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“Let us not, however, flatter
ourselves overmuch on account
of our human victories over
nature. For each such victory,
nature takes its revenge on us.
Each victory, it is true, in the first
place brings about the results we
expected, but in the second and
third places it has quite different,
unforeseen effects which only too
often cancel the first.”

Friedrich Engels 1876
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Antibiotics — universal access is a
fundamental human right

Access to antibiotics has been a major contributor to the
50% reduction in maternal and child deaths since 1990

(but many septic neonates and older children with
pneumonia still dying because of drug resistant
pathogens)

Azithromycin MDA reduces all cause mortality in African
children

(but caused an increase in macrolide resistant
S. pneumoniae)

Many antibiotics promote growth in children
(in animals too, but with massive increases in resistance)

Mendelson et al. Lancet 2016; 387: 188-98
Doan et al. N Engl J Med 2019; 380: 2271-2273 MORU
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Deaths attributable

to AMR .
compared to ot What is the AMR burden?

major causes of death

AMR in 2050
10 million

Tetanus
60,000

Road traffic

accidents Cancer
1.2 million 8.2 million
Measles Cholera
130,000 100,000~
120,000
Diarrhoeal
disease Diabetes

1.4 million 1.5 million

UK Government

Review on
Antimicrobial
Resistance

Chair: Jim O’Neill
December 2014



AMR’s impact on World GDP
in trillions of USD

2014
2020
2030
2040
2050

UK Government

Total GDP loss

$100.2 trillion Review on
Antimicrobial
Resistance
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-45T
Chair: Jim O’Neill

December 2014
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-105T



10 million d

eaths by 2050
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Tackling drug-resistant infections globally
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Currently 700,000 deaths (low estimate) due
to antimicrobial resistant infection MORU :
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Estimates of Burden of Antibacterial Resistance

European Union
population 500m

25,000 deaths per year .

| Antimicrobial Resistance
Global Report on Surveillance 2014

Thailand
population 70m

>38,000 deaths

Source: Pumart et al 2012

United States
population 300m

>23,000 deaths
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Estimates of Burden of Antibacterial Resistance

European Union Thailand United States
population 500m population 70m population 300m

25,000 deaths per year . >38,000 deaths . >23,000 deaths

Source: ECDC 2007 Source: Pumart et al 2012 Source: US CDC 2013

Global information is insufficient to show complete disease burden impact and costs

| Antimicrobial Resista f@v World Health
micro! esistance
Global Report on Surveillance 2014 WE®¥ Organization

38,000 in Thailand is “total mortality”
However, it’s not comparable -
“attributable mortality” should be used



Epidemiology and burden of multidrug-
resistant bacterial infection in a
developing country
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https://elifesciences.org/content/5/e18082

Study Design

Retrospective, multicentre
surveillance study

Bacteraemia cases

Jan 2004 - Dec 2010

9 provincial hospitals in
Northeast Thailand

1. Nong Khai 2. Udon Thani 3. Nakhon Phanom 4. Chaiyaphum 5. Mukdahan
6. Yasothon 7. Buriram 8. Sisaket 9. Ubon Ratchathani
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Methods - Data sources

Hospital No.
Admission No.

National ID To identify

bacteraemia
and MDR

To confirm
30-day mortality

MORU :::
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Methods

Mortality attributable to MDR

in hospital-acquired bacteraemia (our study)

Correction factors | =¢ ==
Martone WJ., at al. 1998.

Mortality attributable to MDR

in hospital-acquired infections (all sites)

National statistics of
nosocomial MDR infections

Pumart P, et al.
2012.

Mortality attributable to MDR

in hospital-acquired infections in Thailand

MORU -
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Results — 30 day mortality in patients with
hospital-acquired bacteraemia
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Excess deaths due to MDR

in hospital-acquired infections in Thailand
16000 - 15,168

o =19,122 deaths
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Estimates of Burden of Antibacterial Resistance

European Union Thailand United States
population 500m population 70m population 300m

25,000 deaths per year . 19,000 deaths per year . >23,000 deaths

Source: Lim 2016

| Antimicrobial Resistance
Global Report on Surveillance 2014
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GIobaIAntlmlcrob I
Resistance Survei nce
System

Manual for EarIy Implemen atlon
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Acinetobacter spp., Escherichia coli, Klebsiella
pneumoniae, Neisseria gonorrhoeae,
Salmonella spp., Shigella spp., Staphylococcus
aureus, and Streptococcus pneumoniae

2015

Global Antimicrobial
Resistance Surveillance
System (GLASS) Report
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“Limitations with data quality and
representativeness”
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WHO-GLASS Participation December 2018

:] Data not available 0 850 1700 3,400 Kilometers
- Countries enrolled in GLASS (n=71) I:l Not applicable

Allows both isolate-based and case-based reports
However, mortality data is not included MORU -

Tropical Health Network



Plan - easy-to-use application allowing hospitals to analyse their
own data, and produce summary reports for monitoring deaths
related to AMR in their own hospitals

Within Hospital

| Hospital admission data |
I

|

|
| Microbiology la tory data | l

| Su ary report ‘

Participating Hospital

Aggregated data ONLY

Hospital admission data Summary report in

WHO GLASS
aggregated data format

H Application G

Microbiology laboratory data
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|""R ACORN - A Clinically Oriented
il 5 Ntimicrobial Resistance Network

Objectives Outcome Measures

Primary:

To develop, implement and assess a hospital-based system for A protocol and guideline for implementation
patient-centred surveillance of Drug Resistant Infections (DRI) of this system for further roll-out in other sites
Secondary:

To systematically characterize drug-resistant infections based on Antimicrobial susceptibility data with both
important clinical syndromes, to adequately inform treatment pathogen and clinical denominators, including
guidelines predefined subgroups

To implement clinical syndrome-guided diagnostic stewardship of Proportion of timely and correctly sampled

patients with suspected infection patients per syndrome

To determine the duration, cost of hospitalisation and patient Antimicrobial susceptibility data, cost
outcome of DRI and non-DRI estimates, 28 day mortality data
Tertiary:
To evaluate the feasibility and acceptability of the surveillance Results of clinician and laboratory technician
system and package of tools surveys
Led by Paul Turner, Director of Cambodia-Oxford Medical Research Unit MORU .t
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Fleming Fund data-focussed project collaboration:

GRAM and Regional Grants Round 1.

Implementers
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The Global Research on AntiMicrobial Resistance (GRAM) study
an Oxford University / Institute of Health Metrics & Evaluation Partnership

 GRAM is the flagship project of the Oxford GBD (Global Burden of Disease)
Group

* The Oxford GBD Group is a partnership between the University of Oxford Big
Data Institute (BDI) and the Institute of Health Metrics & Evaluation (IHME) at
the University of Washington.

* Goalis to provide robust, comprehensive and timely evidence of the burden of
AMR globally, in order to:

> drive awareness of AMR
» support better surveillance of AMR

» prompt policy action to control AMR, including facilitating antimicrobial
stewardship

 GRAM was launched with support from the UK Department of Health’s
Fleming Fund, the Wellcome Trust and the Bill and Melinda Gates Foundation.

(o) = . w .
X Fleming Fund o MORU
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The Global Research on AntiMicrobial Resistance (GRAM) study
an Oxford University / Institute of Health Metrics & Evaluation Partnership

Objectives

1. Consolidate, review and analyse all available
data and scientific information on AMR
worldwide

2. Produce granular geospatial maps of AMR
ourden as detailed as the data will allow

3. Incorporate the mortality and morbidity
attributable to AMR bacterial pathogens into
the GBD Study estimates

!‘-‘- !!kl iy

WUNIVERSITY of WASHINGTON @ IHME —— MORU ::

Tropical Health Network



\\®)

Underuse of W
diagnostic Self-medication

Weak/unenforced Lack of Treatment

regulations knowledge non-adherence Co K
Rational & irrational ~ Patient Easy access to  Bacterial (7 \
prescribing pressure antimicrobials  determinants % \
Financial incentive  Medicated Agriculture & aquaculture Poor quality

for prescriber animal feed intensification drugs

DRIVERS

Inappropriate food Overcrowding Lack of access

i to appropriate drugs
ganalig Lack of sanitation EeR g

Poor hygiene &

Animal & good infection control

trade

Domestic & international
travel

Infection Spread

J Antimicrob Chemother 2017:; 72: 2963—2¢



Penicillin-resistant S.pneumoniae (%)

Access vs Excess
Antibiotic use drives antimicrobial resistance
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EPIDEMIOLOGY AND GLOBAL HEALTH, MICROBIOLOGY AND INFECTIOUS DISEASE @

The distribution of antibiotic use and its association with
antibiotic resistance

eLIFE
elfesciences.org n g a ELlfe 2018;7'639435

Scott W Olesen, Michael L Barnett, Derek R MacFadden, John S Brownstein, Sonia Herndndez-Diaz, Marc Lipsitch, Yonatan H Grad
Harvard T.H. Chan School of Public Health, United States; Brigham and Women'’s Hospital, Harvard Medical School, United States; University of Toronto, Canada; Boston
Children’s Hospital, United States; Harvard Medical School, United States

Intensive, repeated use of antibiotics
more important than broad use when
controlled for first use of ANY antibiotic

Broad use of antibiotics more
important than intensive, repeated use
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“One Health
Approach”



The EPA’s latest bad idea: Spraying streptomycin on our citrus fruits |

Commentary

By NATHAN DONLEY
GUEST COLUMNIST | JAN 09, 2019 | 10:55 AM

A citrus grove is pictured in Clermont, The EPA recently approved the spraying of streptomycin on nearly half a million acres of the
nation's citrus. (Orlando Sentinel)

As a scientist and former cancer researcher, I'm the family pusher when it comes to fresh
veggies and fruit.

And like millions of other American families, my family loves citrus fruits. Oranges,

G it G .‘
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INTERIOR LOTS
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One Health Genomic Surveillance of Escherichia coli
Demonstrates Distinct Lineages and Mobile Genetic Elements
in Isolates from Humans versus Livestock

Catherine Ludden,>* Kathy E. Raven,c Dorota Jamrozy,® Theodore Gouliouris,~9-¢ Beth Blane,c Francesc Coll,>*
Marcus de Goffau,” Plamena Naydenova,c Carolyne Horner,f Juan Hernandez-Garcia,® Paul Wood," Nazreen Hadjirin,9
Milorad Radakovic,® Nicholas M. Brown,9-=f Mark Holmes,? ‘*' Julian Parkhill,* Sharon J. PeacockaP:<
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Surveillance and monitoring

Infection prevention

Responsible use

Universal access

Innovation and R&D (knowledge base)

Policy framework for sustainable access to effective antimicrobials
Dar et al. Lancet 2016; 387: 285-95




What communication strategy should we
use for AMR?

o . 2
COMMENT War against superbugs
-..‘| e | “Fight against AMR”
“Please stop the misusing
antibiotics”
) AMR vs Drug Resistant
Antibiotic resistance .
hasa language problem Infections
e e e | WhO? Action? Nudge?
s=EEEEs 252 | Market-Message-Medium?

ied, part of Springar Nahure. All ights rasa

Nature. 2017 May 3; 545(7652) 23-25 MORU :
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™

Antibiotic Footprints

)/

Antibiotic Footprint
can be used to
attribute antibiotic
consumption to
different human
activities

%, '

Limmathurotsakul et al. J Antimicrob Chemother. 2019 Aug; 74(8): 2122-2127. MORU o

Tropical Health Network



Journal of
J Antimicrob Chemother 2019; 74: 2122-2127 Antimicrobial
doi:10.1093/jac/dkz185 Advance Access publication 10 May 2019 ChemOtherapy

‘Antibiotic footprint’ as a communication tool to aid
reduction of antibiotic consumption

Direk Limmathurotsakul ) *~3*, Jonathan A. T. Sandoe*, David C. Barrett®, Michael Corley®, Li Yang Hsu”*%,
Marc Mendelson®'°, Peter Collignon**?, Ramanan Laxminarayan'3*, Sharon J. Peacock @ ** and
Philip Howard**

100% 7 I Intestinal anti-infectives (A7A)
90% = Tetracyclines (JO1A)
Human consumption (HUMAN) [ Amphenicals (JO1B)
491 tonnes (64%) 80% =
[T Penicillins (J010)
Consumption in animal . .
agriculture (ANIM) 70% - Other beta-lactam antibacterials (JO1D)
281.6 tonnes (36%) 0% [ sulfonamides and trimethoprim (JO1E)
o =
- Macrolides, lincosamides and streptogramins
50% = (JO1F)
4o% Aminoglycoside antibacterials (JO1G)
6 -
[ quinolone antibacterials (JO1M)
30% Combinations of antibacterials (JO1R)
20% - Other antibiotics (JO1X)
I Agents against amoebiasis and other protozoal
10% (PO1A)
0% T T
Human Consumption
consumption in animal
agriculture

“Antibiotic footprint” of the UK in 2017 IVIVNUY .-
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www.antibioticfootprint.net

All sectors Human Consumption Community

Hospital Animal Agriculture Per person
*Measured in grams per person
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Journal ofb l
Antimicrobia

J Antimicrob Ch ther 2018; 73: 1737-1749

doi?l é)r?ggo&'joc?g?(;m%r Advance Access publication 5 March 2018 ChemOtherapy

An inventory of supranational antimicrobial resistance surveillance
networks involving low- and middle-income countries since 2000

Elizabeth A. Ashley™?*, Judith Recht?, Arlene Chua“, David Dance?>, Mehul Dhorda??7, Nigel V. Thomas?’,
Nisha Ranganathan®, Paul Turner®3°, Philippe J. Guerin®”-'%, Nicholas J. White?? and Nicholas P. Day??

“Since 2000, 72 supranational networks
for AMR surveillance in bacteria, fungi,
HIV, TB and malaria have been created
that have involved LMICs, of which 34 are
ongoing.”

Median survival 6 years

“Maintaining an up-to-date registry of
networks would promote a more
coordinated approach to surveillance.”

MORU
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NO TIME TO WAIT:
SECURING THE FUTURE
FROM DRUG-RESISTANT
INFECTIONS

REPORT TO THE
SECRETARY-GENERAL
OF THE UNITED NATIONS

APRIL 2019

IACG ‘ Interagency Coordination Group on
Antimicrobial Resistance



Lack of access to clean

and disease prevention
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ONE HEALTH RESPONSE TO ANTIMICROBIAL RESISTANCE

Humans Food & Feed Plants & Crops Environment Terrestrial &
Aquatic Animals

o

Jrass
<

Antimicrobial resistance is a global crisis. There is no time to wait.
A sustained One Health response with a shared vision and goals is essential to tackle antimicrobial
resistance and achieve the Sustainable Development Goals.

Interagency Coordination Group on Antimicrobial Resistance Recommendations

ACCELERATE INNOVATE TO COLLABORATE FOR INVEST FOR A STRENGTHEN
PROGRESS SECURE THE MORE EFFECTIVE SUSTAINABLE ACCOUNTABILITY AND
IN COUNTRIES FUTURE ACTION RESPONSE GLOBAL GOVERNANCE

SUSTAINABLE DEVELOPMENT GOALS

NO ZERD GOOD HEALTH CLEAN WATER INDUSTRY, INNOVATION REDUI}ED 12 RESPONSIBLE PARTNERSHIPS

POVERTY HUNGER AND WELL-BEING AND SANITATION AND INFRASTRUCTURE INEQUALIIIES CONSUMPTION FOR THE GOALS
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Conclusions

e More research needed on burden and on drivers
of AMR so we know what to communicate

 Still need better ways to communicate the threat
of AMR

 The bandwagon has everyone on board now, but

its still needs
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