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Section 1: System analysis

According to the WHO Director-General, Dr Tedros Adhanom Ghebreyesus, “Anti-microbial
resistance (AMR) undermines modern medicine and puts millions of lives at risk” (WHO, 09
December 2022). The (GLASS Report, WHO 2022) document an increase of 15% in AMR

rates in the COVID era (2020) as compared to 2017.

Problem Statement

AMR is a global problem which is expected to cause 10 million deaths by 2050. It impacts
multiple industries (such as healthcare, agriculture, animal farming and the environment)
and multiple actors (such as doctors, patients, caregivers, farmers, poultry farmers, etc.).
With evidence linking high mortality and morbidity of infectious diseases AMR, there is a
need to rationalize antibiotics (antiBs) use globally.

According to (Murray et al., 2022), an estimated 4.95 million deaths in 2019 were associated
with bacterial AMR including 1.27 million deaths attributable to bacterial AMR. Globally,
189,000 YLLs (years of life lost) and 192,000 DALY s (disability-adjusted life years) were
reported. Developing and under-developed healthcare systems, such as South Asia and Sub-
Saharan Africa, reported a higher than average on these parameters. As per a UNEP

(Antimicrobial Resistance: A Global Threat, 2022) and Murray et al., AMR will lead to about

10 million deaths annually by 2050. Over the next 10 years, AMR can cost US$ 3.4 trillion of
Estimated Deaths due to Diseases

the global GDP and push

24 million more people

into extreme poverty.

The Guiding Star: With

this study, the author

intends to propose

Diarrhoea Road Accidents

Source: UNEP 2023, O’Neill 2016, Murray et al., 2022



interventions to restrict AMR-linked mortality to ~3 million per year by 2050 [Appendix C].
The near star is to create a multi-sectoral and regional collaboration to reduce antiB use by

at least 30% in the next 5 years.

Stakeholders, trends, underlying structures & causal loops

AMR is a problem for many industries and stakeholders.

Deep structure of AMR [Appendix A]: As resistance for first-line antibiotics (antiB)
develops, the use of broad-spectrum antiBs (carbapenems etc.) will grow and will lead to
multidrug resistance (MDR) infections and thereby, increased mortality and morbidity. In
2022, the CTAs (countries, territories, and areas) reported >8% of bloodstream infections
caused by carbapenem-resistant pathogens. WHO reported a global spread of carbapenemase-
producing Enterobacterales and high rates of carbapenem and aminoglycoside resistance in
Acinetobacter spp. (=56%). Other factors (healthcare coverage, accessibility, treatment costs,
awareness, etc.), actors (pharma, doctors, policymakers, farmers, etc.) and drivers (local and

global) also have a significant contribution to this pandemic [Appendix D, E and F].

At the ‘micro-level’ [Appendix D], lack of awareness, limited decision-making power, socio-
economic and literacy variance, and demand for cheaper products (drugs and food) lead to
limited power, moderate interest, and a high impact on driving AMR.

At the meso-level, power to influence and interest varies significantly. For instance, pharma
has high power but low interest largely due to expected ROI and difficulties associated with
developing new-generation antibiotics. On the contrary, providers have high interest but
moderate power. Many of the prescribers do not have access to stewardship programs and
diagnostic tools and must consider the cost of care to the patient before making a treatment
decision [R1, RS, B2 Appendix F]. Farmers and poultry owners have no interest and less

power and use antibiotics irrationally to ensure a cost-effective yield [R7, Appendix F].



However, interventions at the meso-level can yield a high impact on the incidence and
emergence of AMR since most of the stakeholders at this level have decision-making power.
Pharma has high power and low interest [Appendix D]:

Despite yielding high power and plausible impact, the unwillingness of pharmaceutical
companies to develop new-age antibiotics (Appendix D) is largely driven by the limited
perceived ROI of antiB development, emergence of other profitable therapeutic areas or TAs
(such as cancer) and extensive price controls exercised by many healthcare systems globally
(B1 Appendix F). According to the (WHO, 2022), a total of 46 of the 80 clinical development
projects evaluate traditional antibiotics and overall, only 49 clinical development projects
target priority pathogens. Despite the reduced effectiveness of current antiBs (Thomas &
Wessel, 2022), the investment and the interest of pharma have remained substantially low
(over the last 10 years, VC funding to antiB-focused firms was just $1.6 bn compared to
$26.5 bn to cancer drug developers) leading to a substantial drop in NCE pipeline (clinical
trial initiation for antiB NCE declined by 33% during 2016-2020 as compared to 2011-2015).
[Ref: Appendix E and F].

The downstream effect of inaction or limited interest of pharma in AMR has resulted in
limited NCE development for infections and thereby, increasing dependence on the currently
available antiB arsenal for which drug resistance has led to reduced efficacy. Further, since
most of the NCE antiBs (80% as per (Thomas & Wessel, 2022)) are being developed by
smaller companies, the sustenance of related trials may be challenged and the dependence on
public-funded support may grow.

Providers have high interest but moderate power [Appendix D]

Multiple actors misuse antiBs for different reasons, however, providers are central to the rise

of AMR. According to the CDC (CDC: 1 in 3 Antibiotic Prescriptions Unnecessary | CDC

Online Newsroom | CDC, 2016), at least 30% (~47 million) of the antibiotics prescribed in the



US may not be needed at all. Much of this overprescription/overuse of antiBs is driven by
either lack of knowledge and support (steward programs) to prescribing HCPs and/or
patient’s pursuit to recover quickly {Appendix E and F}. GPs have been the largest
prescribers of antiBs across healthcare systems, however, do not have access to relevant
diagnostic tools and related stewardship programs to manage drug-resistant infections.
Further, they have been reluctant to share information with other stakeholders. According to
(Zgliczynski et al., 2022), in a survey of 504 medical doctors, only 47% of the respondents
were aware that the use of antiBs as growth stimulant on livestock was illegal in the EU.
Nearly 65.28% of the respondents did not have access to appropriate materials on AMR
counselling and ~92.5% never or rarely shared resources on prudent antiB use. Unsolicited
antiB rotation, attempt to make recovery quicker, lobbying by pharma and patient influence
too play a critical influencing role in GP’s use of antiBs.

This leads to the emergence of MDR (multi-drug resistive), untreatable infections and entry
of these pathogens into the food chain. Many clinical practices are being forced to increase
the use of broad-spectrum antibiotics early in the infection cycle, sometimes even for viral
infections (especially in respiratory tract viral infections), to ensure recovery [B2, Appendix
F]. This has further led to an increase in difficult-to-treat MDR infections and related
economic burden.

Consumers have low power and moderate interest

Patient-related factors (self-medication, low compliance and adherence) augment the issue of
AMR. According to (Green et al., 2023), driven by inconvenience due to healthcare systems,
financial barriers, and unregulated access to antiBs in LMICs, there was a substantial increase
in self-medication and low adherence to prescribed antibiotics. In a systemic review by (Xu
et al., 2019), the pooled surveillance of self-medication with antibiotics (SMA) was about

46% among university students. Among LMICs, the prevalence of SMA varied from 11.1%



(Brazil) to 90.7% (Congo). Factors, such as low literacy rates and awareness, easy access to
cheaper generic (Gx) versions, and social insensitivity towards the cost (profit/cost saving is
more critical), are known to drive such behaviours.

Further, consumer callousness and government failure to improve living conditions have led
to water pollution and transmission of AMR. In regions with higher population density, the
incidence of communicable infections is high, which has led to repeat infections and
increased AMR. Across studies (Alividza et al., 2018; Barah & Gongalves, 2010; Planta,
2007), the role of other socio-economic factors, such as poverty and awareness, in the spread
of AMR has been implicated. Especially in LMICs, there is increased evidence of poor
hygienic conditions and key systemic issues, such as open defecation. Through water
contamination and sewage mismanagement, drug resistance has entered portable and
irrigation water and has a direct impact on agriculture and marine industry, contributing to
cross-border AMR [R6, Appendix F]. According to (Biirgmann et al., 2018), understanding
the fate of AMR pathogens and antibiotic resistance genes (ARGs) through the lens of water
sanitation and hygiene practices is critical to control the spread of AMR through irrigation
and potable water.

Regulators and policymakers yield high power, high interest, and high impact:

Since the WHO endorsement, there has been a lot of activity and resource allocation from
different healthcare systems and respective governments to address the issue. Many
participating countries have agreed and aligned to the ‘Global Action Plan (GAP)’ and draft
‘National Action Plans (NAPs)’. However, regional variance in healthcare infrastructure,
socioeconomic strata, economic goals, etc. had led to poor implementation of these
initiatives. Perceived healthcare orientation of AMR has led to challenges in onboarding
other industries, such as agriculture, marine and environment [Appendix E], leading to a

policy freeze.



Further, many policymakers have been blindsided by available data and research on AMR. In
a systemic review done by (Price et al., 2018), it was found that most of the studies referring
to interventions to change the public’s AMR awareness and/or antimicrobial stewardship
behaviour were conducted in high-income countries and recommended mass-media
interventions, school-based interventions, and print-media interventions assuming universal
access to these. These studies created a bias in recommendations which could have dented
universal application and relevance in AMR application. For instance, the incidence of AMR
across industries is substantially higher in LMICs as compared to high-income countries,

where access and effectiveness of proposed interventions is limited due to multiple factors.

Section 2: Analysis of the Solution Landscape

In May 2015, the 68 World Health Assembly endorsed WHO’s ‘Global Action Plan (GAP)’
drafted as a guiding document for participating countries to manage and reduce the burden of

AMR. The GAP warranted five key objectives (Fig 1):

Fig 1: Five Key Objectives Laid Out by WHO in May 2015

Improve awareness and
understanding of
antimicrobial resistance Strengthen the
knowledge through
surveillance and research

Reduce the National Action Plans
incidence of (NAPs within two years
infection of endorsement)

\_|N@ Optimize the use of

antiBs
Ensure sustainable investment
in countering antimicrobial
resistance

Source: (WHO EMRO | Global Action Plan on Antimicrobial Resistance | Antimicrobial
Resistance | Health Topics, n.d.)

However, many years after the call for NAPs, the implementation of proposed NAPs is

significantly challenged. Regional bias in studies and data collected has led to defiance in



regional planning against AMR. In a systemic review of NAPs by (Willemsen et al., 2022),
surveillance system was reported only by two of nine (India and Sri Lanka) SEA countries,
while other countries (such as DPR of Korea, Indonesia, and Maldives) did not report any
AMR surveillance.

Similarly, failure to understand reinforcing loops leading to the rising of AMR across
industries [Appendix F] has led to poor outcomes. For instance, while the GAP proposes to
improve awareness and understanding of AMR, none of the SEA (Southeast Asia) countries
identified challenges, such as literacy rate, access to print and digital media, and limited
vernacular content, etc. in their NAPs. Similarly, there is a global call out to increase funding
for new antiB development, however, not many NAPs talk about engaging the VC
community and incentivizing pharma to fund and develop new age antiBs [B1 Appendix F].
Moreover, the NAPs fail to acknowledge the deep structures of other industries. For instance,
the GAP does not call out plans and incentives for poultry farmers to reduce antiB
dependence, which can lead to a substantial drop in their yield and an increase in food prices
[R7 and R8, Appendix F].

e Asdiscussed in R5, Appendix F, the availability of cheaper Gx antiBs, potential OTC
sales, and the need for cost-effective treatment leads to self-medication which in turn
leads to AMR. While many of the high-income countries have a regulated distribution of
antiBs, however, LMICs is the wild west. There is a need of strong regulatory and
monitoring control on distribution, dispensing and use of antiBs there.

o Similarly, there is a global call to develop antiB pipeline to target drug resistance
developed for existing antiB arsenal. However, as discussed in loop B1 of Appendix F,
any antiB NCE post-approval will enter the same vicious cycle of use and misuse and

will end up adding to the MDR problem.



The level of detail is substantially missing to help countries clearly align with global
objectives and collaborate at a global level. For instance, in the GAP, ‘One Health’ is
discussed once in the foreword, once in the consultative process and once in the objectives.
No clear action plan to achieve ‘One Health’ is defined.

For any global action plan to be successful, the reverse flow (local = global) is needed which
can account for regional variance and identify leverage points relevant to regions and

industries.

Section 3: Reframing the Problem Statement

In Appendix F, there are four major themes identified:

e Misuse of antiBs: The current system serves to rationalize the prescription behaviour of
prescribers and reduce the use of antiBs in patients. However, it moves away from the
guiding star because it does not ensure access to essential interventions, such as
stewardship programs and clinical SOPs to treat infections to the prescribers (especially
GPs) and does not offer intervention which can balance consumer demand for cheap
food and healthcare and supply of cost-effective production.

e Need for new antiBs or alternatives: While the current systems call for refunding or
incentivizing of antiB pipeline, however, by 2050, any new antibiotic approved will enter
the same vicious cycle of the deep structure discussed in Appendix A. Further, while the
proposed intervention calls out for refinancing the pipeline, however, there is limited
intervention offered to solve investor’s disinterest in developing next-gen antiBs
(especially compared to other TAs) and provide sustainable financing to small firms
which account for 81% of the current NCEs in development.

e Improve sanitation and living conditions to reduce water contamination and cross-

infections: the current system refers to socio-economic interventions to improve living



conditions and control water contamination; however, it is not designed to address
literacy issues and enforce hygiene practices (such as social distancing). Further, as in
loop R11 of Appendix F, there is a need for a system to create a closer connection
between medical professionals and patients to enforce best practices to improve living
standard and break chain of communicable infection in patient’s own settings.

Enable cross-country, cross-industry collaboration — buy-in from all: while
concepts, such as ‘One Health’ call for unification of effort by different sectors and
countries through advocacy and knowledge support, however, it positions the initiative to
be health-oriented and does not address key concerns of the regional industries and
actors. There is no clear outline or framework to address critical issues, such as the
knowledge gap between the health industry and others, loss of productivity due to
changes made in health / antiB policy, contain the cost of production and thereby, cost to
consumer while implementing solutions related to AMR [R7 and R8 loops of Appendix
F], etc.

Each industry/actor has deep structures which need interventions developed regionally.
For instance, intervening other industries for rational antiB usage can lead to systemic
challenges, such as food inflation. Therefore, there is a need to follow the ‘made local
for global” approach. It is important for participating countries to formulate their own
action plan and global watchdog ensures implementation.

Local to the global reframed problem: “Set up an inclusive ‘One-life’ work plan

offering balancing and regional interventions to improve quality of life, manage
productivity, ensure food security and address living cost inflation to motivate actors to
adhere to evolving systems and reduce the use of antiBs by 30% over the next 5-years

across’.



Section 4: Interventions

1. Misuse of antiBs:

a. Based on regional real-world evidence, set-up binding clinical protocols for
the prescription of antiBs in clinical and animal care settings.

b. Leverage serialization to track sales of antiBs and link to physician
prescription—through closed-loop POB ordering system—to monitor and
identify practices overusing antiBs and pharmacies offering antiBs OTC.
Draft a legal penalty for unsolicited sales and prescription of antiBs.

c. Create green spaces and collaboration between farmers and livestock/poultry
farms to ensure enough space, sharing of resources (manure and urea) and
enable commercializing of bio-fuel to create alternate revenue streams.

d. Set up digitized vet care programs and engagement to educate
livestock/poultry farmers on the downside of overuse of anitBs.

e. Setup a government-owned GPO (group purchasing organization) to control
the supply of antiBs through digital distribution in animal farms.

f. To control food inflation due to productivity loss, create a middle-man-free,
government-monitored D2C supply chain using multiple channels.

i. Incentives, such as subsidized urea, irrigation water and electricity,
can be offered to farmers and poultry/livestock farms adhering to
recommended use of antiBs.

2. Need of new antiBs or alternatives

a. To promote and sustain R&D (especially for small pharma), ‘global shared
resources’ should be co-created and co-financed to fund the research and
offer expertise throughout clinical development. The global platform can be

self-funded by taking a revenue share of the commercialized asset.



b.

Set-up COVID vaccination similar supply and distribution chain for newly
approved antiBs to reduce misuse and overprescription.

Create a framework of incentives, such as grants and tax rebates, to promote
R&D in antiBs. Restrict late-stage sale/entry of global pharma for NCEs
nearing approval (Phase 2 and beyond).

Replace tools, such as compulsory licensing and price caps, with incentives to

promote local production, tech transfers and IP sharing.

3. Improve sanitation and living conditions to reduce water contamination and

cross-infections.

a.

Create a PPP model to undertake WASH initiatives. Use technology to
deliver vernacular content easily accessible and readable to the targeted
population.

Reinforce WASH initiatives through community counselling. Leverage
surveillance systems to enable real-time monitoring from areas of above-
average population density. Reinforce community programs, such as social

distancing, especially in areas of open defecation and high population density.

4. Enable cross-country, cross-industry collaboration — buy-in from all

a.

Reposition ‘one health’ to ‘one life’ and create one advocacy group inclusive
of all industries and decision-makers.

Incentivize antiB behaviour by improving access and affordability to
alternatives, such as urea in agriculture, phytochemicals in livestock, etc.
Pesticide and chemical-free zones to promote organic farming augmented
with state-sponsored D2C channel to ensure profitability for farmers. (Kumar

etal., 2018)
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Appendix A: Deep structure - AMR




Appendix B: Antibacterial products in clinical development for priority pathogens (WHO
2022)

A.1. Products by type A.2. No. of non traditional A.3. Products by pathogen category and phase
products by category Pathogen category  Phasel Phasell Phaselll Preregist. Total
Non-traditional Microbiome-modulati _11 Priority pathogens 2 49
34 (43%) Bacteriophages and p.. [ NN ©
Miscellaneous - 6 Mycobacte‘rium 14
Antibiotics tuberculosis
46 (58%) Antibodies - 6
Clostridioides
Immunomedulating ag. .2 difficile 1 17
0 5 10 15
N Product = Total 34 29 14 3 80
B. Expected activity against priority pathogens
Critical priority pathogens Other priority pathogens
All critical Gram- .
cinat ‘ r Total
Active? AJﬂE.Dha(pSQudDmGan(erDba priority | Subtotal | positive Neisseria HelicobactStaphylocoEnterococcStreptococCampyloba Subtotal o
baumanniiaeruginosa gonnorhoe: pylori  aureus  faecium pneumonia  spp.
pathogens priority p
- 90 0000000000000
Possibly | 14 14 ) 3 17 1 1 2 1 1 1 3 20
- 0000000000000 0
C.1. Innovative? C.2. New chemical entity (NCE)?
Innovative?
Yes |
No = ‘
Inconclusive 17(37%)
NCE?
23(50%)
Yes u
N=46 N=80

Source: “Antibacterial products in clinical development for priority pathogens” WHO, June 2022

Appendix C: The Guiding Star of AMADOS (Group 3) 2023 (Ref: Class Presentation)

Estimated Deaths Attributed to AMR With and Without Intervention

To limit deaths attributed to
AMR to only 3.2m globally by

2020 2030 2040 2050

-Without Intervention —~With Intervention

Source: Group AMADOS (2023) Feedback - Group Presentations - The persistent problem of global
antimicrobial resistance. Available at: https://canvas.sbs.ox.ac.uk/courses/2984/discussion topics/24019
(Accessed: 18 March 2023)



https://www.who.int/observatories/global-observatory-on-health-research-and-development/monitoring/antibacterial-products-in-clinical-development-for-priority-pathogens
https://canvas.sbs.ox.ac.uk/courses/2984/discussion_topics/24019

Appendix D: Stakeholder Mapping for AMR

Level

Micro

Stakeholder

Patients

Low

Interest

High

Impact
on AMR

Incidence

Caregivers

Moderate

Consumers

Meso

Providers

Pharma

Farmers

Poultry

Researchers

Inst. Administrators

Macro

Regulators

Policymakers

Advisors

Source: Group AMADOS (2023) Feedback - Group Presentations - The persistent problem of

global antimicrobial resistance. Available at:

https://canvas.sbs.ox.ac.uk/courses/2984/discussion topics/24019 (Accessed: 18 March

2023); (Traversi et al., 2022), Author Analysis and Research


https://canvas.sbs.ox.ac.uk/courses/2984/discussion_topics/24019

Key themes (enablers + inhibitors)

Appendix E
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Appendix G: Iceberg model — AMR

Antimicrobial resistance is expected to result in 10 million deaths by 2050

Irrational use Low Easy access to Living standard Food-related marine
of antiB in compliance AntiB across disparity microplastic litter
humans and to treatment systems
animals
Lobbying Self medication Increased Increased food Cost-effective Easy access and
i d q b of guideli
Doctol st ibe i : : .
sometrh'i':; if??;c;ck Many doctors aim for qui Stewardship programs are ineffectivi AMR is not a problem and there  We need to protect our produce
recovery and must treat and inefficient will always be new-age from infections
approach antibiotics
Difference in prescription Many developing nations have
behaviors hests Expericnce and Biacticslof \MESISNT phianmaciss Consumers don’t care about the Producing meat and plants
seniority prescribing antibiotics supply chain of their meat or without antibiotics will be very
plants costly

Source: (Traversi et al., 2022), Group AMADOS (2023) Feedback - Group Presentations - The persistent
problem of global antimicrobial resistance. Available at:
https://canvas.sbs.ox.ac.uk/courses/2984/discussion topics/24019 (Accessed: 18 March 2023)
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