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The rise of antibiotic resistance
Dr. Patrick Kolb, Fund Manager, Credit Suisse

“If you use penicillin, use enough”
Sir Alexander Fleming, Nobel Laureate’

On 28" September 1928 a piece of mould fortuitously contaminated a petri dish in Alexander Fleming's laboratory
at St Mary’s Hospital in Paddington, London. He discovered that it produced a substance that killed the bacteria
he was examining. After months of calling it "mould juice", he named later the substance penicillin (from the Latin
penicillus, “paintbrush,” in reference to the shape of the mould cell structures). Over the following decades
penicillin became a “wonder-drug,” curing millions of patients suffering from bacterial infections. Other compounds
with anti-bacterial, or “anti-biotic”, properties were later discovered and revolutionized healthcare, forming the
bedrock of many of the greatest medical advances of the last century. Many infectious diseases, such as
pneumonia and tuberculosis, which had often proved fatal, could now be treated effectively. The likelihood of a
small cut or injury proving fatal if infected was greatly reduced, and routine surgery and childbirth also became
much lower risk events. Together with Howard Florey and Ernst Boris Chain, Alexander Fleming received the
Nobel Prize in Physiology or Medicine for their work in the field of antibiotics in 1945.

During his Nobel lecture on 11" December 1945, Alexander Fleming sounded a warning: “There is the danger that
the ignorant man may easily underdose himself and by exposing his microbes to non-lethal quantities of the drug
make them resistant. Here is a hypothetical illustration. Mr. X. has a sore throat. He buys some penicillin and gives
himself, not enough to kill the streptococci but enough to educate them to resist penicillin. He then infects his wife.
Mrs. X gets pneumonia and is treated with penicillin. As the streptococci are now resistant to penicillin the
treatment fails. Mrs. X dies. [...] Moral: If you use penicillin, use enough.”

' Source: Fleming (1945): Penicillin, Nobel Lecture, Dec. 11th 1945, p. 11, URL:
https://www.nobelprize.org/nobel prizes/medicine/laureates/1945/fleming-lecture.pdf, 5.2.2017.
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There is no doubt that penicillin and other antibiotics are amongst the greatest inventions in the field of medical
science. Yet Fleming's warning has always haunted their success. Antibiotic resistance is today a costly and
dangerous problem. Some people fear there may be worse to come: a strain of resistant bacteria for which no
treatment is currently available might start an epidemic. In such a scenario, elective surgeries, such as a hip
replacement, bariatric surgery or colectomy, may come to be seen as unacceptably risky. Non-elective surgeries
would also become more dangerous and the risks of procedures which suppress the immune system, such as
organ transplants and cancer chemotherapies, would increase.

What are the consequences of antibiotic resistance?

Antibiotic resistance is the ability of a microbe to resist the effects of medication previously used to treat them.
Resistance arises in one of three ways: (1) Natural resistance in certain types of bacteria, (2) Genetic mutation, or
(3) one species acquiring resistance from another. Resistance can appear spontaneously (e.g. random mutations),
but more commonly builds up gradually over time, and this may be caused by misuse of antibiotics. According to
the Center for Disease Control and Prevention, at least 2 million people in the US become infected with bacteria
resistant to antibiotics every year, and at least 23,000 people die as a direct result of these infections.? Already the
cost to the US healthcare system of dealing with infections resistant to one or more antibiotics is USD 20 billion a
year.® Worldwide the annual mortality rate from antibiotic resistance is more than 700,000 people and by 2050
this number could rise to 10 million.* Without global action, the implied economic cost of drug-resistant infections
would be at least USD 100 trillion and could cut the annual world’'s GDP by 2 - 3.6% by 2050. These figures
almost certainly underestimate the actual costs, because they are based on the direct costs of disease and on
deaths caused by the most important drug-resistant pathogens, but the additional secondary health effects could
be just as large.®
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CDDEP (2015): The state of world's antibiotics, 2015.

Trends in antibiotic use
Between 2000 and 2010 total antibiotic consumption grew by more than 30%, from approximately 50 billion to 70
billion standard units (SU).” Penicillin and cephalosporins accounted for nearly 60% of total consumption in 2010,

2 Source: Centers for Disease Control and Prevention (2017): About Antimicrobial Resistance, Jan. 5th 2017, URL:
https://www.cdc.gov/drugresistance/index.html, 5.2.2017.

8 Source: Economist (2016): Antibiotic resistance: The grim prospect, in: The Economist, May 21st 2016.

4 Source: AMR Review (2014): Antimicrobial Resistance: Tackling a crisis for the health and wealth of nations, Dec. 2014, p. 5, URL:
https://amr-review.org/sites/default/files/ AMR % 20Review % 20Paper % 20-

%20Tackling % 20a%20crisis % 20for % 20the % 20health % 20and % 20wealth % 200f % 20nations 1.pdf, 5.2.2017.

5 Source: Financial Times (2014): Drug resistance to cost $100tn by 2050, study finds, in: The Financial Times, Dec. 14th 2014,

6 Source: CDDEP (2015): The state of the world’s antibiotics 2015, p. 8, URL: https://cddep.org/sites/default/files/swa 2015 final.pdf,
6.2.2017.

7 A standard unit is a measure of volume based broadly on the smallest identifiable dose given to a patient, dependent on the
pharmaceutical form (a pill, capsule, or ampoule).
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an increase of 41% from 2000. The countries consuming the most antibiotics overall in 2010 were India (13 billion
SU), China (10 billion SU) and the United States (7 billion SU). Figure 1 shows in this consumption on a “per
capita” basis: The United States led with 22 units per person (2010), compared with 11 units in India and 7 units
in China. Per capita consumption is generally higher in higher income countries, but the greatest increase in the
use of antibiotics between 2000 and 2010 was from the Emerging Markets, and consumption continues to rise.

In most countries, about 20% of antibiotics are used in hospitals and other healthcare facilities. 80% are used in
the community, either prescribed by healthcare providers or purchased directly by consumers without prescription.
Perhaps half of all use is inappropriate and avoidable. The use against mild coughs and the common cold is
typically ineffective, but it adds to the growing global resistance to antibiotics.®

The Centre for Disease Dynamics, Economics & Policy (CDDEP), a think-tank, developed a drug resistance index
(shown in Figure 2). The index aggregates information about antibiotic resistance and antibiotic use into a single
composite measure that quantifies the decay of antibiotic effectiveness over time. The index runs from zero,
meaning that antibiotics are fully effective, to 100, which means pathogens are fully resistant. In 27, mostly
European, countries CDDEP calculated the index between the years 2000 and 2014. It shows that the
effectiveness of antibiotics has declined in 22 of these 27 countries. Only Germany and Sweden actually buck the
trend and improve. In India, the poorest country in the group, the index suggests that antibiotics used to treat most
bacterial infections now fail to work.
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Fig. 2: Effectiveness of antibiotics in selected countries*
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Source: The Economist (2016): The rise of drug resistance, in: The Economist, Sept. 23rd 2016.

The prevalence of sepsis is another indication that global antibiotic resistance is on the rise. The number of cases
of sepsis rose from 621,000 to 1,141,000 between the years 2000 and 2008, and number of patients who died
from sepsis also rose from 154,000 to 207,000. One reason for this is the emergence of “MRSA” (methicillin-
resistant staphylococcus aureus), a bacteria which is no longer susceptible to methicilin (a descendent of
penicillin).®

What can be done against antibiotic resistance?
To stop the global rise of drug-resistant infections, there is a supply and demand problem that needs to be solved.
According to the Review of Antimicrobial Resistance, the following steps should be taken (summarized):™
1. Reduce unnecessary use of antimicrobials in agriculture: There are circumstances where antibiotics are
required in agriculture and aquaculture, such as to maintain animal welfare as well as food security.

8 Source: CDDEP (2015): The state of the world’s antibiotics 2015, p. 10, URL: https://cddep.org/sites/default/files/swa 2015 final.pdf,
6.2.2017.

9 Source: The Economist (2016): Antibiotic resistance: The grim prospect, in: The Economist, May 21t 2016.

19 Source: The Review on Antimicrobial Resistance (2016): Tackling drug-resistant infections globally: Final report and recommendations,
May 2016, p. 6.
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However, much of their global use is not for treating sick animals, but rather to prevent infections or simply
to promote growth.

2. Improve global surveillance of drug resistance and antimicrobial consumption in humans and animals:
Surveillance is one of the cornerstones of infectious disease management, which has been until recently
often ignored. Learning the lessons from Ebola outbreak in West Africa back in 2015, countries have
started to increase funding in this area recently, in particular in the US and in the UK.

3. Promote new, rapid diagnostic instruments to cut unnecessary use of antibiotics: Rapid diagnostics could
transform the way we use antimicrobials in humans and animals. Reducing unnecessary use of antibiotics
could slow the development of its resistance. If practicians could analyse whether an infection was viral or
bacterial, they would no longer be tempted to automatically prescribe antibiotics. If they knew which
antibiotics would eradicate an infection, they would avoid prescribing a drug that suffers from partial
resistance, and thereby limit the further selection of resistant strains.

4. Promote the development of vaccines: Vaccines can prevent infections and therefore lower the demand for
therapeutic treatments, reducing use of antimicrobials and therefore slowing the rise of drug resistance.

5. Better incentives to promote investment for new antibiotic drugs: Currently the commercial return for
developing antibiotics looks unattractive: The total market for antibiotics is about USD 40 billion of sales
per annum. But only around USD 4.7 billion of this amount is from sales of patented antibiotics (that is
about the same number the as yearly sales for one top-selling cancer drug). So it is not surprising that
companies are not investing in antibiotics despite the very high medical needs. New commercial models
are needed to encourage innovation.
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Conclusion

Demand for antibiotics is likely to continue to grow both from legitimate uses and inappropriate over usage. It is a
sad irony that while many people in the world continue to use antibiotics excessively, the same drugs are often not
available to people who would greatly benefit from them. For example, in 2013 pneumonia alone was responsible
for an estimated 935,000 deaths of children under the age of five worldwide. If effective antibiotic treatment had
been available to them, it is estimated that most of these children would not have died."’

While there are several solutions to stem the growth of antimicrobial resistance, the rising threat of antibiotic
resistance remains a very serious issue for our entire society. We believe that a number of leading companies in
the field of health diagnostics, genetic sequencing, big data analytics, as well as automated systems to monitor for
disease and epidemics, will invest in R&D to develop innovative new solutions and therapies to tackle this problem
and other long term issues which threaten the safety and security of humankind. Many of these solutions are likely
to be automated and therefore we also believe that this is another example of how the theme of security and safety
dovetails with the theme of robotics and automation. We believe we are in the early stage of a secular growth cycle
in the security and safety theme, and are confident that investments in these areas are likely to increase going
forward due to the long term structural drivers of demographics, digitalization and globalization. As a consequence
we are shareholders of leading companies in the investment themes of Security and Robotics.

For further information (such as current fund factsheet, performance or quarterly comments) please click here
(security & safety) or here (robotics).

CREDIT SUISSE AG
credit-suisse.com

Important Information

The information provided herein constitutes marketing material. It is not investment advice or otherwise based on a consideration of the personal
circumstances of the addressee nor is it the result of objective or independent research. The information provided herein is not legally binding and it does not
constitute an offer or invitation to enter into any type of financial transaction.

The information provided herein was produced by Credit Suisse Group AG and/or its affiliates (hereafter "CS") with the greatest of care and to the best of its
knowledge and belief.

" Liu et al. (2015): Global, regional, and national causes of child mortality in 2000-13, with projections to inform post-2015 priorities: An
updated systematic analysis, in: The Lancet, January 31t 2015, p. 430, URL: http://www.who.int/immunization/diseases/tetanus/L ancet-
2018-Global-child-mortality.pdf, 6.2.2017.
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The information and views expressed herein are those of CS at the time of writing and are subject to change at any time without notice. They are derived from
sources believed to be reliable.

CS provides no guarantee with regard to the content and completeness of the information and does not accept any liability for losses that might arise from
making use of the information. If nothing is indicated to the contrary, all figures are unaudited. The information provided herein is for the exclusive use of the
recipient.

Neither this information nor any copy thereof may be sent, taken into or distributed in the United States or to any U. S. person (within the meaning of
Regulation S under the US Securities Act of 1933, as amended).

It may not be reproduced, neither in part nor in full, without the written permission of CS.

Emerging market investments usually result in higher risks such as political, economic, credit, exchange rate, market liquidity, legal, settlement, market,
shareholder and creditor risks. Emerging markets are located in countries that possess one or more of the following characteristics: a certain degree of
political instability, relatively unpredictable financial markets and economic growth patterns, a financial market that is still at the development stage or a weak
economy.
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Copyright © 2017 Credit Suisse Group AG and/or its affiliates. All rights reserved.

Luxembourg

This document is distributed by CREDIT SUISSE (LUXEMBOURG) S.A. (“CSLux"), which is authorized as a credit institution in the Grand Duchy of
Luxembourg and under the prudential supervision of the Luxembourg supervisory authority of the financial sector, the Commission de Surveillance du Secteur
Financier (CSSF), 110, route d'Arlon, L-2991 and part of the Credit Suisse group. This document has been prepared by CS AG and not by CSLux.

CSLux was not involved in the production of this document. CSLux provides no guarantee with regard to its content and completeness and does not accept
any liability for losses which might arise from making use of this information.

This document constitutes marketing material. It does not constitute investment research. It has not been prepared in accordance with legal requirements
designed to promote the independence of investment research and it is not subject to any prohibition on dealing ahead of the dissemination of investment
research.

This document is intended only to provide general and preliminary information and shall not be construed as the basis for any investment decision nor as an
offer or a solicitation to conclude a transaction in financial instruments or to subscribe to banking services. The liability of CSLux may not be engaged as
regards any investment, divestment or retention decision taken by an investor/recipient on the basis of this document. Each investor/recipient shall make
his/her own appraisal of the tax, legal, accounting and other financial merits and risks of his/her investment regardless of the opinion expressed in the
document. An investor must particularly ensure the suitability of his/her investment as regards his/her financial and fiscal situation, his knowledge and
experience in financial instruments and his/her investment objectives. The investor bears all the risks of losses in connection with his/her investment.

This document shall not be construed as a personal recommendation as regards the financial instruments/investment strategies mentioned in the material.
This document does not constitute an investment advice, it does not take into account the recipient’s economic situation, his/her current assets or liabilities,
his/her knowledge and experience in financial instruments and markets, his/her investment purposes, investment horizon, risk profile and preferences.

This document is addressed to the recipient on the basis of the recipient’s explicit request. This document is for the exclusive use of the recipient. Any use of
this information by the recipient is under the sole responsibility of the recipient. This document may not be reproduced or disseminated either in part or in full
without the written permission of CSLux. This document is not intended for persons who, due to their nationality or place of residence, are not permitted to
receive such information under local law. Neither this document nor any copy thereof may be sent, taken into or distributed in the United States or to any U.
S. person (within the meaning of Regulation S under the US Securities Act of 1933, as amended).

Copyright © 2017 CREDIT SUISSE (LUXEMBOURG) S.A., registered office: 5, rue Jean Monnet, L-2180 Luxembourg, Grand Duchy of Luxembourg,
R.C.S. Luxembourg n° B 11756. All rights reserved.

Liechtenstein
The document may only be distributed by licensed entities.

The shares offered are exclusively offered to a limited group of investors. This document may not be reproduced or used for any other purpose, nor be
fumnished to any other person other than those to whom copies have personally been sent. This material and the transactions described therein are not nor
have been subject to the review and supervision of the Liechtenstein Financial Market Authority. Copyright © 2017 Credit Suisse Group AG and/or its
affiliates and subsidiaries. All rights reserved.

Das Dokument darf nur von lizenzierten Rechtseinheiten verteilt werden. Es ist einer begrenzten Anlegergruppe vorbehalten. Es darf nicht zu anderen
Zwecken verwendet oder vervielfaltigt werden und ist ausschliesslich fir Personen bestimmt, denen das Dokument persénlich zugesendet wurde. Die
vorliegenden Unterlagen und die darin beschriebenen Transaktionen unterliegen nicht der Aufsicht und Uberpriifung durch die Finanzmarktaufsicht
Liechtenstein. Copyright © 2017 Credit Suisse Group AG und/oder mit ihr verbundene Unternehmen und Tochtergesellschaften. Alle Rechte vorbehalten.
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Performance indications do not consider commissions levied at subscription and/or redemption. Furthermore, no guarantee can be given that the performance
of the benchmark will be reached or outperformed. Financial instruments mentioned in this document could be considered complex products and therefore
may not be suitable for retail clients.

PERFORMANCE OBTAINED IN THE PAST DOES NOT CONSTITUTE ANY WARRANTY FOR FUTURE.

BEFORE THE SUBSCRIPTIONS READ THE PROSPECTUS.

CREDIT SUISSE (ITALY) S.P.A. - Via Santa Margherita, 3 - 20121 Milano - italy.csam@credit-suisse.com - www.credit-suisse.com/it
Spain

For institutional clients only

When distributed in Spain is distributed by CREDIT SUISSE (ITALY) S.P.A. - Via Santa Margherita, 3 - 20121 Milano - italy.csam@credit-suisse.com -
www.credit-suisse.com/it
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UK
For Qualified Investors/Institutional Clients Only.

When distributed from the United Kingdom, this is distributed by Credit Suisse Asset Management Limited which is authorized and regulated by the Financial
Conduct Authority.

France

This document can only be offered to professional clients and to eligible counterparties. This document is distributed by Credit Suisse (Luxembourg) S.A.,
Succursale en France

When distributed in France, this is distributed by Credit Suisse (Luxembourg) S.A., Succursale en France which is authorized and regulated by Autorité de
Controle Prudentiel et de Résolution (ACPR) and I' Autorité des Marchés Financiers (AMF).

Dubai

This presentation can only be offered to Professional Clients. This material is personal to each offeree and may only be used by those persons to whom it has
been handed out.

Sweden/Denmark/Norway/Netherlands

For Qualified Investors/Institutional Clients Only

Germany and Austria
Important Information

This document was produced by Credit Suisse AG and/or its affiliates (hereafter "CS") with the greatest of care and to the best of its knowledge and belief.
However, CS provides no guarantee with regard to its content and completeness and does not accept any liability for losses which might arise from making
use of this information. The opinions expressed in this document are those of CS at the time of writing and are subject to change at any time without notice. If
nothing is indicated to the contrary, all figures are unaudited.

This document is provided for information purposes only and is for the exclusive use of the recipient. It does not constitute an offer or a recommendation to
buy or sell financial instruments or banking services and does not release the recipient from exercising his/her own judgment. The recipient is in particular
recommended to check that the information provided is in line with his/her own circumstances with regard to any legal, regulatory, tax or other consequences,
if necessary with the help of a professional advisor.

This document may not be reproduced either in part or in full without the written permission of CS. This document applies exclusively to clients in Germany. It
is expressly not intended for persons who, due to their nationality or place of residence, are not permitted access to such information under local law. Neither
this document nor any copy thereof may be sent, taken into or distributed in the United States or to any U. S. person (within the meaning of Regulation S
under the US Securities Act of 1933, as amended).

Every investment involves risk, especially with regard to fluctuations in value and return. Investments in foreign currencies involve the additional risk that the
foreign currency might lose value against the investor's reference currency. Historical performance indications and financial market scenarios are no reliable
indicator for current or future performance. Furthermore, no guarantee can be given that the performance of the benchmark will be reached or outperformed.
In connection with these investment products, Credit Suisse AG and/or its affiliates may pay to third parties, or receive from third parties as part of their
compensation or otherwise, one-time or recurring inducements (e.g. sales charges, placement or holding fees). You may request further information from
your bank/relationship manager. Potential conflicts of interest cannot be excluded.

This document qualifies as marketing material that has been published for advertising purposes. It must not be read as independent research.

The investment funds mentioned in this document have been established under Luxembourg law as undertakings for collective investment in transferable
securities (UCITS) subject to EU Directive 2009/65/EC, as amended.

Credit Suisse Fund Services [Luxembourg] S.A., 5, rue Jean Monnet, 2180 Luxemburg is the Central Administration for the funds in Germany.
Credit Suisse (Deutschland) AG, Taunustor 1, D-60310 Frankfurt am Main is the Information Agent for the funds in Germany.

Subscriptions are only valid on the basis of the current sales prospectus, key investor information document and the most recent annual report (or half-yearly
report, if this is more recent). These and the funds management regulations and/or articles may be obtained free of charge from Credit Suisse (Deutschland)
AG, Taunustor 1, D-60310 Frankfurt am Main, Germany.

Copyright © 2017 Credit Suisse Group AG and/or its affiliates. All rights reserved.
CREDIT SUISSE (DEUTSCHLAND) Service-Line:

AKTIENGESELLSCHAFT Telefon: +49 (0) 69 7638 1111
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