuberculosis (TB) is still a major challenge in HIV-positive individuals. The risk of developing an active TB is
20-fold higher compared to HIV-negative people. The incidence of TB/HIV coinfection is difficult to assess in
Germany as joint HIV and TB surveillance data sources are not available. The aim of the present study is to
analyse TB/HIV coinfections within the Cologne-Bonn cohort regarding risk factors and incidence.
Methods
Patients with TB/HIV coinfection were systematically identified in the Cologne/Bonn HIV cohort between 20062017. Data concerning the HIV-infection, antiretroviral therapy, manifestation of tuberculosis, treatment of TB,
outcome and other clinical characteristics were collected for this retrospective analysis.
Results
Out of 4806 HIV-infected patients who were treated in Cologne/Bonn during 2006-2017, 62/1.29% (male=38,
female= 24) were diagnosed with active TB. 76% (n=47) of these coinfected patients were not born in
Germany, 34% (n=16) developed TB within the first five years after entering Germany, and 11% (n=5) were
diagnosed with TB before migrating. The leading region of origin was Sub-Sahara Africa (n=23/37%).
Regarding gender and origin, 32% (n=12) of coinfected men originated from Germany, whereas only 12.5%
(n=3) of coinfected women were born in Germany.
Conclusion
As there are no official statistics on HIV/TB coinfections provided by German health authorities, this study may
contribute to develop TB screening concepts in low incidence countries and gain information about HIVpositive patients who are at risk of developing TB.
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Arenavirus persistence in Mastomys natalensis, the natural rodent reservoir of Lassa
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Lassa virus (LASV) is a single-stranded RNA virus belonging to the Arenavirus family and is endemic in several
regions in Western Africa. This rodent-borne pathogen can cause a severe haemorrhagic fever in humans
leading up to 5000 deaths per year. Its natural host is the natal multimammate rat Mastomys natalensis, a
commensal rodent that inhabits large parts of Sub-Saharan Africa. Due to its epidemic potential and the current
lack of specific treatments or licensed vaccines LASV has been recently classified as a priority pathogen by
the WHO.
So far little is known about the pathogenesis in humans or the viral dynamics in the rodent host. Understanding
the viral ecology and virus-host interactions in the natural reservoir is important to establish prevention
strategies. Mastomys are also hosts to several other non-pathogenic viruses like the Morogoro virus (MORV)
that can be found in Tanzania. Our aim is to characterize the course of infection and viral dynamics of LASV
and related arenaviruses in Mastomys natalensis. In this study we conducted a series of transmission and
infection experiments using the closely related MORV as a surrogate for LASV infection in the rodent host.
Mastomys natalensis were infected with MORV at different timepoints using different infection routes. Blood,
organs and urine were sampled in frequent intervals up to four months post infection and viral RNA levels and
antibody-presence were analysed.
We could show that the age of the host plays a crucial role for the development of viral persistence in Mastomys
natalensis. Contact with MORV within the first two weeks after birth leads to a chronic infection whereas older
animals only show transient viremia followed by seroconversion. Furthermore, chronically infected individuals
remain viremic, despite the presence of antibodies, and shed infectious virus throughout their lifetime. The
virus had no adverse effect on growth and development of infected individuals.
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Tuberculosis (TB) is the prime bacterial infectious disease in humans worldwide and caused by bacteria of the
Mycobacterium tuberculosis (M. tuberculosis) complex. Active TB patients develop lung granulomas leading
exacerbated pathology characterized by necrotic granulomas and cavities. Despite cure following successful
standard of care antibiotic therapy, a significant number of patients fail to regain sufficient lung function and
suffer from long-term sequelae.
We hypothesize that I) pulmonary sequelae following active TB are caused by exacerbated inflammation and
severe tissue destruction prior to initiation of treatment, and II) that neutrophil granulocytes play a critical role
in disease exacerbation. To identify pro- or diagnostic biomarkers for pathological sequelae, we analyze
sputum samples as representative material originating from the site of infection and therefore carrying
signatures generated during neutrophil driven inflammation. Proteins, lipids and mRNA are putative point-ofcare (POC) signatures for disease exacerbation to predict long-term sequelae and, ultimately, to guide hostdirected therapies (HDT) to support antibiotic treatment and to limit immunopathology.
To investigate new biomarkers, we use protein-biochemistry, flow cytometry, mass spectrometry (MS) and
RNAseq to analyze sputum samples from active TB patients during antibiotic treatment. Neutrophil associated
proteins with functions in tissue remodeling, regulation, antimicrobial activity or signaling such as matrix
metalloproteinases (MMPs), myeloperoxidase (MPO), Lipocalin2, S100A8/A9, interleukin (IL) 8 or
proinflammatory small lipid mediators (SLM) including prostaglandins, leukotrienes and resolvin are putative
signatures for disease exacerbation and targets for HDT. To reveal new protein markers and HDT targets, we
also performed MS-based proteomics of M. tuberculosis infected neutrophils.
In a pilot study we confirmed that neutrophils are the predominant phagocyte population in sputum of active
TB patients as correlate of disease severity. Analysis of an array of neutrophil associated proteins indicates I)
a decrease during successful anti-TB treatment and II) higher concentrations in patients with exacerbated
disease. Flow cytometry analysis revealed distinct sub-populations and ROS activities of neutrophils isolated
from sputum samples. Initial MS based analysis of isolated lipids from whole sputum revealed differential
regulation of SMLs during anti-TB treatment.
Identified protein, RNAseq and lipid signatures will be evaluated in a larger cohort study facilitated through
ongoing capacity building in the TB-Sequel consortium in The Gambia, Tanzania, Mozambique and South
Africa, as well at DZIF’s East European Study Site (EESS) in Bucharest.
Ultimately, we will establish sputum-based pro- and diagnostic biomarkers to determine disease state,
exacerbation, treatment efficacy and long-term sequelae as well as to guide a personalized HDT.
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Evaluation of newly identified genes signature GBP5, GZMA and CD64 as host
biomarkers for the diagnosis of tuberculosis in HIV-tuberculosis associated patients
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Out of the 1.6 million deaths associated to tuberculosis in 2017, 300 000 deaths occurred among HIVtuberculosis associated patients. Over the last two decades, accurate diagnosis and effective treatment of TB
patients averted about 54 million deaths. However, accurate diagnosis remains challenging; of the 10 million
estimated new cases of TB that occurred in 2017, only 2/3 were diagnosed.
Sub-Saharan Africa, where the burden of HIV-associated TB is the highest, undergoes most of the gaps in
diagnosis. In addition, smear microscopy and Xpert®MTB/RIFT show reduced sensitivity in HIV-TB associated
patients.
Host -based rapid molecular tests represent an alternative to improve the accuracy of TB diagnosis, including
in HIV-TB associated patients.
We designed a cohort study enrolling all suspected cases of TB and visiting the TB clinic of Centre de
Recherches Médicales de Lambaréné to assess the performance of three promising genes, namely GBP5,
DUSP3 and KLF2 for the first time in HIV-TB associate patients. These genes markers showed more than
90% accuracy to differentiate TB from alternative pulmonary disease in HIV free patients.
We report here the results of the first 10 months. Between October 2018 and July 2019, 220 patients were
seen at our clinic with clinical suspicion of Tuberculosis. TB was diagnosed by smear microscopy and
Xpert®MTB/RIFT and confirmed by Mycobacteria tuberculosis liquid culture (MGIT).
In addition, whole blood was collected in EDTA tubes from all participants and stored at -80C in RNAlater. RNA
was isolated using RiboPure™ RNA Purification Kit and RT-PCR performed with QuantiTect SYBR Green RTPCR Kit. RNA extraction and RT-PCR were performed according to the manufacturers’ instructions.
The diagnostic accuracy of this genes (alone or in combination) will be assessed through their ability to identify
true positive cases: positive results with selected genes followed by positive smear microscopy,
Xpert®MTB/RIFT and MGIT results.
By 31 July 2019, 220 patients were enrolled into our study. TB was confirmed in 75 individuals out of the 220.
Among these, 30 confirmed TB patients were also positive for HIV.
Determination of the sensitivity and specificity of GBP5, DUSP3 and KLF2 will be finalized end September
2019
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Introduction: Chagas disease (CD) has become a global health problem, affecting non-endemic countries like
Germany. In 2018, a total of 127,615 residents (Statistisches Bundesamt, 2018) from CD endemic countries
were registered in Germany. The estimated prevalence of Trypanosoma cruzi infection is 4.2% (RequenaMendez et al., 2015) in Latin-American migrants in Europe. These calculations do not include nationalized
migrants, their children or undocumented migrants. Valid epidemiologic data on CD and diagnosis as well as
treatment guidelines are missing in Germany.
Methods: In order to lay the foundation for evidence-based decisions, laboratories with diagnostic tools for the
detection of Trypanosoma cruzi infection were identified. Diagnostic algorithms were collected and compared
between these centres. Data were collected on all tests carried out between 2000 and 2018. For negative
tests, all available diagnostic information was retrieved. For all positive tests, additional information on
demographic background, symptoms, diagnosis, and treatment was requested through a questionnaire. All
received data was registered in an Excel database, anonymised and analysed using the statistical computing
software R.
Results: A total of five specialised laboratories with serological and/or PCR diagnostics for Trypanosoma cruzi
infection in patient care were identified in Germany. Currently, two centres offer PCR, ELISA, and IFT; two
centres offer only ELISA, one centre only IFT. In the years 2000-2018 a total of 10,504 independent tests on
6,030 individuals were identified with an increase over time. Of these, 357 tests of ≤82 individuals were
positive. Most patients were of Bolivian origin. For most CD patients on which information was available, the
seropositivity was already known prior to these tests. Diagnosis and treatment was very heterogeneous and
commonly not according to current knowledge and/or recommendations.
Discussion: The results in this study indicate that access to adequate diagnosis and treatment of CD in
Germany need to be improved in order to stay in line with the Sustainable Development Goal 3 “Good health
and wellbeing”. The increase of diagnostic tests could be explained by an improved knowledge of CD amongst
health professionals and/ or the changing migration patterns of Latin-American migrants. There were
limitations in this study: not all centres had all information available, relevant laboratories may not have been
identified, the answers on the questionnaires could have been biased, and identification of overlapping patients
was not possible for all institutes.
Conclusions: Access to adequate diagnosis and treatment of CD is insufficient in Germany. There is a severe
lack of knowledge even in highly specialized centres leading to suboptimal care of individuals at risk. The
development of German guidelines on screening, diagnosis and treatment of Trypanosoma cruzi infection
could be one way to improve the aforementioned situation.
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Background
A rapid increase of non-communicable diseases (NCD) has been recorded in low- and middle-income
countries. Active tuberculosis (TB) is linked with immune function impairment, offering one partial explanation
of the strong association between active TB and NCDs, dampening immune system functions. Common NCDs
found as co-morbid with TB include diabetes mellitus, cardiovascular disorders, smoking-related disorders,
alcohol-abuse-related disorders, chronic lung diseases, cancer and depression. The burden of these comorbidities across Central Africa is still unclear and many countries have not yet integrated NCDs in their TB
control programme. The aim of this study was to estimate the burden of major NCDs in TB patients and to pilot
the integration of their screening among suspected TB patients, in Lambaréné, Gabon.
Method
All suspected TB patients referred for testing for Mycobacterium tuberculosis (MTB) infection by sputum
microscopy, culture and/or GeneXpert were invited to participate in this study. Consenting participants were
screened for diabetes, hypertension and were invited to complete a questionnaire including alcohol use and
smoking habits. Diabetes diagnosis was made through estimation of either two fasting plasma glucose (FPG)
(considered positive if ≥ 7.0 mmol/l) or random plasma glucose (considered positive if 11.1 mmol/l) with
symptoms of diabetes. Hypertension was defined as systolic blood pressure (SBP) of ≥140 mmHg and/or
diastolic blood pressure (DBP) of ≥90 mmHg, or medical history of hypertension.
Results
A total of 207 patients were screened, of whom 74 (36%) were positive for MTB. The number of diabetes cases
was 15 (7.2%), hypertension 23 (11.1%), smoking 68 (33%), alcohol users 89 (43%). Only diabetes was
positively associated with TB [OR 2.2 95%CI, (1.8-6.3)].
Conclusion
Our preliminary result shows that TB patients are more likely to have diabetes as co-morbid NCD. In TB
endemicity setting screening of diabetes as well as other NCDs should be integrated in TB control programme
activities.
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Background
Accumulating evidence indicates that up to 70% of previously treated pulmonary TB patients suffer from
longterm pulmonary symptoms and function impairment. However, prospective data on the natural history of
pulmonary TB including post TB lung morbidity and mortality, and also associated risk factors, are scarce.
Methods
The prospective TB Sequel cohort study enrols up 1600 pulmonary TB patients from 4 African countries until
end of 2019; in order to 1st assess & characterize the evolution of lung function impairment, and associated
morbidity and mortality, in TB patients during and after TB treatment and 2nd to study multiple potential risk
factors (host- and pathogen-associated) for poor lung outcome. At study baseline, before TB treatment
initiation, a comprehensive set of epidemiological, clinical and lung function & damage data are collected.
Summary statistics for the various TB outcomes/risk factors have been described. The ongoing statistical
analysis of baseline data would include, multi-dimensional analysis of TB associated outcomes (e.g.
microbiology, pathology and others) which are associated to the pulmonary lung function based severity. This
would allow us discriminating overall severe cases of lung impairment from the non-severe cases.
Results
Currently, over 1100 eligible TB patients have been enrolled, 316 in Gambia, 319 in Mozambique, 287 in
Tanzania and 249 in South Africa. Overall, 65% of study participants are male, 45% are co-infected with HIV,
97.5% have drug sensitive TB, and median age is 36 years approximately, with huge differences within all
baseline characteristics and potential risk factors (bacterial burden, advanced status of TB disease, infecting
TB strain, risk behaviour such as smoking, etc.) across study sites. With regards to lung function assessment
at baseline, in only 50% of patients spirometry could be performed, of which up to 20% could not produce valid
spirometry curves. Among the about 30% of patients with a valid result, approximately 40% had moderately to
severely reduced FVC as major cause of an abnormal spirometry result.
Conclusion
The epidemiological differences among TB patients from the 4 different African countries allow for the analysis
of different, including genetic and health system-relevant, risk factors for the development of post TB lung
disease. The challenges related to the assessment of markers for pulmonary damage (e.g. spirometry) at the
time point of TB treatment start need to be considered in the design of intervention studies, such as HDT-trials,
aiming for improved lung function outcomes after microbiological TB cure.
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Schistosomiasis (bilharzia) is the second most prevalent parasitic disease in Africa after malaria. There is a
large overlap of endemic areas and parasite co-infections are rather the rule than the exception. Infections
with Schistosoma and geohelminths (e.g. Ascaris lumbricoides, hookworms, Trichuris trichuria) often remain
asymptomatic but can bear severe consequences for children and pregnant women and for individuals
chronically infected. Vaccination against Schistosoma (and geohelminths) is not available but treatments are
effective. Schistosoma diagnosis suffer from a lack of sensitive diagnostic tools urgently needed for case
management but also to support ongoing WHO driven elimination efforts to research UN goals in 2030.
Beyond this background, DZIF NTD Focus Group/Tübingen in collaboration with CERMEL/Gabon is
developing on a paralleled track immunodiagnostic approaches to detect polyparasite infections as well as
identifying new helminth biomarkers to feed advanced generation diagnostic tests. Within this first year of Flex
Funding, we have established flow cytometry singleplex assays to assess Schistosoma CCA and CAA
antigens in control samples. Additionally, a unique high-throughput proteome microarray platform to identify
proteins involved in the humoral immune response towards different helminth and other infections was
established. We will present our first data on assay development and validation.
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Within the Neglected Tropical Diseases (NTD) Consortium we are developing and evaluating diagnostic tests
for onchocerciasis, caused by Onchocerca volvulus, and lymphatic filariasis (LF), caused by Wuchereria
bancrofti. Globally, filariases are responsible for the loss of >3 million Disability Adjusted Life Years. Mass drug
administration (MDA) control programs are becoming more successful and will shift from untargeted MDA of
drugs that kill the offspring microfilariae (MF), to targeted treatment of individual cases. This change requires
tests that are not dependent upon MF, the target of current MDA drugs, as a diagnostic readout. For LF, the
Circulating Filarial Antigen test that detects live adult worms is available. For onchocerciasis, microscopy of
MF in skin snips is still the gold standard. Therefore, we had originally had a focus on developing and
evaluating new assays for active O. volvulus infections, i.e. detect live adult worms. Since the start of the
Consortium, we have modified our goals to align with stakeholder needs in onchocerciasis drug development
and issues with lymphatic filariasis assays that we discovered in our own clinical trials.
Using our biobank of clinical trial samples characterized for live/dead O. volvulus, we evaluated a new
immunochromatographic for the nematode metabolite NATOG. Results on the suitability of the current test will
be presented. We also evaluated three assays recommended for LF (Filarial Test Strip, Og4C3-ELISA,
Wb123/OV16 Biplex test). Results from our direct comparison of the three diagnostic tests with
recommendations for field use will be presented. We established a quantitative real-time PCR (qPCR) to
monitor depletion of Wolbachia, endobacteria essential to filarial nematodes, from few O. volvulus MF as a
result of successful antiwolbachial therapy. Monitoring Wolbachia depletion in MF as a surrogate for histology
of adult nematodes obtained after surgical extirpation will shorten the readout of clinical trials from ≥20 months
to <6 months. Using the new protocol, we are able to detect DNA extracted from a single MF, with a limit of
detection of 10 copies Wolbachia ftsZ/µL. The qPCR results from 6 months posttreatment correlated with
histological results from the same time point. To evaluate the qPCR prospectively, we are conducting a pilot
trial of high-dose rifampicin with the aim to shorten antiwolbachial treatment time to <14 days. The samples
will be measured and the results used to predict the antiwolbachial efficacy, i.e. adult nematode death, of the
treatment prior to histological analysis of the nematodes.
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Follow-up of Lassa Fever survivors in Edo State, Nigeria: virus persistence and
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Lassa fever is a severe viral syndrome caused by Lassa virus (LASV). LASV is a member of the family of
Arenaviridae and is endemic in most West African countries. It is transmitted by its natural host, the
peridomestic rodent Mastomys natalensis. Approximately 20% of the infections in humans result in a moderate
to severe disease with a case fatality rate ranging from 20% up to 69% in hospitalized patients. There is
currently no vaccine for use in humans available, and specific treatment is limited to ribavirin. Longitudinal data
on the development of long-term immunity in humans and correlates of protection following infection are
lacking. We will investigate the mechanisms of a successful immune response to LASV. Furthermore, little is
known about viral persistence. This knowledge is critical to improve public health measures to prevent
transmission but also for drug development, as persistence in immune-privileged sides needs to be taken into
account. Our aim is to determine persistence of LASV in various body fluids and the infectivity of RNA-positive
specimens. The Irrua Specialist Teaching Hospital (ISTH), located in a Lassa Fever hotspot in Irrua, Edo State,
Nigeria, implemented a longitudinal study to follow-up Lassa fever survivors after discharge from the isolation
ward. Since January 2018, we enrolled 85 survivors, which are followed for a period of 24 month. During this
period, there are 9 visits. Different body fluids (urine, saliva, eye swab, semen/vaginal swab) are collected for
the detection of viral RNA and infectivity studies. Preliminary results show that there is viral persistence
especially in semen. At discharge over 70% of the semen samples are positive and 25% are still positive 6
month post discharge. Serum, plasma and PBMC samples are taken for the analysis of the immune response.
Although there was variation in the kinetics of IgM levels, all participants still showed high IgG levels 6 month
post discharge.
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Background
Since the discovery, made in 1905 by Schaudinn and Hoffmann, of Treponema pallidum ssp. pallidum as the
etiologic agent of syphilis, medicine has made significant progress against this disease. Yet, despite the
availability of diagnostic tests and a therapy based on antibiotics, the world has not stopped being burdened
by syphilis, that has been re-emerging globally over the last few decades (WHO Report, 2008), for which no
vaccine is still available and which, moreover, in its early stages enhances the transmission of HIV. Continuous
in vitro culture of this organism has yet not been achieved, imposing a substantial roadblock to its inspection
in laboratory experiments, and even the sequencing of its genome (Fraser et al., 1998) did not yield an obvious
solution to the cultivation problem. While much has already been tried on the laboratory bench, this pathogen
has still not (to our knowledge) been tackled using a systems biology approach.
Results
We present a first manually curated draft reconstruction of the metabolic network in Treponema pallidum ssp.
pallidum towards a genome-scale metabolic model (GEM). The model iSM161 comprises 161 genes of 1,039
predicted open reading frames that are responsible for 239 reactions of 277 metabolites.

Visual representation of the current metabolic network of T. pallidum. This image shows the current state of
the reconstruction iSM161. Created with the web-based Editor Escher (https://escher.github.io).
The model is still under development and steadily updated. For the reconstruction, COBRApy has been used,
where subsystem information is added and parsed as SBML groups extension using libSBML.
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Tool / Database

Website

Description

BiGG

bigg.ucsd.edu

Biochemical genetic and genomic
knowledgebase of curated GEMs.

BRENDA

www.brenda-enzymes.org

The main enzyme and enzymeligand information system.

COBRApy

opencobra.github.io/cobrapy/

A Python package with a simple
interface for COBRA analysis.

Escher

escher.github.io

Web application for drawing
pathway maps and visualise data
related to genes or proteins.

KEGGtranslator

github.com/draeger-lab/
KEGGtranslator

Software for visualizing and
translating the KEGG PATHWAY
database.

MarvinSketch

chemaxon.com/products/marvin

Chemical
editor
used
for
determining the charged formula of
a molecule at a given pH.

ModelPolisher

github.com/draeger-lab/
ModelPolisher

Tool
for
annotation
and
autocompletion of SBML models
accessing the BiGG Models
knowledgebase.

NCBI

www.ncbi.nlm.nih.gov

National Center for Biotechnology
Information, provides access to
biomedical
and
genomic
information.

UniProt

www.uniprot.org

Universal
Protein
comprehensive and
annotated
protein
knowledgebase.

Resource,
accurately
sequence

Main software, databases, and standards used for reconstruction. This table provides an overview of the main
software and resources used for the reconstruction process of T. pallidum.
Discussion
Using this reconstruction, together with the application of COBRA methods, we anticipate to gather new
insights into the pathogen’s physiology and pathology, and in how this spirochete, which has earned the
designation of “stealth pathogen,” succeeds in making a living and eluding human’s immune defenses as well
as cultivation attempts. It is planned to make the model available to the community in SBML format.
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Technical capabilities and limitations of fully automated, random access processing
of a laboratory developed ("in house") Coronavirus real time PCR on the Hologic
Panther Fusion system
A. K. Cordes, A. Heim
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The Hologic Panther Fusion system provides fully automated, random access NAT diagnostics with three CE
marked multiplex tests being available for a panel of respiratory viruses (1. influenza A and B, RSV 2.
adenovirus, rhinovirus and HMPV 3. parainfluenza 1-4). "In house" real time PCR protocols can be adapted to
the system with the “Open Access” program which provides reagents (except primers & probes) and software
for programming of the Fusion Panther system. As the above mentioned respiratory panel that is used in the
“cifco”-study did not include coronavirus, we wanted to expand the panel and adapted an "in house" human
coronavirus (hCoV) PCR on the Fusion Panther.
As a basis for this, we used published primer and probe sequences (Loens et al., 2012) and a Fusion Panther
PCR protocol that was kindly provided by Dr. W. Rehrauer from the University of Wisconsin. Extraction
reagents as well as the amplification reagents (except primers and probes) were supplied by Hologic. The final
concentration of Mg2+ and K+ in the reaction mixture, as well as the thermal cycle parameters of the PCR can
be optimized, although the duration of the total PCR reaction is limited to a maximum of 55 minutes and the
minimal annealing temperature is restricted to 55 °C. As a reference method for validation, we used the hCoV
/ ParaFlu R-Gene PCR (BioMérieux) which is currently used in our routine diagnostics for hCoV detection.
With the Panther Fusion adapted protocol all 34 samples from Instand hCoV proficiency testing panels were
detected correctly (18 positive / 16 negative). Furthermore, 127 archived diagnostic respiratory specimens (78
positive / 49 negative) from the upper and lower respiratory tract were examined. 124 of 127 specimens (97.6
%) gave concordant results, 3 specimens had discordant (false negative) results. Though, these 3 specimens
were also tested in a third system (Luminex), which also gave negative results for hCoV. A good correlation
was achieved for Ct values of the NL63 sub-type in the Panther Fusion compared to the reference method
after optimization of threshold values and flare settings between different channels with help of the "Open
Access" software. The other three hCoV subtypes were detected with about 2 -3 cycles higher Ct values in
the Panther Fusion.
Conclusion: Fully automated, random access processing of "in house" real time PCR protocols on the Hologic
Panther Fusion system is feasible but several restrictions have to be considered for choosing the appropriate
protocol.
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Delineating early hepatitis B viral infection events: from particle entry to covalently
closed circular DNA formation
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Hepatitis B virus (HBV) is an enveloped DNA virus containing partially double-stranded relaxed circular (rc)
DNA genome within its capsid. Upon infection, rcDNA is delivered into the nucleus where it is repaired to
covalently closed circular (ccc) DNA that serves as the transcription template for viral RNAs and persistent
viral reservoir. The early stages of HBV infection including particle entry dynamics and cccDNA formation are
not well defined. The discovery that sodium taurocholate cotransporting polypeptide (NTCP) bound HBV and
regulated viral uptake into the cell enabled us to generate cell lines and investigate early stages of HBV
infection. We generated a permissive HepG2 cell clone engineered to express NTCP, termed HepG2-NTCPK7 (Ko et al., 2018 J Hepatol.), and employed this to study kinetics of synchronised particle internalization and
cccDNA formation. We established a PCR-based uptake assay to measure and quantify synchronised HBV
internalization kinetics and to uncover intracellular trafficking pathways. Virus is inoculated at 4°C promoting
particle attachment with a subsequent shift to 37°C for defined periods of time followed by a trypsin digestion
to remove non-internalised virus. Initial particle attachment to the cell surface was NTCP independent and
subsequent particle uptake increased over time in an NTCP-dependent manner reaching saturation at 12
hours post-infection. HBV uptake into HepG2-NTCP K7 cells was clathrin- and dynamin dependent with actin
and tubulin playing a crucial role within the first 3 hours suggesting intracellular particle release and transport
to the nucleus in this time frame. Quantifying HBV rcDNA and cccDNA levels enabled us to measure ratelimiting steps in the infection process. We observed that 24% of the viral inoculum bound at the surface of
HepG2-NTCP K7 cells. All bound virus internalized but only 0.1% of the virus genomes resulted in cccDNA
formation. To further delineate the rate-limiting steps in early viral infection we analyzed subcellular fractions
for HBV DNA. Delivery of HBV DNA from cell surface to the nucleus took 6 hours. cccDNA was only detected
at 24 hours post inoculation and increased until 72 hours and remained constant thereafter. In summary, our
in vitro analyses show that HBV infection is a slow process and provide evidence that conversion of rcDNA
into cccDNA in the nucleus is a rate-limiting step in establishing infection.
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Defining Breakthrough Invasive Fungal Infection– Position Paper of the Mycoses
Study Group Education and Research Consortium (MSG-ERC) and the European
Confederation of Medical Mycology (ECMM)
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Breakthrough invasive fungal infections (IFI) have emerged as a significant problem in patients receiving
systemic antifungals; however, consensus criteria for defining breakthrough IFI are missing. This position
paper establishes broadly applicable definitions of breakthrough IFI for clinical research. Representatives of
the Mycoses Study Group Education and Research Consortium (MSG-ERC) and the European Confederation
of Medical Mycology (ECMM) reviewed the relevant English literature for definitions applied and published
through 2018. A draft proposal for definitions was developed, and circulated to all members of the two
organizations for comment and suggestions. The authors addressed comments received, and circulated the
updated document for approval.
Breakthrough IFI was defined as any IFI occurring during exposure to an antifungal drug, including fungi
outside the spectrum of activity of an antifungal. The time of breakthrough IFI was defined as the first
attributable clinical sign or symptom, mycological finding or radiological feature. The period defining
breakthrough IFI depends on pharmacokinetic properties and extends at least until one dosing interval after
drug discontinuation. Persistent IFI describes IFI that is unchanged/stable since treatment initiation with
ongoing need for antifungal therapy. It is distinct from refractory IFI, defined as progression of disease and
therefore similar to non-response to treatment. Relapsed IFI occurs after treatment, and is caused by the same
pathogen at the same site, although dissemination can occur.
These proposed definitions are intended to support the design of future clinical trials and epidemiological
research in clinical mycology, with the ultimate goal of increasing the comparability of clinical trial results.
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Changes in expression of ligands for NK cells on human gut epithelial cells infected
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Human adenoviruses (HAdVs) are a significant cause of enteric illness, leading to high morbidity and mortality
in immunocompromised hosts. Most HAdVs encode for the glycoprotein E3-19K (gp19K) that promotes
evasion from recognition by cytotoxic NK cells. Previous immune evasion studies were limited to using
immortalized cell lines, which constitutively express immune ligands for the NK cell receptors NKG2D and
KIRs. Recently developed human intestinal organoids (HIOs) now provide the opportunity to study immune
recognition of enteric HAdV infection in primary human epithelial cells.
The objectives of this work are (i) to assess the modulation of the expression of ligands for immune cell
receptors by replication-competent HAdVs in human epithelial cells, focusing on ligands for NK cells; and, (ii)
to compare viral replication efficiency and infection kinetics between wildtype and gp19K-deficient adenovirus
strains.
Stem cells were isolated from uninflamed small intestines and cultured using standard procedures to promote
formation of organoids. HIO lines were prepared for infection by switching to culture conditions that promote
differentiation into epithelial cell types and allow viral particles to access the apical site of the epithelium. HIOs
and HEK-293 cells were infected with wildtype and gp19K-deficient HAdV5C (human adenovirus type 5,
species C) strains.
HIOs were successfully infected using a reporter adenovirus (HAdV5C-mCherry). Lysates from HIOs infected
with wildtype and gp19K- HAdV5C caused cytopathic effect in A549 cell layers. HEK-293 cells infected with
wildtype HAdV5C showed strongly reduced surface expression of HLA class I molecules and the NKG2D
ligands ULBP and MIC, whereas in HIOs this downregulation of NK cell receptor ligands was less pronounced.
Remarkably, infection of HIOs with the gp19K- strain lead to an upregulation of HLA class I molecules
compared to wildtype and uninfected cells. As expected, HEK cells infected with gp19K- adenovirus expressed
higher levels of MIC A/B than wildtype infected cells, however, HLA class I expression was similar to that seen
in uninfected cells.
We have established HAdV infection in a primary epithelial cell system in which both wildtype and gp19KHAdV5C strains produce replication-competent progeny. Adenoviral infection caused differential modulation
of immunoligand expression on HIOs that differed from that observed in HEK-293 cells, and our data showed
that human intestinal epithelial cells upregulate HLA class I in the absence of the gp19K protein. We are
currently investigating the consequences of this for the interaction with NK cell receptors, in particular
corresponding KIRs and NKG2D. These data suggest that the phenotype resulting from HAdV infections differs
significantly between primary intestinal epithelial and immortalized cells, providing new insights into viral
disease interactions in the gut and their consequences for recognition by NK cells.
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after treatment cessation of nucleo(s)tide analogue therapy in HBeAg negative
chronic hepatitis B
M. Wübbolding1, J. C. L. Alfonso2, 3, P. Gineste4, A. R. Kraft1, 5, C. S. Falk6, M. P. Manns1, 5, B. Maasoumy1, 5,
H. Wedemeyer7, M. Meyer-Hermann2, 3, M. Cornberg1, 3, 5, C. Höner zu Siederdissen1
1

Hannover Medical School, Department of Gastroenterology, Hepatology, and Endocrinology, Hannover,
Germany, 2Helmholtz Centre for Infection Research, Department of Systems Immunology, Braunschweig,
Germany, 3Centre for Individualized Infection Medicine, Hannover, Germany, 4Abivax, Paris, France, 5German
Center for Infection Research (DZIF), Partner-Site Hannover-Braunschweig, Germany, 6Hannover Medical
School, Institute of Transplantation Immunology, Hannover, Germany, 7Essen University Hospital, Department
of Gastroenterology and Hepatology, Essen, Germany
Background
Discontinuation of nucleos(t)ide analogue (NA) treatment in HBeAg negative patients with chronic hepatitis B
(CHB) is associated with a significant risk for virological relapse. Currently, the virological and immunological
background for relapse is poorly understood and there is a lack of predictors. This study investigated the use
of serum cytokines in predicting virological relapse (HBV DNA >2000IU/ml).
Methods
In a post-hoc analysis of a prospective, multicenter therapeutic vaccination trial in which NA were stopped
(ABX-203, NCT02249988) 48 various cytokines levels were determined using the Bio-Plex Human 48-plex
Cytokine Screening Panel. The cohort consisted of 43 non-cirrhotic patients with HBeAg negative CHB who
had served as a control group in the prospective study (no vaccination received). Patients were treated with
NA for a median of 57 (32-156) months. Blood samples were collected at week -24 (screening), week -12, and
week 0 (NA discontinuation). After NA discontinuation patients were followed up for another 24 weeks. To
detect the highest predictive constellation of cytokines a supervised machine learning approach was used.
Results
Of the 43 patients, 27 experienced virological relapse until week 24 after stopping NA therapy. At the time of
treatment cessation 35 of the 48 cytokines yielded higher levels in the non-relapse group. However, only
RANTES/CCL5 was significantly different between the two groups with higher values in the relapse group
(9419.5 pg/ml vs. 6558.5 pg/ml p=0.05). Predictive value for virological relapse of single cytokines was best
for IL-2, IL-17, and RANTES/CCL5 (AUC values, 95% CI: 0.65, 0.4-0.87; 0.63, 0.07-0.9; 0.65, 0.06–0.99,
respectively). Applying a supervised machine learning algorithm allowed a remarkable improvement of relapse
prediction. A combination of five cytokines IL-2, MIG/CCL9, RANTES/CCL5, SCF and TRAIL was highly
reliable in predicting virological relapse (Fig. 1) (0.93; 0.67-0.99). Predictive power of the cytokines remained
high 12 and 24 weeks before treatment discontinuation (0.76, 0.48-0.99; 0.9, 0.56-0.99; respectively).
Conclusion:
In comparison to single cytokine measurements, the combination of IL-2, MIG/CXCL9, RANTES/CCL5, SCF
and TRAIL delivers excellent predictive power for virological relapse after NA discontinuation in HBeAg
negative CHB at various time points, suggesting a distinct immune pattern. Supervised machine learning
emerged as a valuable tool to assess complex biological processes and predict clinical outcomes.
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MAIT cells are enriched and highly functional in ascites of patients with
decompensated liver cirrhosis
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Background
Patients with advanced liver cirrhosis have an increased susceptibility to bacterial infections. As part of the
cirrhosis-associated immune dysfunction, the mucosal associated invariant T (MAIT) cell population, innate T
cells with the capacity to respond towards bacteria, is severely diminished in circulation as well as in liver
tissue. However, MAIT cell presence and function in the peritoneal cavity, a common anatomical site for
infections in patients with cirrhosis, remain elusive.
Methods
Matched peripheral blood and ascites fluid were collected from 35 patients with decompensated cirrhosis, with
or without spontaneous bacterial peritonitis (SBP). MAIT cell phenotype and function were analyzed using
high-dimensional flow cytometry and obtained data were compared to peripheral blood samples of healthy
controls (n=24) and compensated cirrhosis patients (n=11).
Results
Circulating MAIT cells were severely decreased in cirrhotic patients as compared to controls (p<0.0001). In
contrast, in ascites fluid, MAIT cells were significantly increased (p=0.001) together with certain myeloid
populations and natural killer cells. This was paralleled by elevated levels of several pro-inflammatory
cytokines and chemokines in ascites fluid as compared to plasma. Peritoneal MAIT cells displayed an activated
tissue-resident phenotype and this was corroborated by increased functional responses following stimulation
with either E. coli or lL-12 + IL-18 as compared to circulating MAIT cells. During SBP, peritoneal MAIT cell
frequencies and numbers increased even further (p=0.004; p=0.008 respectively) suggestive of active homing
of MAIT cells to the site of infection.
Conclusions
Despite severely diminished MAIT cell numbers and impaired phenotype in circulation, peritoneal MAIT cells
remain abundant, activated, and highly functional in decompensated cirrhosis patients. This suggests that
peritoneal MAIT cells could be a potential target for immune intervention strategies in patients with
decompensated liver cirrhosis.
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BK polyomavirus and human cytomegalovirus replication are associated with
increased p70S6k phosphorylation in peripheral lymphocytes of renal transplant
recipients
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Background
BK polyoma virus (BKPyV) and human cytomegalovirus (HCMV) frequently cause graft and life threatening
complications after renal transplantation. Especially in cases of limited treatment options like BKPyV
associated nephropathy (BKPyVAN), or infections with ganciclovir resistant HCMV, a predictive marker for
viral reactivation is urgently needed. The necessity of mTOR pathway activation in the host cells for effective
replication of both viruses provides a possible approach for a targeted monitoring. In this hypothesis generating
study Thr389 phosphorylation of p70 ribosomal S6 kinase (p70S6k), an easily accessible surrogate marker for
the activity of the mTOR pathway, was measured in peripheral lymphocytes of renal transplant recipients to
investigate its association with viral replication.
Methods
48 adult renal transplant recipients were recruited after giving informed consent. The patients’ medical history
was searched for episodes of BKPyV and HCMV viremia as well as general clinical information. Blood samples
were taken at routine outpatient visits and peripheral blood mononuclear cells were freshly isolated by density
gradient centrifugation and intracellularly stained. Lastly Thr389 phosphorylation status of p70S6k in CD4+ T
and CD19+ B lymphocytes was measured by flow cytometry.
Results
BKPyV viremia in the patients’ history was associated with a significant increase in Thr389 phosphorylation of
p70S6k in CD4+ T cells (p = 0.0002) and CD19+ B cells (p = 0.0073). Patients with a diagnosed BK
polyomavirus associated nephropathy showed a trend towards even higher p70S6k phosphorylation. HCMV
viremia in patients with a high-risk HCMV constellation of donor and recipient (D+/R-) was also associated with
increased p70S6k phosphorylation in CD19+ B cells (p = 0.0325). These associations were found to be
independent of the immunosuppressive drugs’ trough levels at the time of measurement.
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Results

Conclusions
The Thr389 phosphorylation of p70S6k in peripheral lymphocytes is associated with BKPyV viremia and to a
lesser extent with HCMV infections in renal transplant recipients. These results strengthen the case for a
possible use of measurements of the mTOR pathway activity in the management of patients at high risk for
reactivation of latent viral infections. Further prospective studies are needed to assess the causal connections
and evaluate the predictive potential of p70S6k phosphorylation for BKPyV and HCMV viremia in renal
transplant recipients.
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Study: Pneumocystis jirovecii quantification and resistance analysis in patients with
Pneumocystis pneumonia (PCP) and Pneumocystis carriage
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The fungus Pneumocystis jirovecii (P. jirovecii, Pj) causes the severe Pneumocystis Pneumonia (PCP) mainly
in HIV patients (HIV+), but also with increasing numbers in HIV negative (HIV-) immunocompromised patients.
In HIV- patients the laboratory diagnosis of PCP is hampered: These patients have severe PCP symptoms but
a low Pj organism burden. Staining methods are not efficient in these patients due to their low sensitivity.
Commercial Pj PCR kits do not differentiate between PCP and a Pj carriage, which is also very common, but
asymptomatic. Additionally, Pj resistances against PCP drugs are rising, but cannot be detected with
commercial PCR kits.
Our study addresses the development of separated PCR cutoffs for the differentiation of PCP in carriage for
both, HIV+ and HIV- patients. Additionally, resistant P. jirovecii strains should be identified.
Up to date, we collected and analyzed BALF of 44 patients with suspected pneumonia for the presence of Pj.
The samples were collected in five hospitals (Centre for Infectious Diseases and Department of Pneumology
at the University Hospital Jena, Centre for Infectious Diseases and HIV at the Vivantes Auguste-VictoriaKlinikum Berlin, Lungenklinik Heckeshorn Berlin, University Hospital Erlangen). Two further hospitals
(Department for Pneumology, University Hospital Carl Gustav Carus at TU Dresden – Prof. C. Stefan, and
Department of Infectious Diseases, University Hospital Frankfurt a. M. – Dr. M. Kolditz) are going to join this
study in the near future.
All BALF samples were examined in parallel by staining methods and real time qPCR for the presence of Pj.
Pneumocystis organism loads were quantified and cutoffs were determined for the differentiation of PCP vs
carriage vs negative samples. Due to the ongoing study, these cutoffs are preliminary. Additionally, all Pj
positive samples were analyzed for sulfonamide and trimethoprim resistances by PCR and sequencing.
In 18 HIV+ and one HIV- patient the clinically proven PCP was also detected with qPCR. The cutoff
PCP/carriage was 1 Mio Pj copies/mL BALF for HIV+ patients. The HIV- patient with clinically proven PCP had
39,000 Pj copies/mL only and would be classified as carrier, if cutoffs for HIV+ are used. Pj specific staining
methods were positive in HIV+ patients only.
Mutations on the resistance genes were present in four PCP patients with one trimethoprim resistance
mutation which had not been described before. Worldwide, data regarding Pj resistances are rare. For
Germany, only data from our own Pj studies are available. The detection of a new trimethoprim resistance
mutation demonstrates the need for recording Pj resistances.
The preliminary cutoff of 1 Mio Pj copies/mL BALF must be adjusted to lower values for HIV- patients with
PCP. Overall, we plan to include 140 patients should be enclosed (40 HIV+ with PCP, 20 HIV- with PCP, 40
Pj carriers and 40 Pj negative patients)more HIV- patients with clinically proven PCP in this study.
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Monitoring of antiviral immune response as an indicator of immunosuppression
intensity and outcome after kidney transplantation: first results from the VIRENO
study
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The VIRENO study is an interdisciplinary, multicenter, and non-interventional research project aimed to identify
immunological parameters able to predict the occurrence of major complications after kidney transplantation
(Tx), including infections and adverse immunological events. The viro-immunological approach intends to
stratify the risk to develop such post-Tx complications, with the final aim to enhance a specialized diagnostics
and optimize individualized treatment strategies.
The viro-immunological monitoring of our cohort is performed pre-Tx as well as 3 weeks and 6 months postTx. It includes assessment of anti-BKPyV IgG in both living donor and recipient and of TTV-DNA in recipients.
In addition, the cellular immunity to CMV is assessed by two different IFN-ɣ release assays (Quantiferon and
Elispot). The viro-immunological status is correlated with clinical information focusing on major immunological
and infectious events including, denovo DSA, graft survival, rejection, and hospitalization due to infections.
So far, 82 patients have been enrolled and 52 patients started the viro-immunogical monitoring. TTV was
detected at baseline, 3-weeks, and 6 months in 34/52 (65%), 37/52 (71%), and 30/32 (94%) recipients
respectively, showing a median viral load of 1.4E+04 (baseline), 4.7E+04 (3-weeks), and 1.7E+08 (6-months)
copies/mL (baseline vs 6 months p<0.0001). The BKPyV antibody titer of recipients showed a significant
increase by comparing pre-Tx vs 6-month values (p=0.021) and 3-week vs 6 month titers (p=0.002). By
comparing BKVPyV IgG of recipients and donors, the latter showed a titer higher than the baseline (p=0.059)
and the 3-week recipient group (p=0.009), whereas no differences were found between donors and recipients
at 6 months post-Tx. By the assessment of CMV cellular immunity, the Elispot assay identified a higher number
of reactive patients to CMV compared to the Quantiferon assay. All patients detected reactive by Elispot
showed a positive CMV serostatus.
Overall, these first data provide a preliminary overview on the ability of the viro-immunological monitoring to
measure the individual changes in the functionality of immune system pre- and post-Tx. This innovative
approach aims to identify recipients at risk of complications much earlier before and holds the promise to allow
for a tailored immunosuppressive regimen. Considering the lack of predictive markers as well as the limited
therapeutic options for these adverse events, the possibility of early interventions, e.g. tailored dosing of
immunosuppression or anti-viral patient-specific screening strategies, is critical to improve the outcome of this
vulnerable group of patients.
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Characterisation of follicular CD8 T cells in acute HIV infection
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Most of the viral reservoir is located within lymphatic tissue (Perreau et al., 2013), and hence for an effective
treatment/ cure strategy this niche has to be approached. CD8 T-cells that express the follicular homing
receptor CXCR5 have been identified both in lymphoid tissue and in circulation (Quigley et al., 2007) (He et
al., 2016). These cells express a mostly memory-like phenotype and exert potentially more helper and
regulatory than cytotoxic effector functions (Leong et al., 2016) (Miles et al., 2016) (Chen et al., 2018).
Aims
Within the treatment of primary HIV cohort (TopHIV-future) we analysed under which conditions follicular
homing properties of circulating CTLs were induced in acute HIV infection and if HIV-specific follicular CD8 T
cells developed in immediately treated subjects. The results were compared to those of chronically infected
individuals.
Methods
PBMC samples from 27 acutely HIV-infected individuals immediately starting ART (TopHIV-future- cohort) are
analysed at baseline, week 12 and 48. Additionally PBMC from 10 HIV-infected individuals already receiving
ART (TopHIV-past-cohort) are included as well as samples from 10 chronically infected individuals bevor and
after starting ART and 10 samples from healthy volunteers.
For phenotyping staining, PBMCs were extracellulary stained using antibodies for detailed qualification of T
cell populations with follicular homing properties and assessed by flow cytometry.
For the intracellular cytokine staining assays, the cells were stimulated with SEB (positive control) or HIVpeptides (gag or nef/ref/tat). After extracellular staining, the cells were fixed, permeabilized, and incubated with
antibodies specific for functional characterisation of the investigated T cell population.
Flow cytometric acquisition is performed on a BD LSRFortessa.
Results
The experiments are ongoing. In the longitudinal analysis we see increasing proportions of CXCR5+CD8+ T
cells from baseline to week 12. We will present preliminary data.
Future Perspective
In the next part of the project we will evaluate, if follicular CD8 T cells correlate with the viral reservoir within
this cohort. Additionally, we plan to characterize the functionality of these cells via transcriptome analyses,
functional assays, and sorting of life CXCR5 versus CXCR5- SL9-specific CD8 T cells for RNAseq analyses.
The results will provide insight in how these cells could be an effective component of an HIV cure strategy
within this unique group of very early treated patients.
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Multi-functional roles of the N-terminal region of HIV-1 Nef are mediated by three
independent protein interaction sites
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HIV-1 Nef facilitates virus spread and disease progression by acting as a protein adaptor to alter host cell
functions. An N-terminal stretch comprising aa 12-39 emerges as important functional determinant of Nef.
Previously, this region was shown to recruit the Nef-associated kinase complex (NAKC) to trigger Nef
phosphorylation, the release of exosome-like vesicles, and HIV-1 transcription. We recently identified
important roles of this region also for additional Nef functions including disruption of CD4 T lymphocyte
polarization and homing to lymph nodes, antagonism of the host cell restriction factor Serinc5, and
downregulation of cell surface CD4 and MHC-I. We hypothesized that the multitude of Nef activities that require
the NAKC binding site reflects interactions with more than one host cell ligand and aimed at dissecting the
molecular determinants for individual Nef activities within aa 12-39. A comprehensive set of mutants within the
NAKC binding site of Nef was generated and functionally characterized by flow cytometry, microscopy, in vitro
kinase assays, purification of exosome-like vesicles, virion infectivity determination and replication in primary
CD4+ T cells. In line with previous reports we found that MHC-I downmodulation specifically depended on
residue M20 and was independent of the rest of the NAKC binding site. Moreover, the NAKC binding site was
entirely dispensable for effects of Nef on T cell actin organization and chemotaxis as well as for retargeting of
the host cell kinase Lck to the trans-Golgi network. In contrast, inhibition of T cell polarization by Nef required
the entire NAKC binding site and could not be mapped to a single motif. This was distinct from downmodulation
of cell surface CD4 and Serinc5 antagonism that were both mediated by a specific motif encompassing
residues 32-39, which further strengthens the hypothesis that both activities are mediated by a shared
mechanism. Additionally, this region was also involved in HIV-1 replication in primary CD4+ T cells. Association
of Nef with NAKC, as analyzed by the ability to phosphorylate Nef, did not require the full NAKC binding motif
but was mediated by two EP repeats within residues 24-29. Finally, incorporation of Nef in exosome-like
vesicles (ELVs) was entirely independent of the NAKC binding site and the presence of the kinase complex
itself. Together, these results reveal that the NAKC binding site of Nef is a multi-functional protein-interaction
module that recruits at least three different host cell ligands: AP-1 via M20 for MHC-I donwregulation, NAKC
via EP repeats for Nef phosphorylation and yet to be identified interaction partners for CD4
downregulation/Serinc5 antagonism. Insight into the tempo-spatial regulation of protein interaction of the Nterminal stretch will be required to fully define the molecular mechanisms of action of Nef in HIV-1
pathogenesis.
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Characteristics of neurosyphilis in a large German, city-based university hospital
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Purpose
Syphilis disease presentation can be mimicking other diseases and may be associated with central nervous
system involvement (neurosyphilis). Appropriate diagnosis is crucial for appropriate treatment, but often
complicated due to different definitions. The aim of this study was to describe clinical and laboratory
characteristics of neurosyphilis in a retrospective syphilis cohort.
Method
Retrospective cohort of sero-active syphilis cases at University Hospital rechts der Isar, Munich, Germany,
from 08/2008 to 06/2018 with focus on neurological involvement. Cases were defined according to Centers for
Disease Control (CDC)-definitions of 2018.
Results
In total, data sets of 90 patients were analyzed. 43 (48%) underwent lumbar puncture, of whom 23 (54%) were
identified as neurosyphilis (NS) cases according to the CDC- definitions. Average age of patients with NS was
52 (IQR 44-58) years, 91% were male, 39% were living with HIV (PLWH). Hereby, 44% of PLWH were on
antiretroviral therapy at the time of syphilis diagnosis. For detailed information on laboratory results of blood
and CSF-analysis see table 1.
In NS cases (syphilis cases without NS), 9% (5%) were in early secondary, 70% (75%) in late secondary, 0 %
(20%) in latent and 22% (0%) in tertiary stage of syphilis.
Among the 23 patients diagnosed with NS, 52% were affected by ocular syphilis, 22% had unclassified NS,
defined as unspecific neurological symptoms with typical CSF-results, 9% had meningovascular NS, 9% tabes
dorsalis, 4% early syphilitic meningitis and 4% oto-syphilis. NS treatment consisted of 44% ceftriaxone, 43%
penicillin G and 9% in a combination of both. In 4% of patients no treatment follow-up information was available.
Conclusion
A significant proportion of patients in our cohort was identified with NS and/or presented with ocular syphilis in
late secondary infection-stage or with unspecific neurological symptoms.

Variables

Confirmed NS cases (n=23)

Non-NS cases (n=20)

Serum CD4-cells, /µL, median 531 (115-723)
(IQR)

363 (134-705)

Serum CD4/8-ratio, median (IQR)

0,3 (0,1-0,6)

Serum
HIV-RNA,
median (IQR)

0,3 (0,125-0,75)

copies/mL, 18400 (0,0-105150)

Serum-TPPA, median (IQR)

20480 (5120-40960)
186

0,0 (0,0-61350)
15360 (6400-35840)
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Serum-VDRL, median (IQR)

64 (32-128)

64 (8-128)

Reactive CSF-TPPA, n (%)

20 (87)

17 (85)

CSF-TPPA, median (IQR)

516 (80-2048)

32 (14-128)

CSF WBC,
(IQR)

cells/mm³,

median 28 (18-90)

CSF Protein, mg/dl, median (IQR)

2 (1-7)

767 (591-1000)

389 (298-552)

Table 1: Demographic and laboratory findings of patients with/without neurosyphilis
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Subcellular resolution profiling uncovers critical non-coding RNA functions in human
macrophage immunity
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The human genome encodes ~ 20.000 long non-coding RNAs (lncRNAs), yet their molecular functions,
especially in the human immune system, remain largely unknown. We established a multidimensional
approach to subcategorize this novel group of biomolecules according to subcellular localization and cosedimentation with cellular protein complexes in human primary macrophages. Our results suggest that
lncRNAs constitute a highly heterogeneous type of RNA co-sedimenting with various cellular machineries,
including ribosomes. Combining this approach with RNA antisense purification and mass spectrometry (RAPMS) identified lncRNA MaIL1 as a novel regulator of TLR-TRIF signaling. MaIL1 binds directly to TRIF-signal
transduction components to promote ubiquitin-association and IFN regulatory factor 3 (IRF3) phosphorylation.
MaIL1 levels were increased during pulmonary infections and correlated linearly with IFNb levels in human
bronchoalveolar lavage fluid. Our study thus identifies MaIL1 as a critical regulator of TLR-induced immune
responses to infection and provides a rich resource for human lncRNA investigation.
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Final results of the concerted harmonization efforts for HBV cccDNA quantification
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A major limitation in cccDNA quantification in HBV infected samples and its translation into the clinic is the lack
of standardized PCR-based methods. Detection by Southern blot after Hirt is regarded as the “gold standard”
but lacks sensitivity and is very laborious. Quantitative PCR with cccDNA-selective primers remains
challenging because of coexisting HBV-DNA forms (replicative intermediates, protein-free rcDNA, input or
produced virions), which are detected despite selective PCR conditions if in excess over cccDNA. The use of
different DNA extractions, nuclease digestion methods and HBV-DNA standards add to the variability of the
results.
Aim
To develop reliable consensus protocols for isolation and quantification of cccDNA in liver tissue and cell
culture.
Study design
Reference material (HBV infected chimeric mouse livers and HepG2-NTCP cells) was distributed for crossvalidation of protocols. Three different DNA extractions were compared: Hirt, Epicenter-based total DNA
extraction with and without proteinase K treatment (+PK and -PK). After nuclease digestion (plasmid-safe ATPdependent DNase (PSD) ± heat denaturation; T5 exonuclease; exonucleases I and III) samples were analyzed
by qPCR (Malmström, 2012) and SB.
Results and conclusions
The use of a collective HBV standard for qPCR is mandatory to avoid variations between labs. All tested
nucleases displayed considerable variations in terms of digestion efficiency between labs and samples. PCR
and SB analyses showed that while all nucleases lowered amounts of circulating and cytoplasmic HBV-DNA,
PSD did not digest PF-rcDNA but was less likely to induce cccDNA over-digestion. Both Hirt and -PK extraction
substantially reduced coexisting HBV DNA forms allowing quantification of cccDNA by qPCR without additional
nuclease digestion. Thus, -PK extraction represents a valid and rapid alternative for Hirt extraction to determine
cccDNA after HBV infection. However, in high viremic tissue samples, a nuclease digestion step is still needed
to mitigate false-positive cccDNA signals in qPCR. Implications will be discussed.
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Differences between Clostridioides difficile-infection (CDI) treatment approaches in
Germany: the results of a mindset analyses performed on clinicians and general
practitioners
A. Gigea
RIEMSER Pharma, Medical Affairs, Berlin, Germany
Background
Globally the incidence of Clostridioides difficile (formerly Clostridium difficile) infections are on a rise since
2000.1 With a percentage of 10% the disease is ranked 4th in frequency of all nosocomial infections in
Germany.2 While in the past the disease was an typical nosocomial burden, CDI is a currently a growing
problem throughout the healthcare system both in hospitals and in outpatient settings.3 According to the latest
KISS-data about 43,9% of CDIs are outpatient cases in Germany and thus a topic of interest for both doctors
in the clinical and private sector.4 Whereas the German S2k guideline of 20155 as well as the European
ESCMID Guideline published 20146 for the treatment of CDI differentiate between the therapies applied in
cases of mild and severe cases, the newer SHEA and IDSA guideline published 2017 recommends the same
treatment of initial CDI episodes in adult patients irrespective of the severity of the disease.7
Method
A mind-set analyses was performed on 31 general practitioners (GP) and 14 clinicians and included 24
questions addressing different topics on CDI with the main focus on therapy. The results were reported over
all as well as analyzed separately according to the setting.
Results
7% of the questioned reported not following any guideline in the treatment of CDI while only 4% are following
the new SHEA/IDSA guideline. Over 60% of the doctors use the RKI-Advisor and the S2k-guideline as
guidance. While there is a unison in treating mild CDI-cases preferably with Metronidazole the situation is
different with severe cases: clinicians prefer the use of Fidaxomicin whilst GPs prefer the use of Vancomycin
(see graph). In cases of a recurrence, overall doctors choose to prescribe Metronidazole in the first recurrence
and Vancomycin in the second recurrence. Beginning from the 3-rd recurrence fecal microbiota transplant is
the preferred option.
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Conclusions
There is a different approach in the use of antibiotic options between clinicians and GPs with both sectors still
prescribing treatment depending on the severity of the disease not following the recommendations of newest
US-guideline but preferably the German S2k guideline in the treatment of CDI.
References:
1. Bagdasarian et al. JAMA. 2015;313(4):398-408.
2. NRZ, Abschlussbericht 2016.
3. Prechter et al., Crit Care. 2017;21(1):260.
4. CDAD-KISS, 2018.
5. Hagel et al., Z Gastroenterol 2015;53:418-59.
6. Debast et al., Clinical Microbiology and Infection. 2014;20(2):1-26.
7. McDonald et al., Clin Infect Dis. 2018;66(7):987-94.
Mind-set data analysis performed with coliquio
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Background
Dolutegravir (DTG) and boosted darunavir (bDRV) are known as potent antiretroviral drugs with a high
resistance barrier, a well characterised drug-drug-interaction (DDI) profile, and the option of once daily dosing.
Therefore, this combination might be a suitable nucleoside reverse transcriptase inhibitors (NRTI)-sparing
switch option in people living with HIV (PLWH).
Methods
DUALIS, a large, randomized, open label, phase IIIb, non-inferiority clinical trial compared the switch to
DTG+bDRV (2DR) versus continuation of antiviral therapy. PLWH with HIV RNA <50cps/mL on 2
NRTI+bDRV(3DR) for ≥24 weeks (one accepted blip <200cps/mL) were randomized 1:1 to either switch to
DTG 50mg+DRV 800mg (boosted with 100mg Ritonavir or 150mg Cobicistat) or remain on 3DR through week
48 (W48). Primary endpoint (PE) was proportion of HIV RNA <50cps/mL at W48 (FDA snapshot analysis, ITTe
analysis set). Change in NRTI backbone was not classified as failure. Estimated sample size for analysis of
PE was 292, the non-inferiority margin was ≤-10%.
Results
263 subjects were randomized and treated (2DR n=131, 3DR n=132) after premature termination of
recruitment due to slow recruitment; 90.1% male, 89.7% Caucasian, median age 48 years (IQR 39-54). At
W48, 86.3% (n=113/131) switching to 2DR and 87.9% (n=116/132) continuing on 3DR had HIV RNA <
50cps/mL, difference between arms -1.6% (95.48% confidence interval (CI, based on the adjusted alpha-level
accounting for the interim analysis at week 24) -9.9–+6.7%). Proportion with HIV RNA ≥50 cps/mL: 2DR 3.8%
(n=5), 3DR 4.5% (n=6); discontinuations due to AE: 2DR 4.6% (n=6), 3DR 0.8% (n=1); due to other reason:
2DR 1.5% (n=2, loss to follow-up), 3DR 3.8% (n=5: 4 loss to follow-up, 1 DDI), withdrawal of consent: 2DR
3.1% (n=4), 3DR 3.0% (n=4); missing HIV RNA level 2DR 0.8% (n=1), 3DR 0%. Kaplan-Meier estimates of
confirmed virologic failure (confirmed HIV RNA ≥50 cps/mL) at W48 were 1.6% (n=2) in the 2DR and 3.1%
(n=4) in the 3DR group. No participant had treatment emergent resistance development. The most common
drug-related AEs (MedDRA SOC terms, in >3% of subjects) were gastrointestinal (2DR 4.5%, 3DR <1%), skin
(2DR 3.8%, 3DR <1%), psychiatric (2DR 3.0%, 3DR <1%) and nervous system disorders (2DR 3.0%, 3DR
<1%).
Conclusions
Switching to DTG and bDRV was non-inferior to continuing triple therapy with high rates of maintained viral
suppression, no resistance development, and low rates of drug-related AEs.
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Legionella pneumophila-derived outer membrane vesicles promote bacterial
replication in macrophages
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The formation and release of outer membrane vesicles (OMVs) is a phenomenon of Gram-negative bacteria.
This includes Legionella pneumophila (L. pneumophila), a causative agent of severe pneumonia. Upon its
transmission into the lung, L. pneumophila primarily infects and replicates within macrophages. Here, we
analyzed the influence of L. pneumophila OMVs on macrophages. To this end, differentiated THP-1 cells were
incubated with increasing doses of Legionella OMVs, leading to a TLR2-dependent classical activation of
macrophages with the release of pro-inflammatory cytokines. Inhibition of TLR2 and NF-κB signaling reduced
the induction of pro-inflammatory cytokines. Furthermore, treatment of THP-1 cells with OMVs prior to infection
reduced replication of L. pneumophila in THP-1 cells. Blocking of TLR2 activation or heat denaturation of OMVs
restored bacterial replication in the first 24 h of infection. With prolonged infection-time, OMV pre-treated
macrophages became more permissive for bacterial replication than untreated cells and showed increased
numbers of Legionella-containing vacuoles and reduced pro-inflammatory cytokine induction. Additionally,
miRNA-146a was found to be transcriptionally induced by OMVs and to facilitate bacterial replication.
Accordingly, IRAK-1, one of miRNA-146a’s targets, showed prolonged activation-dependent degradation,
which rendered THP-1 cells more permissive for Legionella replication. In conclusion, L. pneumophila OMVs
are initially potent pro-inflammatory stimulators of macrophages, acting via TLR2, IRAK-1, and NF-κB, while
at later time points, OMVs facilitate L. pneumophila replication by miR-146a-dependent IRAK-1 suppression.
OMVs might thereby promote spreading of L. pneumophila in the host.
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Legionella pneumophila (L. pneumophila) is a common cause of severe community- and hospital-acquired
pneumonia. Upon its transmission to the human lung, L. pneumophila primarily enters and replicates in
macrophages, however resolution of the infection requires multiple cell types and abundant cross talk between
immune cells. Among other cellular interactions secreted membranous vesicles have recently emerged as
means of transport for functional proteins, messenger RNAs (mRNAs) and miRNAs between cells. The
differential effect of bacterial and host cell vesicles in L. pneumophila infection is unknown so far. We infected
THP-1-derived or primary human macrophages with L. pneumophila and isolated supernatant vesicles by
differential centrifugation. We observed an increase of exosomes in the 100 k pellet by nanoparticle tracking
analysis, electron microscopy, and protein markers. This fraction additionally contained Legionella LPS,
indicating also the presence of OMVs. Furthermore, the miRNA profile of the vesicles changed upon L.
pneumophila infection. In contrast, vesicles in the 16 k pellet, representing microparticles, decreased during
infection. The 100 k vesicle fraction activated uninfected primary human alveolar epithelial cells, A549 cells,
and THP-1 cells. Epithelial cell activation was reduced by exosome depletion (anti-CD63, or GW4869), or
blocking of IL-1β in the supernatant. In contrast, the response of THP-1 cells to vesicles was reduced by a
TLR2-neutralizing antibody, UV-inactivation of bacteria, or – partially – RNase-treatment of vesicles.
Our study reveals changes in the quantity of released exosomes after L. pneumophila infection and in their
miRNA profile. Furthermore, exosomes from infected cells are able to induce an inflammatory response in
recipient cells. This provides a new means of communication between the different cell types in an alveolus
during infection with L. pneumophila.
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Community-acquired pneumonia (CAP) and acute exacerbations of chronic obstructive pulmonary disease
(AECOPD) represent a major burden of morbidity and mortality and their differential diagnosis is critical. A
potential source of relevant accessible biomarkers are blood-borne small extracellular vesicles (sEVs).
We performed an EV Array to find proteins on plasma sEVs that are differentially expressed and possibly allow
the differential diagnosis between CAP and AECOPD. Plasma samples from 21 healthy subjects, 24 CAP and
10 AECOPD patients were analyzed. The EV Array contained 40 antibodies to capture sEVs, which were then
visualized with a cocktail of biotin-conjugated CD9, CD63 and CD81 antibodies.
We detected significant differences in the protein decoration of sEVs between healthy subjects and CAP or
AECOPD patients. We found CD45 and CD28 to be the best discrimination markers between CAP and
AECOPD in ROC analyses with an area under the curve of >0.92. Additional ensemble feature selection
revealed the possibility to distinguish between CAP and AECOPD even if the CAP patient had COPD, with a
panel of CD45, CD28, CTLA4, TNF-R-II and
The discrimination of sEV-associated proteins is a minimally-invasive method with potential to discriminate
between CAP and AECOPD patients.
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The central mission of the “TTU Hepatitis Imaging Platform”(HIP) is the provision of cutting edge imaging
technologies under BSL2 and 3 conditions for the studies of hepatitis virus infections aiming at the
development of novel prophylactic and therapeutic treatment strategies and to improve existing therapies.
Research in this area requires advanced imaging methodologies in order to capture the dynamics of biological
reactions, to visualize relevant biological responses (e.g. antiviral immune response) and to decipher biological
reactions, e.g. induced in the course of antiviral therapy. During the past, in collaboration with the TTUs HIV
and Emerging Infections, HIP has provided groups working on all aspects of hepatitis viruses, access to unique
imaging approaches ranging from conventional light and electron microscopy to most novel methods such as
super-resolution and correlative microscopy. This includes access to specific instrumentation, support in the
execution of projects, development of project-tailored methods as well as training and education in all aspects
related to microscopy and imaging. Obtained results have led to the publication of important translational
studies of relevance for several TTU aims. While continuing to serve as central infrastructure of the TTU
Hepatitis, future activities of HIP will focus on the development of novel imaging methods suitable for most
authentic cell culture systems, including organoids, and the establishment of intra-vital two-photon microscopy
under BSL3 conditions (with TTUs HIV, Emerging Infections, and Malaria). The latter will offer DZIF members
the opportunity to follow relevant events (e.g. immune response upon infection/ vaccination/antiviral therapy)
in living tissues and animals. In all these respects, HIP provides a rather unique infrastructure for the benefit
of the TTU Hepatitis and beyond.
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Metabolic activity of dormant Mycobacteria
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Tuberculosis (TB), caused by Mycobacterium tuberculosis complex (MTB) is the world's leading infectious
disease killer with more than 1.7 million deaths each year and more than one billion infected individuals
worldwide. Although the disease is in general curable by antibiotics, treatment success is hampered by the
necessity of a long and side effect prone treatment and increasing resistance rates. While over 90% of all
mycobacteria are killed within the first 2 weeks of antibiotic treatment, it still takes many additional months to
successfully cure the majority of patients. Low treatment efficiency is currently partly attributed to special
growth states mycobacteria enter to avoid being killed by antibiotics and to persist longer within the host. So
called dormant/latent/persistent mycobacteria are genetically identical to their rapid growing counterparts but
are different regarding their regulatory phenotype and seem to be metabolically almost inactive. These
subpopulations are very difficult to understand regarding their fate as they are only a difficult to investigate
small fraction of the whole culture.
We produced dormant model-organism cultures using the acidification model and tracked their metabolic
activity by labeling them with stable isotopes. With a new 96-well-adapted micro-sample protein extraction
protocol, mycobacteria could be inactivated and extracted for MALDI-TOF analysis. We could demonstrate
that in the dormant state, protein turnover is significantly reduced to about 1/20 of the rates observed in rapid
growth, especially for structural proteins. The reaction to different drugs (RIF, LZD, BDQ, BTZ 043) was
investigated to describe the cessation of protein metabolism in the dormant organisms when treated with the
respective substance. We can demonstrate a later onset of the action of the drugs in dormant as compared to
fast growing growth forms, associated with delayed killing action.
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Every year about 10 million people fall sick and 1.7 million die from tuberculosis (TB), the world’s most deadly
infectious disease. The current standard treatment regimen for acute tuberculosis consists of four drugs,
mostly developed between the 1940s and 1960s. Thereby treatment success is often hampered by the
necessity of a long and side effect prone treatment and increasing resistance rates. Since decades of standstill
in TB drug development, new treatment strategies against tuberculosis are a top priority for R&D as well as
drug development by the WHO. The first step towards new strategies is a better understanding of metabolic
escape mechanisms and the dynamic turnover of drug targets during regular growth as well as during
treatment. Thereby, the final protein synthesis is the critical step in bacterial metabolism combining the
interaction between mRNA, ribosomes and ribosomal co-factors as well as ATP and tRNA-bound amino acids.
Protein turnover can not only be used as surrogate for vital mycobacterial activity, differentiated for the
individual proteins it can also demonstrate escape reactions or the turnover of proteinous drug targets.
Commonly used proteomics techniques fail to offer answers on the dynamics of full length proteins especially
during phases of rapid regulation and during drug treatment. In recent years we developed a technique
comprising stable isotope labelling, fast extraction and MALDI-TOF based read out to decipher the protein
turnover of mycobacteria (M. smegmatis, M. bovis, M. tuberculosis). Protein turnovers for structural proteins
during regular growth range between 1.5 and 5 h for M. smegmatis and 24 and 35h for M. tuberculosis. By the
addition of antibiotics from different drug classes (e.g. linezolid, rifampicin), specific changes in the bacterial
metabolism are induced and the effect on the protein turnover can be directly monitored within less than ½ a
doubling cycle. Various drugs, drug concentrations, incubating times, and drug synergies were tested and
effects can be determined and compared in a quantitative way revealing drug action onset in unprecedented
resolution.
For this technique, compared to SILAC procedures, no genetic modifications in the strains nor special media
are necessary, allowing the application also for clinical isolates. None of the existing proteome and
transcriptome techniques is able to access this information. Our dedicated data handling and presentation
strategy gives a very fast overview of the effect of the tested treatment substances and strategies.
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Malaria is a life-threatening disease caused by Plasmodium parasites, with P. falciparum being the most
prevalent on the African continent and responsible for most malaria-related deaths globally. The field of malaria
research only recently moved in the direction of actively identifying biomarkers that can be used to discriminate
different severities or even predict disease outcome. A potential source of easily accessible biomarkers are
blood-borne small extracellular vesicles (sEVs).
We performed an EV Array to find proteins on plasma sEVs that are differentially expressed in malaria patients.
Plasma samples from 21 healthy subjects and 15 malaria patients were analyzed. The EV Array contained 40
antibodies to capture sEVs, which were then visualized with a cocktail of biotin-conjugated CD9, CD63 and
CD81 antibodies.
We detected significant differences in the protein decoration of sEVs between healthy subjects and malaria
patients. We found CD106 to be the best discrimination marker based on ROC analysis with an area under
the curve of >0.974. Additional ensemble feature selection revealed CD106, Osteopontin, CD81, HLA-DR and
HBEGF together with thrombocytes to be a feature panel for discrimination between healthy and malaria.
Pathway analysis linked the herein identified proteins to IFN-γ signaling.
The discrimination of sEV-associated proteins is a minimally invasive method with potential to discriminate
between healthy individuals and malaria patients. Taken together, sEV-associated proteins show potential as
biomarkers for the care of malaria patients.
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Streptococcus pneumoniae (S.p.) is a gram-positive bacterium that usually colonizes the human nasopharynx,
but is also an important pathogen causing fatal infections, such as pneumonia. The process of streptococci
infections is influenced by both, host and pathogen factors. Understanding the interaction between host and
pathogen over the course of infection is crucial for the permanently necessary development of new treatments
against pneumococcal infection. Here, we aim to distinguish the human host response against gram-positive
infections compared to specific S.p infections in bronchial epithelial cells. Therefore, high-throughput profiling
of microRNAs (miRNAs) and mRNAs of a human bronchial epithelial cell line (BEAS-2B) infected with S.p D39
wild-type (for 9 h or 16 h) compared to mock-infected or lipopeptide stimulated cells was performed. The
miRNA sequencing and annotation revealed 75 significantly regulated miRNAs. Several of these miRNAs were
deregulated in a time and also in a treatment dependent manner including streptococcal specific candidates.
RT-qPCR revealed miR-3135b to be significantly expressed in response towards S.p. infection. Moreover,
microarrays were performed to examine mRNA expression resulting in the detection of nearly 10,000 mRNAs
in BEAS-2B cells. More than 2,000 or 5,000 of these mRNAs were significantly deregulated 9 h or 16 h post
treatment, respectively. Comparison of mRNA sequencing results of BEAS-2B cells after miR-3135b
overerpression and microarray analysis after S.p. infection revealed the deregulation of several vesicle
trafficking – associated pathways. Further work will aim on the functional analysis of these findings.
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Ziel
Embolien im Zuge einer infektiösen Endokarditis (IE) sind mit erhöhter Morbidität und Mortalität assoziiert.
Kontrastmittel-Ultraschall (KM-US) ist eine Methode mit hoher Sensitivität, die sicher, schnell und günstig ist.
Außerdem wird weder ionisierende Strahlung noch nephrotoxisches Kontrastmittel verwendet. Ziel dieser
Studie war es, das diagnostische Potential von Kontrastmittel-Ultraschall zur Detektion abdomineller
Komplikationen bei IE zu untersuchen.
Methoden und Ergebnisse
Ein Kontrastmittel-Ultraschall des Abdomens wurde bei 40 von 235 Patienten durchgeführt, die prospektiv im
Rahmen des Kölner Endokarditis-Registers erfasst wurden. Bei 12 von 40 Patienten konnten septische
Embolien oder metastatische Infektionen nachgewiesen werden. Am häufigsten nachweisbar waren
Milzinfarkte (n=10), gefolgt von Niereninfarkten (n=2), einem Leberabszess und einem mykotischen
Aneurysma. Von den 14 intraabdominellen Läsionen, waren sechs nur mittels KM-US und nicht im
konventionellen Ultraschall nachweisbar.
Der Nachweis einer abdominellen Komplikation im Kontrastmittel-Ultraschall war assoziiert mit dem
echokardiographischen Nachweis einer Vegetation (odds ratio [OR], 1.63; 95% Konfidenzintervall [KI], 1.232.16; P=0.04), mit der Größe der Vegetation (9 vs. 18mm; P=0.01) und mit dem Nachweis zerebraler Embolien
(OR, 6; 95% KI, 1.27-28.25; P=0.04). Bei drei Patienten konnten intraabdominelle Läsionen nachgewiesen
werden, die unabhängig von der Endokarditis waren (zwei hepatozelluläre Karzinome, ein Psoashämatom).
Schlussfolgerung
Kontrastmittel-Ultraschall ist eine Methode zur Detektion abdomineller Komplikationen bei IE und erhöht die
Sensitivität im Vergleich zum konventionellen Ultraschall. Weitere prospektiv durchgeführte Studien sind
notwendig, um die diagnostische Wertigkeit bei IE zu untersuchen, insbesondere im Vergleich zu anderen
Methoden der Bildgebung (z.B. CT, MRT).
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Introduction
BK Virus associated nephropathy (BKVAN) is a common complication after kidney transplantation leading to
reduced graft function or graft loss. The molecular pathogenesis of polyoma virus induced kidney damage is
not completely understood. A role for CD4+ T cells has been suggested in this process but the involvement of
NK cells as key regulators of antiviral immunity, has not yet been investigated on a molecular level. Recently,
a study by Trydzenskaya et al. showed an association between the expression of the activating NK cell
receptor KIR3DS1 and the occurrence of BKVAN. In 2016, the ligand of KIR3DS1 has been identified as the
non-classical HLA- class I molecule HLA-F. These observations allow us to investigate the role of KIR3DS1
during BKPyV infection. For the present study, we postulated that HLA-F is upregulated during BKPyV infection
and leads to an increased activation of KIR3DS1+ NK cells.
Methods
After infection with BKPyV (Dunlop strain), surface expression of classical and non-classical HLA-molecules
on infected and mock infected immortalized renal proximal tubular epithelial cells (RPTEC/tert1) was assessed
using flow cytometry. Subsequently, recombinant human KIR3DS1-Fc constructs were used to investigate
binding of KIR3DS1 on RPTEC/tert1 cells. To test the functional relevance of this finding, activation of
KIR3DS1-Jurkat reporter cells after co-cultivation with infected or mock-infected RPTEC/tert1 cells was
quantified based on CD69 expression.
Results
Infection with BKPyV resulted in a 3.5-fold upregulation of HLA-F compared to mock-infected controls. Other
ligands for NK cell receptors such as HLA-A/B/C and MIC-A were only slightly upregulated through the course
of BKPyV infection. Consequently, upregulation of HLA-F resulted in increased binding of KIR3DS1-Fc
constructs to infected cells Finally, KIR3DS1-Jurkat reporter cells showed an increased activation after coincubation with infected RPTEC/tert1 cells compared to mock infected controls (24.70 % vs. 9.60%, p<0.01).
Conclusion
This study provides first evidence for a role of KIR3DS1 and HLA-F during BKV infection. Further investigation
of the potential role of NK cells in the course of BKVAN may result in new therapeutic options, as NK cells are
powerful mediators of antiviral immunity.
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Staphylococcus aureus bloodstream infection in patients with atopic dermatitis
P. Mathé, G. Peyerl-Hoffmann, W. Kern, S. Rieg
Division of Infectious Diseases, Department of Medicine II, Medical Center – University of Freiburg, Faculty of
Medicine, University of Freiburg, Freiburg, Germany
Introduction
Patients with atopic dermatitis (AD) are prone to S. aureus colonization and circumscribed superinfection of
lesional atopic skin. In contrast, S. aureus bloodstream infection (SAB) is a severe disease with a reported inhospital mortality of 20-30%. Dense colonization with S. aureus may render AD patients at risk for developing
SAB. However, systematic studies of the association of SAB and AD exceeding case reports are rare.
Therefore we sought to characterize the clinical manifestations and outcome of SAB in this specific subgroup.
Methods
This study is a post hoc analysis of data collected at the University Medical Center Freiburg. Since 2006 blood
cultures growing S. aureus are reported daily by the microbiology laboratory with the intention that all SAB
patients are prospectively evaluated by infectious disease physicians. In three consecutive years (2014-2016)
419 SAB patients were prospectively evaluated for the presence of AD, based on the patient history and clinical
findings and according to agreed definitions. Patients were followed-up for 365 days.
Results
Of the 419 included SAB patients, 14 patients (3.3%) were diagnosed with AD (Table 1). SAB patients with
AD were younger and found to have fewer comorbidities (Charlson comorbidity index 2.7 vs. 5.9, p=0.001).
SAB in patients with AD was more often hospital-acquired (57% vs. 39% p = 0.18), the portal of entry was an
intravascular catheter in 7 patients (50%) or the skin in 5 patients (36%). Overall, the clinical course of SAB
was less severe in AD patients. No case of infective endocarditis or hematogenous dissemination was
observed. One patient in the AD group died during hospitalization due to his underlying conditions (all-cause
in-hospital mortality 7% vs. 20% in Non-AD group) (Table 1).
Conclusion
Given an (age-adjusted) AD prevalence of 1-3% in the general population, the AD rate of 3,3% in our cohort
may point towards a higher incidence of SAB in AD compared to the Non-AD patients. Treatment outcome
was better in AD patients, which is most likely due to the fact that AD patients were younger, suffered from
less comorbidities and SAB was characterized by superficial portals of entry and main foci, i.e. intravascular
catheters and skin/soft tissue infection. Our findings have implications for preventive strategies: if intravascular
catheters are placed, meticulous care and screening for complications is warranted. Moreover, adequate AD
treatment may decrease the SAB risk by diminishing S. aureus colonization on lesional atopic skin.

203

Symposium VII: Hot Topics aus der Infektiologie
Characteristic

All (n=419)

AD+ (n=14)

AD- (n=405)

p-value

Age, median (Q1- 64 (53 – 77)
Q3)

56 (44 – 67)

64 (54 – 77)

0.087

Charlson
5.8 (3 – 8)
comorbidity index,
mean (Q1-Q3)

2.7 (1.3 – 4)

5.9 (3 – 9)

0.001

Portal of entry

0.029

Mode of acquisition

0.253

Main focus

0.018

MRSA as causative 26 (6%)
pathogen

1 (7%)

25 (6%)

0.598

ID
consultation 339 (81%)
performed

14 (100%)

325 (80%)

0.082

All-cause in-hospital 82 (20%)
mortality

1 (7%)

81 (20%)

0.318

SAB-related
in- 52 (13%)
hospital mortality

52 (13%)
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Improving the diagnosis of tuberculosis: Using transcriptomic profiling of pathogenspecific T cells to identify novel biomarkers
K. Held1, 2, M. I. Ahmed1, 2, L. Rogers1, 2, I. Andrä3, J. Hansen4, L. Olbrich1, 2, M. Schiemann3, M. Hölscher1, 2,
N. Heinrich1, 2, E. Beltrán4, 5, C. Geldmacher1, 2
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Tuberculosis (TB) caused by Mycobacterium tuberculosis (MTB) is one of the leading causes of death
worldwide. One of the major obstacles in the fight against TB is the lack of rapid and accurate diagnostic tools
for TB detection, especially for a clear differentiation between active and latent disease. The current reference
standard relies on the detection of live Mycobacteria by culture, a time-consuming process that can only be
performed in well-equipped laboratories. Novel non-invasive methods to quickly and accurately diagnose TB
are therefore urgently needed.
A novel, flow cytometry based approach assessing T cell activation markers on MTB-specific T cells in
peripheral blood has shown great potential in accurately differentiating between the two disease states and
provides results within 24 hours (Ahmed, et al. 2018). In order to identify additional biomarkers on MTB-specific
T cells that facilitate differentiation between active and latent MTB infection, we applied transcriptional analysis
to MTB-specific T cells from clinically well-characterised patients of the Munich ReFuScreen TB cohort. Live,
MTB-specific CD4 memory T cells were sorted after autologous in vitro stimulation and submitted to low-input
RNA sequencing. Bioinformatic analysis of RNA sequencing data, revealed a number of genes significantly
regulated in MTB-specific CD4 T cells between patients with active or latent stages of TB. We identified a set
of genes, many of which are involved in immune regulation pathways, such as NFKappaB and cytokine
signalling as well in regulation of T cell activity that can clearly distinguish between active and latent MTB
infection.
The biomarkers and pathways differentially expressed in active and latent TB infection, identified and
characterised here, will not only contribute to the development of novel TB diagnostic tools, but might also
deepen our understanding of the cellular pathways involved in the adaptive CD4 T-cell response against MTB.

205

Symposium VII: Hot Topics aus der Infektiologie
P147
Efficacy and safety of sofosbuvir monotherapy in patients with chronic hepatitis E –
The HepNet SofE pilot study
M. Cornberg1, 2, S. Pischke3, 4, T. Müller5, P. Behrendt1, 6, 7, F. Piecha3, J. Benckert5, A. Smith1, A. Koch1, A.
Lohse3, 4, S. Hardtke1, 2, M. P. Manns1, 2, H. Wedemeyer1, 2, 8
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German Center for Infection Research (DZIF), Hamburg, Germany, 5Charité-Universitätsmedizin Berlin,
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Germany, 7Twincore Centre for Experimental and Clinical Infection Research, Hannover, Germany, 8Essen
University Hospital and Medical Faculty of the University Duisburg-Essen, Essen, Germany

A) Individual courses of HEV RNA in IU/ml of nine patients, black line represents median values; B) Individual courses of ALT shown as
upper limit of normal (ULN); black line represents mean values

Background and Aims
Chronic hepatitis E virus infection (cHEV) is an emerging problem in immunocompromised patients. Treatment
is limited to ribavirin (RBV) but many patients cannot be treated because of contraindications. Thus, there is
an unmet need for new antiviral therapies. In vitro studies have shown that the HCV polymerase inhibitor
sofosbuvir (SOF) inhibits the HEV replication, however case reports on the use of SOF in cHEV patients
showed conflicting results.
Method
We performed an investigator-initiated, multicentre phase II pilot trial (NCT03282474) at 3 centers in Germany.
Ten patients with confirmed cHEV who either failed prior RBV therapy or had contraindications for RBV
received 400 mg sofosbuvir daily for 24 weeks. The primary endpoint was undetectable HEV RNA at week 24.
Secondary outcomes included analysis of antiviral efficacy defined by log10 decline of HEV RNA.
Results
Ten patients with cHEV entered the study but one patient was excluded from further analysis because of
exclusion criteria. Mean age of the nine patients was 44±14 years. Seven patients failed prior treatment with
RBV (median 15 months (4-40) and two patients were ineligible to receive RBV. Eight patients had a history
of organ transplantation and one patient had common variable immunodeficiency. Two patients had cirrhosis.
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Median ALT before start of SOF treatment was 126 U/l (38-624). Baseline HEV RNA was 6E5 IU/ml (range
8E4-5E6 IU/ml). Overall 5/9 (56%) patients experienced a decline of HEV RNA of at least 1log10 IU/ml. The
strongest median decline of HEV RNA was observed between baseline and week 2 (1.1 log10). However, no
patient reached the primary endpoint and only two patients maintained a >1log10 reduction of HEV RNA at
week 24. Importantly, ALT level showed a significant decline from 4.6 upper limit of normal (ULN) to 2.2 ULN
at week 12 and 2.7 ULN at week 24. Treatment with SOF was well tolerated. Creatinine clearance was stable
during therapy; all patients stayed above GFR 30 mL/min. Six serious adverse events were reported in three
patients but only one (elevated lipase) was considered to be related to SOF. Sadly, this patient experienced a
sepsis and died 4 weeks after SOF was stopped.
Conclusion:
Sofosbuvir shows moderate antiviral efficacy but does not lead to cure of cHEV. HEV RNA decline was
associated with ALT improvements. SOF should be further investigated in combination with RBV for the
treatment of cHEV in immunocompromised patients.
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Bloodstream Infection due to Multidrug-Resistant Organisms –Multicenter Study on
Determinants of Clinical Outcomes (BLOOMY.COM): 24-month study results
S. Eisenbeis1, 2, S. Göpel1, 2, F. Hölzl1, 2, 3, P. B. Gladstone1, 2, M. Buhl2, 3, C. Cattaneo4, A. M. Rohde5, J. C.
Falgenhauer6, 7, N. Kaeding8, 9, A. Mischnik8, 9, M. Vehreschild10, 11, 12, P. Gastmeier5, T. Chakraborty6, 7, H.
Seifert10, 11, J. Rupp8, 9, W. Kern4, E. Tacconelli1, 2, 13
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Background
Bloodstream infections (BSI) are among the most severe bacterial infections, associated with major morbidity
and mortality. Burden of disease is commonly underrated, due to follow-up usually being limited to the hospital
stay; long-term severe sequelae including their impact on quality of life (QoL) and/or degradation in cognition
and functional capacity are unclear.
Objectives
The study aims to define major short- and longterm determinants (6months mortality, morbidity and QoL) of
sepsis outcomes in a large cohort of ICU (intensive care unit) and non-ICU patients, correlating clinical and
epidemiological data with microbiological and molecular analyses.
Methods: A prospective cohort study conducted from 2017-2018 at 6 german university hospitals. BSI target
organisms are Staphylococcus aureus, Enterococcus spp., Escherichia coli, Klebsiella spp., Enterobacter
spp., Pseudomonas aeruginosa, and Acinetobacter baumannii. Major outcomes are: Mortality and morbidity
up to discharge/after 6 months; incidence of target and multidrugresistant (MDR) bacteria. Strains are analyzed
with whole genome sequencing.
Results
Inclusion began 02/2017. Until December 31st 2018, the project included a total of 2569 patients: 1611 males
(63%); median age 68 (18 to 98). The most frequent comorbidities were malignancies with 45% (1147/2561).
The majority of BSI (1556, 61%) were due to gram-negative bacteria: E. coli 898 (58%), Klebsiella spp. 299
(19%), P. aeruginosa 138 (9%) and Enterobacter spp. 137 (9%). Among the tested gram-positive bacteria S.
aureus (650, 59%) was the most common followed by Enterococcus faecium (228, 21%) and Enterococcus
faecalis 190 (17%). MDR bacteria were detected in 289 patients (11%): 3/4MRGN in 171 (59%); MRSA in 54
(19%), VREs in 66 (23%). The rate of nosocomial infections was 44% overall and 53% in MDR BSI. The overall
in-hospital mortality rate was 24% (610/2569) and the post-discharge 6-month mortality rate was 21%
(339/1582). BSI due to MDR bacteria were associated with an in-hospital morality rate of 31% (90/289);
specifically, 3/4MRGN 26% (44/171); MRSA 37% (20/54); VRE 39% (26/66). The post-discharge mortality at
6-month among BSI due to MDR bacteria was 27% (44/163). The most common complications during
hospitalization were renal failures (29%, 738/2551), admission to intensive care unit (ICU) (39%, 1000/2559),
requirement of catecholamines (21%, 527/2559) and mechanical ventilation (22%, 567/2559). The most
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prevalent longterm sequelae are grouped into 5 categories: gastrointestinal (53%, 479/903), neurological
(50%, 449/906), psychological (40%, 363/908) and respiratory (39%, 355/907). The most frequently reported
symptom was muscular weakness (56%, 502/892).
Conclusions
In a German cohort MDR-bacteria accounted for 11% of BSI. Significant differences in short- and long-term
morbidity and mortality were further investigated in a multivariate analysis including epidemiological, clinical
and microbiological data.
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NKG2C+CD57+ Natural Killer cells may play an important role in maintaining virusspecific immune reconstitution post-allogeneic HSCT
D. Basílio-Queirós, S. Luther, A. Ganser, E. Mischak-Weissinger
Hannover Medical School, Department of Hematology, Hemostasis, Oncology and Stem Cell Transplantation,
Hannover, Germany
Background
Allogeneic HSCT is one of the curative treatments for several malignant hematological diseases. The delayed
immune reconstitution after HSCT can allow the reactivation of latent viruses. CMV-reactivation can lead to
prolonged hospitalization, increased morbidity and mortality. NK cells are the first lymphocytic population to
reconstitute and undergo a persistent reconfiguration in response to CMV. We analyzed the presence and
expansion of adaptive NK cells in patients after allogeneic HSCT.
Methods
A multicolor FACS panel for monitoring of the adaptive NK cell reconstitution was established. Reconstitution
of adaptive NK cells was assessed in peripheral blood samples from 70 CMV-seropositive patients weekly
between day 0 and 100 post-HSCT. CMV-reactivation was monitored by CMV-pp65 antigenemia.
Reconstitution of CMV-CTLs was analyzed by CMV-tetramers. For further assays, PBMCs from 7 patients
were isolated by density centrifugation. Adaptive NK cells were purified by cell sorting and expanded.
Cytotoxicity assays were performed by co-culture of adaptive NK cells with CMV-infected HFF. Degranulation
capacity was assessed by CD107a staining and the cytotoxic effect by lactate dehydrogenase assay. T cellcapacity to migrate towards adaptive NK cells co-cultured with CMV-infected HFF was evaluated by transwell
assays with 5.0 µm polycarbonate membranes.
Results
The cohort consisted of 70 patients after allogeneic HSCT (median age: 58 years, range: 19-73). Forty-six
patients (65.7%) were transplanted for acute leukemia, 58 (82.9%) received RIC and 67 (95.7%) received
ATG. GvHD-prophylaxis was CsA in combination with MMF for 77.1% of the patients. Thirty-seven (52.9%)
patients reactivated CMV (median age: 61 years, range 23–73; median day of reactivation: day +37 postHSCT, range: 17-63).
A significant increase in the absolute cell counts of adaptive NK cells was observed after CMV reactivation,
when compared to patients who did not reactivate CMV (p<0.001). Degranulation capacity of expanded
adaptive NK cells was significantly increased when co-cultured with CMV-infected HFF for all E:T ratios used.
Moreover, LDH colorimetric assay showed a significant increase of LDH release in CMV-infected HFF when
compared to uninfected HFF (p<0.0001). When comparing adaptive NK cells with CMV-CTLs, both cell
populations show an increase in absolute counts. However, adaptive NK cells continue to expand after
resolution of CMV-reactivation, while CMV-CTLs pool starts to retract (p<0.05). Also, we observed a
significantly increased fold difference in the migration of T cells when adaptive NK cells were co-culture with
CMV-infected HFF in comparison to T cell chemoattractant CCL21 (p<0.05).
Conclusion
Taken together, our results indicate that adaptive NK cells undergo a dynamic modulation in response to CMVreactivation. Also, adaptive NK cells are not only able to eliminate CMV-infected target cells but can also recruit
T cells to the site of infection.
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Update On The Ongoing Munich Infectious Mononucleosis (IMMUC) Study
M. Bodenhausen1, T. Hofberger1, L. Schulte-Hillen1, J. Geisperger1, K. Gerrer1, A. Balteanu2, A. Hapfelmeier3,
N. Körber4, C. Richter4, K. Hobmeier1, 4, P. Wallraven1, 4, L. Werny1, 4, F. Fischer1, T. Bauer1, 5, N. Graf6, D.
Hoffmann5, 6, P. Luppa7, E. Planatscher1, 8, J. Nückel1, 8, R. Weggel1, 8, C. Meindl1, 8, J. Mautner1, 5, 8, D.
Adhikary1, 5, 8, J. Damaschke5, 8, E. Bach1, 8, A. Moosmann5, 8, K. Rautter1, 8, E. Nößner9, S. Fink10, 11, H.-J.
Delecluse10, 11, T. Ganzenmüller12, 13, T. Schulz14, 15, M. Steinborn16, S. Egert2, F. Hauck5, 17, A. Nieters18, 19, U.
Behrends1, 5, 8
1

Technical University Munich (TUM), Children's Hospital, Munich, Germany, 2Technical University Munich
(TUM), Muenchner Studienzentrum (MSZ), Munich, Germany, 3Technical University Munich (TUM), Institute
of Medical Statistics and Epidemiology (IMSE), Munich, Germany, 4Helmholtz Center Munich, Institute of
Virology, Munich, Germany, 5German Center for Infection Research (DZIF), TTU IICH, Partner Site Munich,
Munich, Germany, 6Technical University Munich (TUM), Institute of Virology, Munich, Germany, 7Technical
University Munich (TUM), Institute of Clinical Chemistry, Munich, Germany, 8Helmholtz Center Munich
(HMGU), Research Unit Gene Vectors, Munich, Germany, 9Helmholtz Center Munich (HMGU),
Immunoanalytics Core Facility, Munich, Germany, 10German Cancer Research Center (DKFZ), Heidelberg,
Germany, 11German Center for Infection Research (DZIF), TTU IICH, Partner Site Heidelberg, Heidelberg,
Germany, 12University Hospital Tübingen, Institute of Virology, Tübingen, Germany, 13German Center for
Infection Research (DZIF), TTU IICH, Partner Site Tübingen, Tübingen, Germany, 14Hanover Medical School,
Institute of Virology, Hanover, Germany, 15German Center for Infection Research (DZIF), TTU IICH, Partner
Site Hanover, Hanover, Germany, 16Munich Municipal Hospital Schwabing, Dep. of Diag. and Intervent.
Radiology and Pediatric Radiology, Munich, Germany, 17Ludwig Maximilians University, Dr. von Hauner
Children's Hospital, Munich, Germany, 18University Medical Center Freiburg, Research Group Molecular
Epidemiology of Immunodeficiency, Freiburg, Germany, 19German Center for Infection Research (DZIF), TTU
IICH, Partner Site Freiburg, Freiburg, Germany
The Epstein-Barr virus (EBV) is a ubiquitous human gamma-herpesvirus implicated in the pathogenesis of
several malignant and non-malignant human diseases. Primary EBV infection usually occurs within the first
three years of life in an almost always asymptomatic fashion. However, delayed primary infection may cause
infectious mononucleosis (IM) with a broad spectrum of clinical features and distinct laboratory findings.
Although usually a self-limiting disease with fever, tonsillopharyngitis, lymphadenopathy and fatigue, IM can
be associated with acute and life-threatening complications, protracted symptoms, subsequent malignant
disease and/or autoimmune disorders. In few cases, distinct primary immunodeficiencies (PID) were identified
as causative factors of severe EBV-IM but in most of the cases the pathogenic mechanisms remained obscure.
The Munich Infectious Mononucleosis (IMMUC) study is a large observational clinical study designed to identify
biomarkers and causative factors of complicated and/or protracted EBV-IM. With the support of the German
Center for Infection Research (DZIF) 200 children, adolescents, and young adults with acute EBV-IM have
been recruited from Munich medical institutions and are being investigated up to six months after the onset of
symptoms. Throughout this time period clinical signs of EBV-IM as well as various biochemical, immunological
and virological parameters in blood and mouth washes are being analysed.
Here we present clinical and routine laboratory data of the complete IMMUC study cohort (n = 200) and provide
information on disease complexity, severity, and protraction. Acute complications included EBV-associated
life-threatening hemophagocytic lymphohistiocytosis (HLH), encephalitis, splenic rupture, and dyspnea due to
kissing tonsils. Remarkably, 31% of the patients whose follow-up was completed until August 2019 were still
symptomatic at six months after disease onset, including 16% with protracted fatigue. Moreover, 57% of all
patients were treated with antibiotics and 18% received steroids during the acute phase of their disease. In
sum, our findings pointed up the urgent need of improved diagnostic and therapeutic options in the context of
symptomatic EBV primary infection.
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Evaluating whole blood gene expression signatures for distinct disease states and
dynamics in sputum conversion in patients with pulmonary tuberculosis
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Tuberculosis (TB) caused by Mycobacterium tuberculosis is one of the leading causes of death, infecting an
estimated 1.7 billion people worldwide. Current guidelines recommend treatment for drug-susceptible
pulmonary TB for 6 months, and 9 to 12 months for treatment of extra-pulmonary TB. Current diagnostic tools
are unsatisfactory and research is on-going to improve diagnostic capabilities. Several host RNA signatures
from whole blood, aimed at diagnosing active disease or to assess for disease progression, have been
described in recent years. Still, biomarkers to guide treatment and to allow monitoring of treatment response
are urgently needed. Hence, we intended to systematically study the impact of host markers on discriminating
different “disease states” and early prediction of treatment outcome.
Whole blood tempus tubes were obtained from the PanACEA study’s (Boeree et al., 2017) standard treatment
arm (HRZE) with additional inclusion criteria for subjects who culture converted within 26 weeks of treatment
and number of lung cavities (≤ 1). RNA was extracted for a total of 43 subjects on 4 time-points (baseline, 2,
12 and 26 weeks) followed by RNA-sequencing using Illumina NextSeq500 technology. A number of
comparisons were carried out to investigate response to treatment. First, all time-points were compared to end
of treatment (w26) to monitor the effect of treatment over the treatment duration. Secondly, the cohort was
split into two groups based on their culture conversion data, early responder (≤ 56days) and late responder
(>56days).
A number of genes were found to be significantly differentially expressed between samples taken at week 0
and week 26. Of these, the majority of genes (~70%) were up-regulated at week 0. Known diagnostic
signatures were successfully evaluated on our data set. Canonical pathways significantly affected by the upregulation at time of diagnosis encompassed functions such as phagosome formation, inflammasome pathway
and interferon signalling. Further analysis towards a transcriptomic signature on treatment response revealed
a strong effect 2 weeks into anti-TB treatment. Work on the culture conversion subset of early versus late
responders is currently ongoing.
We describe the pattern of differential gene expression between two different “disease states” of TB, the “active
TB” and the ‘cured” state, in patients enrolled in the PanACEA trial, focussing on individuals who had been
successfully treated for 6 months and who did not show any clinical relapse within a 2 year follow up period.
We also highlight that a profound effect on the gene expression pattern can be readily detected 2 weeks after
treatment initiation. Our results may serve to establish an early gene signature for a favourable treatment
outcome, thus enabling a personalized treatment approach.
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Frequency, severity and impact of PEG-IFNa-associated flares in HDV infection:
Results from the HIDIT-2 study
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Background and Aims
Treatment with PEG-IFNa is currently the only treatment option of hepatitis D virus (HDV) infection. ALT flares
may occur during and after interferon-based therapies of hepatitis B monoinfection and are considered as
beneficial. However, hepatitis flares could represent a concern in hepatitis D which frequently presents with
more advanced disease stages. We analyzed the frequency, severity and impact of hepatitis flares in the
HIDIT-2 study.
Methods
HIDIT-2 has been a randomized multicenter study performed in 14 sites in Germany, Greece, Romania and
Turkey. 120 patients were treated for 96 weeks with PEG-IFNa2 with tenofovir dipivoxil (TDF) or placebo
(Wedemeyer et al., Lancet ID 2019). Hepatitis flares were defined as ALT increases above ten times the upper
limit of normal or increases of more than 2·5 fold above baseline or nadir values.
Results
ALT flares occurred in 28 patients under treatment (Flare frequency was similar in patients with and without
cirrhosis (26% and 23%, respectively), none of the cirrhotic patients experienced hepatic decompensation due
to flares. ALT flares were associated with HDV RNA declines (>1log10 cop/ml) within the next two visits in
53.5% (15/28) of patients with HBsAg drops (0.5 >log10 IU/ml) in 8 patients (3 PEG-IFNa+Placebo and 5 PEGIFNa+TDF). At post-treatment week 120, HDV RNA levels were similar in patients who had experienced flares
and in patients w/o flares (2.25E+05 cop/ml vs. 2.29E+05 cop/ml). ALT flares during treatment were associated
with undetectable HDV RNA at week 120 in 11 patients.
Conclusions
ALT flares occur frequently during and after PEG-IFNa therapy of hepatitis D. Flares are associated with
virological responses in some patients. These findings are of relevance for combination therapies with antiviral
agents and PEG-IFNa.
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Highly diversified shrew hepatitis B viruses corroborate ancient origins and divergent
infection patterns of mammalian hepadnaviruses
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Shrews, insectivorous small mammals, pertain to an ancient mammalian order. We screened 693 European
and African shrews for hepatitis B virus (HBV) homologs to elucidate the enigmatic genealogy of HBV. Shrews
host HBVs at low prevalence (2.5%) across a broad geographic and host range. The phylogenetically divergent
shrew HBVs comprise separate species termed crowned shrew HBV (CSHBV) and musk shrew HBV
(MSHBV), each containing distinct genotypes. Recombination events across host orders, evolutionary
reconstructions, and antigenic divergence of shrew HBVs corroborated ancient origins of mammalian HBVs
dating back about 80 million years. Resurrected CSHBV replicated in human hepatoma cells, but human- and
tupaia-derived primary hepatocytes were resistant to hepatitis D viruses pseudotyped with CSHBV surface
proteins. Functional characterization of the shrew sodium taurocholate cotransporting polypeptide (Ntcp),
CSHBV/MSHBV surface peptide binding patterns, and infection experiments revealed lack of Ntcp-mediated
entry of shrew HBV. Contrastingly, HBV entry was enabled by the shrew Ntcp. Shrew HBVs universally showed
mutations in their genomic preCore domains impeding hepatitis B e antigen (HBeAg) production and
resembling those observed in HBeAg-negative human HBV. Deep sequencing and in situ hybridization
suggest that HBeAg-negative shrew HBVs cause intense hepatotropic monoinfections and low within-host
genomic heterogeneity. Geographical clustering and low MSHBV/CSHBV-specific seroprevalence suggest
focal transmission and high virulence of shrew HBVs. HBeAg negativity is thus an ancient HBV infection
pattern, whereas Ntcp usage for entry is not evolutionarily conserved. Shrew infection models relying on
CSHBV/MSHBV revertants and human HBV will allow comparative assessments of HBeAg-mediated HBV
pathogenesis, entry, and species barriers.
doi: 10.1073/pnas.1908072116
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gp350CAR-T cells: In vivo testing and progress towards a gene-edited off-the-shelf
adoptive T cell therapy against EBV+ PTLD
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Objectives
Epstein-Barr virus (EBV) is associated with post-transplant lymphoproliferative disorder (PTLD) in
immunocompromised hosts. Adoptive immune therapy with virus-specific T cells relies on the presentation of
viral antigens through the Human Leukocyte Antigen (HLA) to the T cell receptor (TCR). The clinical objective
of this project is to generate an engineered and enhanced HLA-independent T cell product to treat PTLD.
Using retroviral vectors, we generated T cells expressing chimeric antigen receptors (CARs) targeting gp350,
an EBV membrane-bound protein. We previously showed that gp350CAR-T cells specifically recognized and
killed gp350 positive and EBV infected cells in vitro. Here, dynamic studies using humanized mice infected
with EBV/fLUC were performed to evaluate the potency of gp350CAR-T cells in vivo. In addition, in order to
avoid allogeneic responses for future generation the TCR of gp350-CAR-T cells was knocked-out by
CRISPR/Cas9 gene disruption.
Methods
Nod-Rag-/-IL-2gcR-/- (NRG) mice were transplanted with human hematopoietic CD34+ stem cells and when
human T/B cell reconstitution stabilized at 15-17 weeks post-transplant the mice were infected with the
EBV/M81fLUC strain (kindly provided by Prof. Delecluse, DKFZ). An optical imaging analyses system was
used to follow infections. 7A1-gp350CAR-T cells were administered i.v. and their effects were evaluated in
vivo. Using a gene editing protocol, CD8+ gp350CAR-T cells were generated by retroviral transduction and
subsequent electroporation with CRISPR/Cas9 and gRNA RNP.
Results
For the protective model, one day before infection of humanized mice with EBV/M81/fLUC, autologous sorted
CD8+ or 1:1 CD8+/CD4+ sorted gp350CAR-T cells were administered i.v. 2 out of 3 of infected control mice
showed increase of the bioluminescent signals. In contrast, 2 out of 3 mice pre-treated with CD8+ gp350CART and all four mice pre-treated with CD4+CD8+ gp350CAR-T mice showed lower progression of infection.
These responses correlated with lower levels of EBV genomic copies in bone marrow. For the therapeutic
model, 3 and 5 weeks after EBV/M81/fLUC challenge, autologous sorted CD8+ gp350CAR-T cells were infused
i.v. into mice (n=7). Non-treated EBV-infected mice were used as controls (n=6). Whereas 4/6 of the control
mice showed progressive EBV dissemination until week 8, 5/7 of the CD8+gp350CAR-T treated mice showed
initially dissemination until week 6, but then only 1/7 showed progression until week 8. PCR of EBV copies in
bone marrow showed overall higher levels for controls compared with treated mice. Further, the TRAC locus
was disrupted resulting into TCRneg-KO-gp350CAR-T cells.
Conclusions and Outlook
These pilot in vivo experiments indicated beneficial effects of gp350-CAR-T cells against EBV spread. TCRnegKO-gp350CAR-T cells from different adult PBMC donors are being generated and tested for cytotoxicity
against autologous or allogeneic LCL lines supporting EBV lytic replication.
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B-cell dysfunction characterized by polyclonal activation and functional exhaustion of B cells constitutes a
major element of HIV-induced immunopathogenesis that limits the mounting of neutralizing antibody
responses. Since the viral pathogenesis factor Nef can impair immune cell communication as well as motility
of infected CD4+ T cells, we hypothesize that Nef may contribute to B cell dysfunction and thus evasion from
neutralizing humoral immune responses by impairing T cell help in HIV patients. In this scenario, defects in
Nef function may explain the mounting of effective broadly neutralizing antibody responses in a small subset
of HIV patients (Elite Neutralizers (EN)).
To test this hypothesis, we performed a comprehensive genotypic and phenotypic characterization of primary
patient-derived nef alleles. Viral RNA from serum or plasma of 11 Chronic Progressors (CP) and 10 (EN)
patients was isolated to amplify nef genes by nested PCR and to determine the predominant nef sequence in
each patient. The amplified fragments were cloned into GFP expression plasmids for functional
characterization. While all Nef variants displayed comparable levels of expression and subcellular localization,
individual CP as well as EN Nef variants were impaired in cardinal Nef functions such as downregulation of
cell surface CD4 and MHC-I and inhibition of actin-dependent CD4 T cell chemotaxis. Ongoing investigations
address the ability of these patient-derived Nef variants to affect the response of CD4 T cells to T cell activation
ex vivo as well as the ability to impair CD4 T cell homing and the mounting of humoral immune responses in
an adoptive transfer mouse model. Results of these analyses will be presented and correlated to the ability of
both patient cohorts to mount neutralizing antibody responses.
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The Association of Antibiotics and Clostridium Difficile Infections in Allogenic Stem
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Introduction
Oncological patients receiving allogeneic stem cell transplantation (aSCT) are at risk of contracting hospitalacquired Clostridium difficile infection (CDI) followed by severe diarrhea.
Methods
We conducted a cohort analysis based on aSCT recipients treated at the Department I of Internal Medicine at
the University Hospital of Cologne between 01/2016 and 12/2018. We extracted demographic, clinical, and
microbiological data, as well as the antibiotic therapeutic and prophylactic medication from the Cologne Cohort
of Neutropenic Patients. The 100-day CDI incidence rates from onset of conditioning chemotherapy were
computed. Antibiotic usage and further covariates from onset of conditioning chemotherapy were assessed in
an adjusted multivariable backward-stepwise logistic regression. Patients with signs of CDI infection before
aSCT were excluded.
Results
We included 253 patients, of whom 23 were positive for CDI. Among these patients, the incidence rates for
the 100-day CDI was 9.1 with a rate of 19.2 per 10,000 patient days. The median time from conditioning
chemotherapy to CDI was 34 days (interquartile range: 15-41 days). In 15 patients, an acute graft-versus-host
disease was present at onset of CDI. In 12 patients, CDI occurred during neutropenia (neutrophils <500/μL
[×109/L]). The two most frequently administered therapeutic antibiotics were piperacillin and tazobactam (group
without CDI: 147/230 [63.9%], group with CDI: 13/23 [56.5%]) and meropenem (group without CDI: 128/230
[55.7%], group with CDI: 10/23 [43.5%]). Antibiotic prophylaxis was administered in 44/230 (19.1%) and 2/23
(8.7%) of patients for the group without and with CDI, respectively. The adjusted logistic regression analysis
revealed no significant association of antibiotics and CDI.
Conclusion
In contrast to other studies, in our analysis, we could not find an association of antibiotics and CDI. For further
conclusions, a time-dependent consideration of further covariates and risk factors in a larger and multi-centric
cohort is needed.
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Die erhöhte Anzahl myeloider Suppressorzellen im Blut von späten Frühgeborenen
ist mit neonatalen bakteriellen Infektionen asoziiert
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Hintergund
Perinatale Infektionen sind einer der Hauptgründe für Morbidität und Mortalität bei Frühgeborenen. Die erhöhte
Anfälligkeit für Infektionen nach der Geburt wird mit der Persistenz des tolerogenen Funktionsstatus des
fetalen Immunsystems in Verbindung gebracht. Die genauen Mechanismen der neonatalen
Immunsuppression sind jedoch noch sehr unvollständig verstanden. Myeloide Suppressorzellen (myeloidderived suppressor cells, MDSC) sind myeloide Vorläuferzellen, welche vor allem durch Hemmung der TZellfunktionen und T-Zellprofileration immunsuppressiv wirken und ursprünglich in Tumoren, aber auch in
akuten und chronischen Inflammationen in erhöhter Anzahl nachgewiesen wurden. Unter physiologischen
Bedingungen sind MDSC nur marginal vorhanden, konnten aber sowohl bei Schwangeren als auch im
Nabelschnurblut von Neugeborenen in erhöhter Anzahl beobachtet werden. Welche Rolle sie im neonatalen
Organismus spielen ist bis jetzt völlig unklar.
Fragestellung
Ist die Anzahl von MDSC in der Neonatalperiode abhängig von Gestationsalter, Lebensalter, Geburtsmodus
oder peripartalen und postnatalen Infektionen wie der Chorioamniontis (Amnioninfektionssyndrom, AIS) oder
neonataler Sepsis?
Material und Methoden
Monozentrische Kohortenstudie mit 197 Früh- und Reifgeborenen zwischen 24+0 Schwangerschaftswoche
(SSW) und 41+6 SSW während der ersten zwei Lebensmonate. Durchflusszytometrische Quantifizierung von
MDSC (CD66b+/CD33+/CD14-/HLA-DRlow/-) aus Nabelschnurblut und peripherem Blut aus Routine- und
klinisch induzierten Blutentnahmen von Früh- und Termingeborenen aus der 24+0 Schwangerschaftswoche
(SSW) bis 41+6 SSW während der ersten zwei Lebensmonate. Korrelation der MDSC-Zahlen mit klinischen
Daten wie z.B neonataler Sepsis (mit: Hypo-/Hyperhypermie, Tachypnoe, Tachykardie, reduzierte
Mikrozirkulation, sowie mindestens einem der folgenden laborchemischen Marker: CrP>1,0mg/dl, Leukopenie,
Thrombopenie oder AIS (mütterlich CrP>1mg/dl, Leukozytose mit mindestens einem der folgenden klinischen
Parameter: mütterliche Hyperthermie,fötiodes Fruchtwasser oder fetale Tachykardie)
Ergebnisse
MDSC-Level im Nabelschnurblut warenunabhängig vom Gestationsalter (1.32% (23+0-28+6 SSW), 1.37%
(29+0-32+6 SSW), 1.84% (33+0-36+6 SSW) und 1.85% (>37+0 SSW)) im Vergleich zu Erwachsenen (0.21%)
erhöht. Postpartal waren MDSC während der ersten 28 Lebenstagen (LT) bei Frühgeborenen in erhöhter
Anzahl zu finden (2,03% (1-7 LT), 2,07% (8-28 LT), 0,53% (>28LT)) und nahmen dann auf Werte von
Erwachsenen ab. Sowohl bei AIS (5.27%) als auch bei neonataler Sepsis (6.31%) kam es bei Frühgeborenen
zu einer Expansion von MDSC.
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Schlussfolgerung
Die Ergebnisse deuten auf eine wichtige regulierende Rolle von MDSC während der Neonatalperiode hin. Ob
sich eine Erhöhung von MDSC während Infektionen protektiv oder schädigend auswirkt, muss in
nachfolgenden Studien erklärt werden. Langfristig gesehen könnten MDSC ein Ziel für eine
immunmodulierende Therapie bei Neonaten darstellen.
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Introduction
Clinically, it is well accepted that CMV infection/reactivation is associated with reduced allograft and overall
survival for kidney transplant recipients. Current clinical protocols comprise anti-viral prophylaxis for high (D+R) and intermediate (D+/-R+) risk groups but they often rely on center-specific protocols. Therefore, the
identification of immunological mechanisms underlying primary CMV infections in D+R- patients -while other
high-risk patients remain completely uninfected- are highly relevant for the risk stratification of this patient
group and could unveil new targets to prevent primary CMV infection in SOT patients. These risk factors
presumably comprise both clinical as well as immunological factors, i.e. lymphocyte subsets or genetic variants
or immune response genes.
Methods
Prospective immunotyping using polychromatic flow cytometry characterizing more than 150 leukocyte
subpopulations and functional gene expression analysis was performed in kidney transplanted patients in their
first year after TX. The degree of immunosuppression was monitored with pharmacodynamic methods,
employing gene expression analysis of targeted genes.
Results
340 kidney transplanted patients have been recruited so far for this study. At 1,500 time-points complete
functional immunophenotyping has been performed. In the high-risk group with the D+R- constellation
approximately 50% of the patients develop CMV disease upon completion of CMV prophylaxis. In all risk
groups studied, living organ transplantation was statistically beneficial in preventing CMV disease requiring
hospitalization. Importantly, we could show that the immunotype of patients receiving living transplantation
differs already before transplantation significantly from those patients receiving deceased organs. The impact
of CMV infection on the individual immunotype (changes in the T- and NK-cell compartments) was already
present during anti-viral prophylaxis. So far, no single marker was able to predict increased susceptibility
towards CMV infection on an individual level. Therefore, we will build biased (based on single parameter
statistics) and unbiased linear models that associate with CMV disease.
Conclusion
Our preliminary data suggests that the immune status before and early after transplantation is important for
preventing CMV disease after anti-viral prophylaxis has stopped in intermediate and high-risk groups of kidney
transplanted patients. Primary CMV infection has a major impact on the composition of the T- and NK-cell
compartments that exceeds by far the impact of the immune activation by the allograft.
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The Epstein Barr virus (EBV) establishes lifelong persistent infections in more than 90 % of the human
population. While primary infection usually occurs early in life in an almost always asymptomatic fashion,
delayed primary infection may result in a multi-facetted infectious mononucleosis (IM) syndrome. Although
usually a self-limiting disease with fever, tonsillopharyngitis, lymphadenopathy and fatigue, IM can be
associated with acute and life-threatening complications, protracted symptoms, and/or subsequent malignant
and/or autoimmune diseases. In few cases, distinct primary immunodeficiencies were identified as causative
factors but in most of the cases the pathogenic mechanisms remained obscure.
To identify biomarkers and causative factors of protracted and/or complicated IM, sera from 200 patients
participating in the “Munich Infectious Mononucleosis” (IMMUC) study are being analyzed for antibody
responses against EBV at the time of acute illness as well as one and six months after disease onset.
To this aim, all EBV ORFs were expressed as C-terminally His6-tagged proteins in HEK293T cells and purified
from cell lysates using Nickel2+ agarose beads. Equivalent amounts of EBV proteins were spotted onto
nitrocellulose membranes and then incubated with patient sera as well as a monoclonal mouse antibody
directed against the His6-tag. Following incubation with an IRDye800-coupled anti-human IgG and an
IRDye700-coupled anti-mouse IgG secondary antibody, EBV-specific humoral responses as well as the
amount of spotted protein were quantified. Validation of this novel multiplex serum assay and first results on
100 patients with IM are presented.
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Haematopoietic stem cell transplantation (HSCT) is a curative treatment for malignant blood disorders that is
still associated with complications. Human cytomegalovirus reactivations (CMV-R) occur in up to 75% of
seropositive patients and are associated with increased mortality. GvHD is the most frequent cause of nonrelapse mortality (NRM), accounting for 25% of deaths. The connection between CMV-R and acute GvHD is
a subject of active research. While it is known that aGvHD increases the risk of CMV-R, the reverse is not so
clear with conflicting accounts in the literature.
Aim
Identification of biomarkers for CMV-R and acute GvHD to allow improved diagnostics and individualised
treatment
Methods
HSCT patients from the Hannover Medical School are prospectively recruited. Clinical and virological data is
linked to measurements of CMV-specific immune reconstitution, serum cytokine profiles and HCMV genomic
populations. Correlations between measured parameters and clinical outcome are statistically determined.
Results
We analysed 252 samples from an archived cohort of 42 patients and 239 samples from an ongoing cohort of
50 patients.
Immune reconstitution that protects from CMV-R is characterised by HCMV-specific cytotoxic lymphocytes
(CMV-CTLs). We assessed CMV-CTL numbers and function using tetramer staining and the Quantiferon-CMV
kit to measure interferon-gamma secretion. Both methods are effective in this patient group and we are now
defining cutoff values.
Multiplex analysis of serum cytokines indicates that reductions in a set of cytokine levels pre-transplant has
strong predictive value for post-transplant CMV-R (IL-15 (p=0.004), IL-13 (p=0.004), IL-6 (p=0.005) and IFNα (p=0.01)).
In our cohort, CMV-R reduces the risk of aGvHD (p=0.038), with a link between the cytokine profile during
HCMV reactivation and the risk of subsequent aGvHD. Several cytokines shown to impact aGvHD via effects
on T cells and inflammation appear to be influenced by CMV-R. Serum samples during HCMV reactivation
(n=37) showed significant or near-significant associations between increased IL-7 (p=0.038), decreased IL-2
(p=0.049), IL-17(p=0.06) and IL-10 (p=0.08) and subsequent aGvHD (n=16). Thus, preliminary data indicate
that HCMV reactivation may, in some patients, favour an environment that is less conducive to aGvHD.
We are also determining the HCMV population in individual patients by high-throughput sequencing (HTS)
with the expectation that this will provide further insights into the infection course.
Conclusions
We anticipate that expanding the study to include a larger number of patients from multiple treatment centres
will allow the validation of a set of biomarkers for HCMV reactivation and aGvHD incidence in HSCT patients.
This will allow individually tailored treatment programmes with reduced side-effects and improved patient
management.
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Background
Hepatitis E virus (HEV) is a non-enveloped single-stranded RNA virus. In humans HEV genotype 1-4 viruses
are causing acute or chronic hepatitis as well extrahepatic manifestations. Although many epidemiological
questions are still open, food (undercooked meat) and blood products are the most relevant transmission
routes in Germany. Real time PCR assays are importand diagnostic tools, however the current CE labeled
quantitative HEV PCR assays require many manual steps restricting the amount of samples to be processed
in parallel. In contrast the fully automated cobas 6800/8800 system can perform up to 384/960 real time PCR
tests during an 8-hour shift while the open mode allows user to integrate own primer/probe sets to automate
lab developed test (LDT).
Aim
of the study was to establish and validate a quantitative HEV real time LDT PCR assay on the high throughput
PCR system to allow efficient screening and quantification of large cohorts, as blood donors or within
epidemiological studies.
Methods
We used a published pan HEV genotype assay based on detection and amplification of the conserved orf2/3
region (Garson et al. 2012). Primer and probes were adapted to the specific need of the cobas master mix
(Zo5 Polymerase) using the optimisation kit and Light Cycler 480 II. To further enhance sensitivity and reduce
primer dimer formation 5`acetylation of the penultimate base in both primers was introduced. Assay specific
settings (universal run profile, extraction volume: 850µl, cut off ROI 2,0) were defined by the Utility Channel
Tool v3.0. Limit of detection (LOD), (2 fold dilutions of HEV Virus WHO standard, n=20 repetitions per dilution)
of the assay was determined using spiked HEV negative EDTA-Plasma (n=20).
Results
HEV Primer and probes did not significantly interfere with internal IC and IC assay (< 0,5 Ct, n=20). LOD was
6 IU/ml (hit rate analysis), while linear range determined in plasma was 24 IU/ml – up to 10^8 IU/ml. Correct
quantification of the different human relevant HEV genotypes was ascertained testing the assay with the WHO
HEV genotype panel (8578/13 version 2) containing 11 specimens genotypes (including GT1-4 and rabbit
HEV). In addition 8 ring samples (Instand ev.) were correctly quantified. Agreement with current DAkks
accredited LDT PCR assay was high with n=100 negative and n=50 correctly identified positive samples.
Interestingly the assay can also be used to detect HEV RNA in urine, semen and stool suspension (10% in
PBS) with similar linear ranges. Conclusion: The new quantitative HEV PCR assay showed excellent
sensitivity and specificity for the detection and quantification of HEV Virus RNA. The assay facilitates highthroughput screening and quantification needed to analyze large cohorts. The ability to quantify HEV RNA in
other matrix i.e. stool and urine will be useful for monitoring of HEV RNA kinetics in different compartments.
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Hepatitis D virus genotype 3 is known to cause severe hepatitis, while patients infected with HDV-1 can
develop a broad range of pathogenicity. So far, it is unknown whether sequence and protein diversity between
HDV GT 1 and GT 3 may allow coinfection and productive replication of both viruses at single cell level.
Aims
to investigate the kinetics of coinfection and superinfection of HDV-1 and HDV-3 in vivo both intrahepatically
and at single cell level using multiplex RNA in situ hybridization methods (ISH).
Methods
Human-liver chimeric mice stably infected with HBV were (A) co-infected with HDV-1 and HDV-3
simultaneously or (B) first infected with HDV-1 and after 9 weeks superinfected with HDV-3 or vice versa. All
mice were sacrificed 9 weeks after the last virus inoculation. Virological parameters were determined using
strain specific qRT-PCRs (serum and liver) and several probes were designed allowing to detect different viral
RNAs by ISH.
Results
By targeting different regions of the HDV RNAs, we could generate multiplex ISH assay allowing to visualize
anti-genomic, genomic and HDAg-mRNA at single cell level for genotype 1 and 3. In addition we could show
that probes could be combined allowing simultaneous and specific detection of anti-genomic RNA of genotype
1 and 3. Mice co-infected with HDV-1 and HDV-3 developed viremia for both genotypes. However, HDV-3 was
the dominant strain both in serum and liver. Interestingly, ISH revealed the lack of co-existence of HDV RNAs
(genomic and anti-genomic) from both strains at single cell level, suggesting the existence strong viral
interference. Step-wise infection experiments (B), where stably HBV/HDV-1 infected mice were superinfected
with HDV-3, showed that HDV-3 remained below detection in serum. Similarly, the dominance of the first virus
was also determined when HBV/HDV-3 infected mice were superinfected with HDV-1.
Conclusion
Multiplex RNA ISH is a powerful method to analyze liver tissue samples at single cell level. Although HDV-3
spread more efficiently and appeared dominant, co-infection of HDV-1 and HDV-3 in the same mouse could
be established. However, the lack of double infection events indicated that superinfection exclusion at single
cell level in vivo does exist, at least between HDV-1 and HDV-3. Such exclusion may hinder excessive
recombination of HDV by incoming viruses.
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Introduction
Tuberculosis is an infectious disease characterised by the formation of necrotic granuloma in the lung. For
successful TB treatment, the bacilli rich necrotic cores of granuloma must be reached, in sufficient
concentrations, by anti-TB drugs. The increasing prevalence of drug resistant TB however creates an
increasing need for novel TB drugs. Albeit, the development of novel TB drugs is impeded by the shortcomings
of current preclinical mouse models. In order to address this issue, a novel mouse model featuring IL-13overexpressing (IL13tg) mice, which closely resembles human TB pathology, was used in this study. A high
resolution MALDI imaging method and data analysis tool were developed to investigate drug distributions and
penetration into TB granuloma. Measurements were performed on γ-ray sterilised lung sections.
Methods
MS imaging was performed on a QExactive™ HF mass spectrometer (Thermo Fisher Scientific, Bremen),
coupled to an AP-SMALDI10 ion source (TransMIT GmbH, Gießen). Mass spectra were acquired with high
mass accuracy (< 1 ppm) and high mass resolution (R=240,000 @m/z 200, FWHM). Measurements were
acquired with step sizes between 10 and 40 µm. A novel, Matlab based data analysis tool was used to visualise
the penetration of drugs into TB granuloma.
Results
A high-resolution MALDI imaging workflow was developed to study the distribution of anti-TB drugs. Using this
workflow, the TB drugs Ethambutol, Clofazimine and Rifampicin were imaged in mouse lung tissue.
Measurements performed with a step size of 10 µm show an excellent correlation between drug distributions
and histological features. This method was applied to TB-infected lung tissue of a novel IL13tg mouse model.
A sample preparation protocol, including the γ-ray sterilisation of mouse lung sections was established in a
BSL3 environment in order to enable MALDI imaging of lung sections in a regular laboratory without any BSL
status. Measurements of irradiated and non-irradiated tissue reveal that γ-ray sterilisation has no discernible
effect on drug and lipid distributions. The penetration of Pyrazinamide and Clofazimine into granuloma was
investigated using a novel data analysis tool. PZA was detected inside and outside of TB granuloma. CFZ is
detected outside of TB granuloma with steep concentration gradient towards the granuloma core. These
findings are in accordance with results from human studies, thus confirming the suitability of the IL-13tg mouse
model for use in pre-clinical drug trials.
Conclusion
Gamma ray sterilisation and MS imaging of TB-infected mouse model tissue resolving the distribution of
several TB antibiotics and lipid species in TB granuloma. Excellent correlation of drug distributions and
histological features. Novel MS imaging based approach to investigate the penetration of TB antibiotics into
granuloma.
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Introduction
Hospital acquired infections and medical errors belong to the leading causes of in-hospital death. Thus,
infection prevention and speaking-up have to be core competencies of medical professionals. Unfortunately,
feedback is rarely accepted when risk culture interferes with hierarchical barriers. For antimicrobial stewardship
and hand hygiene this is well known. So far, there is little information regarding the implementation of a
constructive risk culture concerning infection control (IC) in medical education. Aim of this project was to
evaluate self-assessments and experiences of medical students focusing on the risk culture of IC.
Methods
In 2019, we assessed 1055 medical students from 12 universities (Germany, Austria and Switzerland) for their
attitudes and knowledge in infection control strategies and professional feedback. We developed and tested a
cross-sectional 36-item 5-point Likert scale questionnaire tested for validity and reliability (Cronbach’s Alpha
0.89). Statistics were accomplished using non-parametric tests adjusted for multiple testing, effect size
calculations according to Lakens and qualitative analysis of text according to Bradley.
Results
Participants rated their own competence in hand hygiene and feedback to be better than those of fellow
students, nurses and physicians (p< 0.0001 each, Cohen’s d >0.6). More than 30% of participants failed in an
in-survey test. More than 50% of the participants rated that an omitted hand disinfection may be critical or
lethal for a patient. Findings were independent from gender, age, education level and place of study (p>0.05).
Additionally, participants reported an overall reduced adherence to speak up in case of witnessed mistakes.
For physicians, especially supervisors, students reported to avoid speaking up. Hierarchical barriers, limited
infection prevention strategies, ethical issues on speaking up and insufficiency of role models in hygiene were
main themes of the qualitative evaluation.
Discussion
Participants showed to be overconfident in IC and feedback skills, but on the contrary reported to avoid to
speak up, especially if supervisors fail to adhere to established standards. Overconfidence (a robust
psychological error) is difficult to overcome and leads to an intrinsic resistance towards feedback. In our study,
the effect occurs early making it difficult for medical teachers to compensate for it. Additional, our results show
deficits in medical risk culture, even 20 years after the groundbreaking publication of “to err is human”, the
base of medical risk management.
These findings may imply the need for further work on risk management in other aspects (e.g. medication
safety) of patient safety and reorganization of medical curricula to establish a positive, respectful and
constructive culture of risk to reduce human error in infection control and other active patient safety issues.
226

Other Topics
P165
Current Use of Baseline Chest Computed Tomography in Hematology Patients at
High-Risk for Invasive Pulmonary Aspergillosis
J. Stemler1, 2, 3, C. Bruns1, 2, 3, S. C. Mellinghoff1, 2, 3, P. Köhler1, 2, O. A. Cornely1, 2, 3, 4
1

University Hospital of Cologne, Department I of Internal Medicine, Cologne, Germany, 2Cologne Excellence
Cluster on Cellular Stress Responses in Aging-Associated Diseases (CECAD), Cologne, Germany, 3German
Centre for Infection Research, Partner Site Bonn-Cologne, Cologne, Germany, 4Clinical Trials Centre Cologne,
Cologne, Germany
Background
Baseline chest computed tomography (BCT) in high-risk hematology patients appears to allow early diagnosis
of invasive pulmonary aspergillosis (IPA) since recent studies found CT abnormalities close to admission in
36% and 31% of patients, respectively. [1, 2] It is unknown how widely BCT has been implemented in
hematology units.
Objective
We aimed to assess the current use of BCT as standard-of-care in hematology centers throughout the world
and standards of chest imaging for detection of IPA in this high-risk population.
Methods
A web-based questionnaire was designed and made accessible via www.clinicalsurveys.net. Estimated
numbers of annually treated high-risk hematology patients, chest imaging indications, timepoints and
techniques, estimated rates of IPA, and follow up imaging were assessed. If BCT was performed, estimated
rates of findings suspicious for IPA were to be provided.
Results
Members of international scientific societies were invited to respond. Out of 135 participants, 86 (64%) from
40 countries who entered data answered to all questions. Specialties were infectious diseases (n=67; 50%),
hematology (n=64; 47%), microbiology (n=10; 7%), intensive care (n=9; 7%), oncology (n=6; 4%) and
pediatrics (n=4; 3%). Annual patient numbers were 5,254 acute myelogenous leukemia (3,537 de novo, 1,717
relapsed), 2,519 acute lymphatic leukemia (1,721 de novo, 798 relapsed), and 5,144 allogeneic stem cell
transplantation. At first fever, chest X-ray was performed in 50%, while 20% performed CT. CT was mostly
done for persistent fever (89%) and signs of pneumonia (76%). At admission/diagnosis of malignancy, 51
(57%) centers indicated to perform BCT. This was more frequently done in leukemia relapse (n=33, 37%)
compared to de novo (n=30, 33%). German, Austrian and Swiss centers (DACH region) performed BCT in
61% (n=17), whereas centers in Non-DACH countries did so in 52% (n=32). In 36% of participating centers
CT scan was predominantly low dose. Mean IPA rates did not differ between centers that performed BCT and
those who don’t, 10% and 11% respectively.
Conclusion
It is possible to perform health services research worldwide via web-based questionnaires. Baseline chest CT
at admission/diagnosis for high-risk patients evolved into a standard of care in hematology units all over the
world.
References
Ceesay, M.M., et al., Pre-symptomatic (Baseline) computed tomography predicts invasive pulmonary
aspergillosis in high-risk adult haemato-oncology patients. Br J Haematol, 2018. 182(5): p. 723-727.
Bitterman, R., et al., Baseline Chest Computed Tomography for Early Diagnosis of Invasive Pulmonary
Aspergillosis in Hemato-oncological Patients- a Prospective Cohort Study. Clin Infect Dis, 2019.
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According to the WHO, a total of 10.0 million people developed tuberulosis (TB) in 2017. Because of the
increased portion of multidrug resistant TB worldwide, treatment regimens become more complicated and last
prolonged time periods, up to 24 months. There is an urgent need to develop a biochemical marker for
longitudinal treatment monitoring in combination with pharmacokinetics- (PK)/ pharmacodynamics (PD)
analysis.
For this reason, we studied in a murine infection model how pathogen burden and antibiotic treatment influence
the lung lipidome. Animal models reflecting human pulmonary pathology such as IL-13-overexpressing (tg)
mice are of particular importance for analysis of lipid composition during Mycobacterium tuberculosis (Mtb)
infection and to improve preclinical validation of novel drug candidates. Lipids of organs from Mtb-infected IL13tg mice were extracted by the MTBE protocol at different time points during antibiotic treatment. Shotgun
lipidomics was performed with nanoESI-MS/MS using a Q Excative Plus coupled with Triversa Nanomate.
Furthermore, with our established HPLC-MS2-based multi-analyte assay we monitored the anti-TB drug
concentration in murine lung homogenates and lung cryosections. Drug monitoring was performed on an 1100
HPLC system utilizing a Milipore SeQuant ZIC-HILIC column which was coupled with a Quattro Premier XE
triple quadrupole MS applying electro spray ionization.
We here provide first results for integrating data from shotgun lipidomics and drug monitoring in a murine
infection model. Thereby, shotgun lipidomics analysis indicates that mycobacterial glycerophospholipids,
specifically tuberculostearic acid containing phosphatidylinositol PI (16:0/19:0) provides enough specificity and
sensitivity to determine the Mtb burden.
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Acute infections of the lower respiratory tract like community-acquired pneumonia (CAP) and acute
exacerbations of chronic obstructive pulmonary disease (AECOPD) constitute the third most frequent cause
of death worldwide. Urgent medical needs are early diagnosis and differential diagnosis as well as profound
pathophysiological insights. Chronic obstructive pulmonary disease (COPD) is a poorly reversible condition
characterized by airflow limitation and decrease of lung function. Community acquired pneumonia (CAP) is
clinically defined by a sudden onset of severe illness that is accompanied by signs of lower respiratory tract
infection, fever, cough and dyspnoea. We investigated the PBMC RNA profile of 5 healthy donors, 6
pneumonia patients and 6 COPD patients with acute exacerbations. Long non-coding RNAs (lncRNAs) and
long non-coding intergenic RNAs (lincRNAs) are a newly emerging class of regulatory RNAs in the cell that
can be involved in a multitude of processes e.g. epigenetic regulation and transcriptional regulation. In this
regard, they are potential regulators of gene expression. From a total of 540 differentially expressed lnc and
lincRNAs between CAP, AECOPD and healthy donors, we investigated which coding transcript expression
patterns correlate with the expression of a given lnc- or lincRNA across all three conditions. We found RNAs
that were down-regulated with disease, such as LOC100996286. The pool of transcript that correlated strongly
with LOC100996286 included e.g. LRRC14 and TRAF5, and showed a strong pathway enrichment with GO
terms T cell activation (p=3.03*10^-12), T cell differentiation (p=2.46*10^-11) and lymphocyte differentiation
(p=4.92*10^-12). Up-regulated non-coding RNAs included ENSG00000237326, which strongly correlated with
genes such as ANKRD33 and CEP104. The GO term that was most strongly enriched among the genes
correlating with ENSG00000237326 was myeloid cell homeostasis (p=1.31*10^-6). Correlation of coding and
non-coding RNAs might indicate co-regulation, which might yield to the establishment of interdependent
biomarker networks.
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Malaria is a parasite-driven transmissible disease that affects predominantly children in rural Africa. The
causative parasite is the protozoan Plasmodium Falciparum, which relies on the Anopheles mosquito and a
human host during different stages of its life cycle. In humans, it infects red blood cells, leading to changes in
blood flow and disturbance of tissue perfusion. Pathogenicity also involves poorly understood mechanisms
such as haemolysis of uninfected erythrocytes. The immune system mounts a pro-inflammatory response,
which might revolve around TNFa, IFNg and NO. To shed light on the inflammatory response in the blood, we
investigated the PBMC RNA profile of 5 healthy donors and 6 malaria patients. Long non-coding RNAs
(lncRNAs) and long non-coding intergenic RNAs (lincRNAs) are a newly emerging class of regulatory RNAs
in the cell that can be involved in a multitude of processes e.g. epigenetic regulation and transcriptional
regulation. In this regard, they are potential regulators of gene expression. From a total of 540 differentially
expressed lnc and lincRNAs between malaria and healthy donors, we investigated which coding transcript
expression patterns correlate with the expression of a given lnc- or lincRNA in healthy and disease. We found
RNAs that were down-regulated with disease, such as SNHG1. The pool of transcript that correlated strongly
with SNHG1 included e.g. TSPYL4 and MOAP1, and showed a strong pathway enrichment with GO terms of
metabolic processes. Up-regulated non-coding RNAs included linc00467, which strongly correlated with genes
such as ALG1 and GLA. The GO term that was most strongly enriched among the genes correlating with
linc00467 was extracellular exosomes (p=1.25*10^-7). Correlation of coding and non-coding RNAs might
indicate co-regulation, which might yield to the establishment of interdependent biomarker networks.
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