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Antibiotic Resistance i1s now a global threat

Do recoveries die, or are they killed?
Th e Pinstriped greens take on Big Ol

EC()n()miSt Boss of the UN: worst job in the world

Win or lose, dark days for Cameron

How gangs suck El Salvador dry

When the drugs don't work

The rise of antibiotic resistance

E. faecium

S. aureus — Methicillin

K. pneumoniae — 3" gen cephalosporins, carbapenems
A. Baumann — Multidrug resistant (MDR) (XDR)
P. aeruginosa

Enterobacter species - (MDR)

S. pneumoniae — Penicillin

Salmonella — Fluoroquinoles

Shigella — Fluoroquinoles

N. gonorrhea — 3" gen. cephalosporins

E. coli — 3 gen. cephalosporins, fluoroquinolines

ESKAPE are the leading causes of hospital acquired
infections throughout the world

We need to develop novel antibiotics and alternatives to conventional antibiotics

@ Swiss Re

XDR typhoid in
Pakistan carries added
resistance genes

OTIC RESISTANCE THREATS
inthe United States, 2013
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Antimicrobial Resistance

Tackling a crisis for the health and wealth of nations { i ﬁ BUGS
Chaired by Jim O’'Neill, December 2014 1 R s
BACTERIA
Deaths attributed to AMR every year AMR’s impact on World GDP
compared to other major causes of death in trillions of USD

AMR in 2050
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TheActuary

The magazine of the Institute & Faculty of Actuaries

Burden of AMR on antibiotic prophylaxis for
surgery and cancer chemotherapy
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P&C Claims due to AMR —a costing topic, but not an accumulation issue
Ballad of 7yphoid Mary in the era of Next Generation Sequencing (NGS)

Ve

1. Health Technology Hazard - Endoscopy- 3. Contamination of live-stock

associated deadly infections with resistant
bacteria

-

5. Business Interruption ICU,

4. Medical Malpractice }
Hospital Ward }

2. Foodborne-disease outbreaks
[0 - s e e st =

Justice Department investigates Blue Bell
Creameries over listeria response
el 0000

PulseNet USA

www.cdc.gov/pulsenet)
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Discussed Drivers of AMR

4 Suboptimal rapid diagnostics Human antibiotic misuse or overuse

Suboptimal dosing
High
Animal antimicrobial misuse or overuse

Health-care transmission

Moderate

Environmental contamination

Suboptimal vaccination

for antimicrobial resistance

Relative contribution of factor as a driver

Travel
Low O
Mass drug administration for human health S e
e
I . l i
Low Moderate High

Evidence that factor is contributing to antimicrobial resistance

® Swiss Re Lancet 2016; 387: 176-87 AMR 5 Sept 2018 6



More Abx use = more resistance
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QOutpatient use of penicillins (J01C) in 2000 (DID)

Goossens H. et al. Outpatient antibiotic use in Europe and association with
resistance: a cross-national database study. Lancet 2005; 365: 579-87
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lg hosts infected I hosts infected with
with sensitive strain resistant strain

Antibiotic resistant and sensitive strains compete
for available hosts—we would therefore expect the
fitter strain to dominate. Instead, we observe
stable coexistence of both strains.

=3 HARVARD
% TH.CHAN

SCHOOL OF PUBLIC HEALTH

Marc Lipsitch

Professor of Epidemiology

Lehtinen et al. Proc Natl Acad Sci U S A.
2017 Jan 31;114(5):1075-1080
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Average Treatment Costs, Per Case (2014 dollars)
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The Outsized Financial Toll of

MDR and XDRTB
Cost increases with greater resistance:
$700,000 ~
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Productivity loss during treatment, []
including deaths
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©CDC, TB fact sheet, 2015
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PANDEMIC EMERGENCY
FINANCING FACILITY

US Secretary of State Hillary Rodham Clinton, Dartmouth College President Jim Yong

Kim, and US Secretary of the Treasury Timothy F. Geithner listen while US President
Barack Obama speaks in the Rose Garden of the White House on March 23, 2012 in
Washington, DC. President Obama announced his nomination of Kim to succeed
Robert Zoellick as President of the World Bank.

THE WORLD BANK
@ Swiss Re Munich RE

@ SAR

WHO

Various

* Crimean-Congo Fever
 Rift Valley
* Lassa Fever

Influenza Filovirus Coronavirus
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Over the last 30 years, no major new types of antibiotics have been developed

1910 1920 1930 1940 1950 1960 1970 1980
J.||||||I|||||||||I||.|||L||I|||||||J.|J.J.,|,.l3.1“43 ol .;‘; e
Penicillin Cephal;:sporin Carbapenen‘i i:luorcquinalones
Year of Approval
or Introduction

Class Antibiotic to Market
B-Lactams Penicillin 1942

Methicillin 1960

Cephalothin 1964

Amoxicillin-clavulanic acid 1984
Carbapenems Imipenem-cilastatin 1985
Amphenicols Chloramphenicol 1950
Tetracyclines Tetracycline 1953
Aminoglycosides Streptomycin 1946
Macrolides Erythromycin 1952
Glycopeptides Vancomycin 1958
Quinolones Nalidixic acid 1964
Streptogramins Quinupristin-dalfopristin 1999
Oxazolidinones Linezolid 2000
Lipopeptides Daptomycin 2003
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1990

Years From Approval or Introduction to
Market to First Clinical Report of Resistance
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Teixog (engl. «the wall»)

LETTERS

nature
microbiology

hitps//doi.org./10.1038/541564-018-01101
OPEN
Culture-independent discovery of the malacidins as
calcium-dependent antibiotics with activity against
multidrug-resistant Gram-positive pathogens

LETTER

d0i:10.1038/nature26157

A new class of synthetic retinoid antibiotics
effective against bacterial persisters

Wooseong Kim!, Wenpeng Zhu?, Gabriel Lambert Hendricks', Daria Van Tyne™4, Andrew D. Steele®¢, Colleen E. Keohane®*,
Nico Fricke?, Annie L. Conery”*%, Steven Shen', Wen Pan', Kiho Lee', Rajmohan Rajamuthiah’, Beth Burgwyn Fuchs',
Petia M. Vlahovska®, William M. Wuest™®, Michael S. Gilmore™*, Huajian Gao?, Frederick M. Ausubel’* & Eleftherios Mylonakis'
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Strategies to find natural products with antimicrobial properties

Metagenomics
Culture-independent

discovery O O
o O

Culture-dependent
discovery 5

Enrichement and eDNA extraction

* Microorganisms largest proportion of biomass on Earth,
* inhabiting variety of ecosystems, including hot springs, salt brines, acid mine waters at

pH near zero, Antarctic ices

- * Environmental DNA (eDNA) analysis of microbial communities estimates that only 0.1%
2 ‘/ to 1% of these prokaryotes are culturable

4 _» Most abundant
Alexander Fleming Selman A. Waksman - -
Microbial | » Marker genes

Next generation soil people ecology- -
iChip (i=isolation) is a new trick for culture ol A

StuGl I Metagenomic data # features

D » Statistically

Kim Lewis & s.epstein@northeastern.edu with iChip

@ SwissRe JAMA. 2016;316(11):1193-1204 doir10.1038/nrd.2018.36 AMR 5 Sept 2018 10
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Valuation iChip Lysins Lysins
Gram+ Gram-
Company Novobiotic ContraFect Bioharmony
NASDAQ: CFRX Therpeutics Inc
Pipeline Teixobactin CF-301 (exebacase) Gram-negative lysins

Gram-negative lysins For Burns
Source & Strategy Recombinant bacteriophage-derived lysin
Mechanism of

action

Eleftheria terrae (Gram-neg) iCHIP
Inhibits cell wall growth lysis

Methocillin resistant strains
Biofilm Pseudomonas aeruginosa
Gram pos Gram neg

Tuberculosis
Bacteria Class MRSA
Vancomycin-res. Enterococci VRE

Development Clinical Phase Il, multi-center

Stage Praeclinic study
: . Private Company, Stock Company :
Flnancmg Grants (NIH) & Foundation (Gates) FTVEID CDTIREm
Chief | |
scientific Kim Lewis, Ph.D., Co-founder Vincent A. Fischetti, Ph.D.  Vincent A. Fischetti, Ph.D.
] Slava Epstein, Ph.D., Co-founder Scientific Advisory Board Scientific Advisory Board
advisory

@ Swiss Re

NEXT-GEN ANTIMICROBIAL THERAPIES
FOR LETHAL DRUG-RESISTANT

BACTERIAL INFECTIONS

BORIS BOGDAN
RALPH VILLIGER

Valuation_
in Life Sciences

 Guide

With a Foreword by Steve Burrill

Q Springer

Boris Bogdan and Ralph Villiger
ISBN-13: 978-3642108198

AMR 5 Sept 2018 11



New Arrival
Lysins: Pathogen-directed anti-infectives

? Bactenophage Progeny phage A aN A
MJ N S
>

Bacterium

- W

Lysin

Bacteriophage infect ~ Phage replicate ~ Phage-encoded lysin  Bacterial cell
bacterial cell is produced Iyses

Cell wall
targeting domain

Catalytic domain CWT domain
I S. epidermidis autolysin amidase H Lysostaphin-CWT |

S. aureus Twort endopeptidase Lysostaphin-CWT

S. aureus Twort endopeptidase

@ SwissRe Journal of Medical Microbiology (2013), 62, 15606-1516

THE ROCKEFELLER UNIVERSITY

Our Heads of Laboratories
Scientists

Vineent A. Fischetti, Ph.D.

PROFESSOR

'GENETICS AND GENOMICS | IMMUNOLOGY, VIROLOGY, AND MICROBIOLOGY |
'MECHANISMS OF HUMAN DISEASE

Investigates bacterial infectious disease and the use of; phage enzymes
and their derivatives to block infection.

LABORATORY OF BACTERIAL PATHOGENESIS AND IMMUNOLOGY —>

Biofilm assay (S aureus)

Daptomycin ~ Vancomycin Lysin Linezolid
(1000xMIC)  (1000xMIC) (1xMIC) (1000xMIC)
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Kathy Kroll
ZHAW

Michael Altorfer
Swiss Biotech Association

Marie Petit
Biotech companies in EU combating AMR

Peter Beyer
WHO

Christoph Spennemann
UN Conference on Trade and Development

Universitaire
Cenéve

U Hépitaux % Stephan Harbarth
HUG

AMR Expert Forum 2018

g:’g{.‘é%ﬁ . POLYPHOR

AABEAM

'@“L., Alliance

Jennifer Rohn
University College London

Academia

@ Swiss Re

Life & Health Yommy Chiu
Richard Francis
Manuel Villegas Caballero

Urs Widmer
@ Swiss Re
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Drivers of antimicrobial resistance

1. Global trends in antimicrobial use in food animals
2. Use of Antibiotics in Livestock and Human Health Concerns
3. Identifying the drivers of antimicrobial resistance

Thomas van Boeckel
Cedric Mintener
Roger Kouyos

WS 1a - AMR surveillance strategies —
Magnitude of global threat and expected
mortality or liability claims (Repeat 1x)

WS 2a - Using antibiotics wisely in a One
Health world — how can insurance
incentivize? (Repeat 1x)

WS 3a - Modelling AMR, what is a
reinsurer's mortality exposure?
(Repeat 1x)

Preventing the "Post-Antibiotic Apocalypse”

Strategies to battle AMR - New funding mechanisms and paradigm shifts
Case study: Murepavadin is a new antibiotic class in the pipeline

How to reinvigorate the current R&D pipeline

Fostering investment in AMR innovation

Marie Petit

Michael Altorfer

Peter Beyer

Christoph Spennemann

i BN =

WS 4: Cost Sharing in Insurance Coverage
for antibiotic-resistant infections, an
example of Precision Medicine

WS b: Alternative business model options
for antibiotics development — ideas from
insurers?

WS 6: Scientific innovation in antibiotic
drug discovery - Examples of new
platforms and novel compounds

Panel Discussion
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Institute

Agenda

13.20 Welcome and introduction
Urs Widmer, Medical Officer, Swiss Re

13.30 Global trends in antimicrobial use in food animal
Thomas van Boeckel, Theoretical Biology, ETH Zurich

13.45  Use of Antibiotics in Livestock and Human Health Concerns
Cedric Muntener, Institute of Veterinary Pharmacology and Toxicology,
University of Zurich

14.00 Identifying the drivers of antimicrobial resistan

ce
Roger Kouyos, Department of Infectious Diseases, University of Zurich
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CK and mumar

Cedric Muntener, Institute of Veterinary Pharmacology and To
University of Zurich
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1415 Workshop Series |

Session 1: Forum B

AMR surveillance strategies — Magnitude of global threat
and expected mortality or liability claims

Experts: Stephan Harbarth, Jennifer Rohn
Moderators: Jurg A. Schmid, Urs Widmer

Session 2: Library

Using antibiotics wisely in a One Health world — how can
insurance incentivize?

Experts: Thomas van Boeckel, Cedric MUntener
Moderators: Ramiro Dip

Session 3: Seminar Room 4
Modelling AMR, what is a reinsurer's mortality exposure?

Experts: Roger Kouyos
Moderators: Yommy Chiu, Manuel Villegas Caballero
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1515 Coffe break

15.30 Strategies to battle AMR - New funding mechanisms and paradigm
shifts
Marie Petit, BEAM Alliance

15.40 Case study: Murepavadin is a new antibiotic class in the pipeline to
treat resistant Pseudomonas infections
Michael Altorfer, CEO Swiss Biotech Association

15.50 How to reinvigorate the current R&D pipeline
Peter Beyer, Senior Advisor, World Health Organization (WWHO)

16.00 Fostering investment in AMR innovation

Christoph Spennemann, Intellectual Property Unit, Division on Investment &
Enterprise, UNCTAD, Geneva
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Case study: Murepavadin new antiplotic clas
in the pipeline to treat resistant Pseudomonas

infections

Michael Altorfer, CEO Swiss Biotech
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Fostering investment in AMR innovatior
Christoph Spennemann, Intellectual Property Unit, Divi

| P
Investment & Enterprise, UNC FAF,Ge neva




@ Swiss Re

Institute

16.10  Workshop Series Il

Session 4.:
Cost Sharing in Insurance Coverage for antibiotic-resistant
infections, an example of Precision Medicine

Experts: Michael Altorfer, Peter Beyer
Moderators: Yommy Chiu

Session 5:
Alternative business model options for antibiotics
development — ideas from insurers?

Expert: Christoph Spennemann, Marie Petit
Moderators: Bernd Wilke

Session 6:
Scientific innovation in antibiotic drug discovery —
Examples of new platforms and novel compounds

Expert: Jennifer Rohn, Stephan Harbarth
Moderators: Ramiro Dip, Urs Widmer

Library

Seminar Room 4

Forum B
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16.40

1715

Panel Discussion and Closing remark
Ramiro Dip and Urs Widmer

Pannelists:

End of Workshop

Michael Altorfer, CEO Swiss Biotech Association

Thomas van Boeckel, Theoretical Biology, ETH Zurich

Roger Kouyos, Department of Infectious Diseases, University of Zurich
Cedric Muntener, Institute of Veterinary Pharmacology and Toxicology,
University of Zurich

Marie Petit, BEAM Alliance
Christoph Spennemann, Intellectual Property Unit, Division on
Investment & Enterprise, UNCTAD, Q{;neva

Peter Beyer, Senior Advisor, World Health Organization (VWWHO)



End of VWorkshop
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See you soon for the RISk lalks " at 1 /.45,
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Legal notice

©<year> Swiss Re. All rights reserved. You are not permitted to create any modifications
or derivative works of this presentation or to use it for commercial or other public purposes
without the prior written permission of Swiss Re.

The information and opinions contained in the presentation are provided as at the date of

the presentation and are subject to change without notice. Although the information used
was taken from reliable sources, Swiss Re does not accept any responsibility for the accuracy
or comprehensiveness of the details given. All liability for the accuracy and completeness
thereof or for any damage or loss resulting from the use of the information contained in this
presentation is expressly excluded. Under no circumstances shall Swiss Re or its Group
companies be liable for any financial or consequential loss relating to this presentation.
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Basic Copyright Notice & Disclaimer

©2018 This presentation is copyright protected. All rights reserved. You may download or print out a hard
copy for your private or internal use. You are not permitted to create any modifications or derivatives of
this presentation without the prior written permission of the copyright owner.

This presentation is for information purposes only and contains non-binding indications. Any opinions or
views expressed are of the author and do not necessarily represent those of Swiss Re. Swiss Re makes no
warranties or representations as to the accuracy, comprehensiveness, timeliness or suitability of this
presentation for a particular purpose. Anyone shall at its own risk interpret and employ this presentation
without relying on it in isolation. In no event will Swiss Re be liable for any loss or damages of any kind,
including any direct, indirect or consequential damages, arising out of or in connection with the use of
this presentation.



