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New strategies to combat bacterial and viral infections

Infectious diseases remain a leading cause of death worldwide. Modern proce-
dures including complex surgeries, cancer treatment and transplantation are as-
sociated with high risk of infections. Emerging resistance of pathogens are seri-
ous threats increasingly limiting the effectiveness of the antimicrobials in use today.
Our research group explores host- and pathogen-specific aspects of infectious
diseases in a strong translational setting — with the overarching goal to identify
new treatment strategies.

New treatment strategies for staphylococci

Health care associated/nosocomial infections — the fourth leading cause of dis-
ease in industrialized countries — are a major health issue. Together with Gram-
negative microorganisms, Staphylococcus aureus is one of the major causative
agents.

Staphylococcal strains are highly virulent and are increasingly becoming resis-
tant to every clinically available antibiotic. One particularly important unmet medi-
cal need for anti-S. aureus therapies is to treat biofilm-associated infections. Nov-
el approaches to combat staphylococcal biofilm infections are therefore urgently
needed. Together with our collaborators from the Department of Biosystems Sci-
ence and Engineering (D-BSSE, ETH Zirich) we demonstrated that engineered
designer cells containing a synthetic genetic circuit expressing lysostaphin under
the regulation of human Toll-like receptor (TLR) 2, TLR1, TLR6, and CD14 can ef-
fectively sense methicillin-resistant Staphylococcus aureus (MRSA) implant-as-
sociated infections by detection of blood reporter proteins and prevent as well
as cure infections in our tissue cage infection mouse model. This novel mamma-
lian cell-based anti-infective approach was superior to conventional antibiotics
(Fig.1/2). (www.cell.com/action /doSearch?searchType=quick&searchText=imm
unomimetic+cells&searchScope=fullSite& occurrences=all&code=cellsite&cont
entType=videod&startPage=).

Translation to clinics

Adoptive transfer of pathogen-specific donor-derived T cells is to date the most
promising and feasible immunotherapeutic strategy in transplant recipients restor-
ing the lacking T-cell function. Its potential as prophylactic or therapeutic treat-
ment for viral infections after transplantation has been demonstrated.

We have pioneered virus-specific T-cell therapies in Switzerland. In a phase I/l
study, in which we assess the feasibility of directly isolated virus-specific T cells
using the cytokine capture assay, we test their safety in patients with treatment-
refractory adenovirus, cytomegalovirus or Epstein-Barr virus infections after allo-
geneic hematopoietic cell transplantation (Clin Trials ID NCTO2007356). Current-
ly, ten patients of which five patients each received CMV or EBV virus- specific T
cells have been included. We are currently working on an improved cell expansion
protocol for clinical use (Fig. 2).

In December 2019, the University of Basel has received the grant to establish the
National Center of Competence (NCCR) in Research “AntiResist”, directed by the
Biozentrum. Together with researchers at the Biozentrum, and the D-BSSE we will
establish a unique interdisciplinary center for the development of new strategies in
the fight against antibiotic-resistant pathogens (https://nccr-antiresist.ch/).
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Fig.1: Curing acute MRSA infection in Mice. To evaluate Infectpro’s potential for the treatment
of acute MRSA foreign-body infections, infected mice were treated with microencapsulated
pYL25/pYL30/ pYL3-transgenic HEK293 cells (negative ctrl), HEKLys, Infectpro, recombinant
lysostaphin (LYS, 5 mg/kg, once), or vancomycin (VAN, 200 mg/kg, every 12 hr). After 3 days,
adherent MRSA in tissue cage biofilms of treated mice were evaluated.
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Fig. 2: Virus-specific T-cell therapies — current strategies. Virus-specific T cells for T-cell ther-
apy (derived from the original stem cell donor or from a matched third party donor) can be
obtained either by ex vivo expansion (top) or direct isolation via immunomagnetic sorting (bot-
tom). For ex vivo expansion peripheral blood mononuclear cells are stimulated with antigen in
the presence of cytokines for 10 days to several weeks to expand and enrich antigen-specific T
cells. Forimmunomagnetic sorting antigen-specific T cells are directly isolated from peripheral
blood by multimer technology or Cytokine capture assay (Miltenyi Biotech) within 1 to 2 days.
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