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- The EFFORT project
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Antimicrobial Resistance in EU

Present:
» 25,000 deaths/year

« 2.5 million extra hospital days

 €1.5 billion/year in healthcare

costs and productivity losses

Future:

Deaths attributable to AMR in 2050%***

Europe
390,000

N North
America

317,000

Asia

Africa
4,150,000

’ Oceania

22,000

Latin
America

392,000

Mortality per 10,000 population

number of deaths

* Source: The_Bacterial_Challenge_Time_to_React (ECDC) Figures from 2009, underestimated as take into
account 5 multidrug resistant bacteria and 4 types of infections. Figures to be updated in 2018.

** Source: World Health Organization factsheet.

=== Source: ). O'Neil, 2014. Antimicrobial Resistance: Tackling a crisis for the health and wealth of nations.

Source: http://www.ema.europa.eu/docs/en_GB/document_library/Report/2017/11/WC500238133.pdf
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What is Europe doing about AMR?

European Commission:
 AMR research funding
 EU Guidelines for AM use
 One Health action plan

EFSA — EMA - ECDC
 Public awareness

e Surveillance

30/11/17
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AMR Research - EC Funded projects

(e.g. first hits for search on resistance” in CORDIS)

Since 1999, the Commission has invested over €1.3 billion in AMR research

PROJECT FUNDING START] END
debugIT FP7 2008 2011
BIOHYPO FP7 2009 2012
PAR FP7 2010 2013
RESISTOME FP7 2010 2015
R-GNOSIS FP7 2011 2017
EVOTAR FP7 2011 2015
RESISTEVO FP7 2012 2016
SPECRESEVO FP7 2012 2014
TRAIN-ASAP FP7 2012 2016
ARISE FP7 2012 2018
RARE FP7 2012 2016
COEVOCON FP7 2013 2018
EFFORT FP7 2013 2018
TAILORED-TREATMENT FP7 2013 2017
RESISTANCE EVOLUTION H2020 2015 2020
CARTNET H2020 2018 2021
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ND4BB - New Drugs for Bad Bugs
1953: Glycopeptides, Nitroimidazoles, Streptogramins <« P 1955: Cycloserine, Novobiocin :
1952: Macrolides < P 1957: Rifamycins
1950: Pleuromutilins < P 1961: Timethoprim
1948: Cephalosporins < P 1962: Quinolones, Lincosamides, Fusidic acid
1947: Polymyxins, Phenicols < P 1949: Fosfomycin
1944: Nitrofurans <« P 1971: Mupirocin
1945: Tetracyclines < P 1976: Carbapenems
1943: Aminoglycosides, Bacitracin (topical) < P 1978: Oxazolidinones
1932: Sulfonamides « P 1979: Monobactams
1928: Penicillins < P 1987: Lipopeptides
i 1N |
| m | o)l | | | |
% ‘ immmi 1570}l 1960 = 2000 =8 2010
DISCOVERY VOID
© ReAct Group 2015
It tackles scientific, regulatory, and business challenges that
hamper the development of new antibiotics
Part of the Innovative Medicines Innitiative, funded jointly by
the European Union and the European pharmaceutical industry
30/11/17
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JPIAMR — Joint Programming Initiative
on Antimicrobial Resistance

Joint Programming - European Member States agree on a
common Strategic Research Agenda, to be implemented R
jointly
Year Topic Supported projects
2014 InnovaResistance 7 supported Projects/
41 partners
2015 Repurposing Neglected Antibiotics 3 Projects/17 partners
2016 Transnational Working Groups Call 13 working Groups/
160 partners
42 projects/WGs
2016 | Transmission and Selection of Resistance in Humans, 19 Projects/96 partners
Animals, and the Environment (ERANnet Cofund)
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Goals:

The European One Health Action Plan against
Antimicrobial Resistance

f"NE&m.
- & .|
Include the role of the environment ~_HEALTH

Improved data collection, monitoring and surveillance

Boost research, development and innovation

v

Make the EU a best practice region #

Shape the global agenda 2/ .&

M=

A European

. One Health

Action Plan
against
Antimicrobial
Resistance

. (AMR)
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EU guidelines for AM use
EU Guidelines for the prudent use of
antimicrobials in human health
to reduce inappropriate use and promote prudent use of
antimicrobials in humans
EU Advice on the use of colistin
products in animals :
BE 2
The larger abundance of the mcr-1 gene in veterinary isolates o 5y ondclnes
and animal environments compared to human isolates, together
with the much higher use of colistin in livestock compared to
human medicine suggest a flow of resistance
from animals to humans. o
El Hl‘i PEAN '\\!'N\"l\l'\ AGENCY
. ecdc

Updated advice on the use of colistin products in animals

within the European Union: development of resistance

and possible impact on human and animal health
10 DTU Food, Technical University of Denmark Joint International Symposium 30/11/17




EFSA — EMA — ECDC on AMR

Public awareness

EUROPEAN ANTIBIOTIC AWARENESS DAY
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Combined resistance to
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growing problem in the EU
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Join the live Twitter event
“Keeping antibiotics working™
15 November, op:20-13-00

Follow the coverage and send questions
for our speakers via (VY]

EU report: more evidence on link between antiblotic use
and antiblotic resistance

Salery Authoriy,
Eimepean Conare for (s Provrstion and Control sen cecere st the
gt of e of metibioticn o the ncroes in antiisiotic restas bactesia &

PP pe——

How can we reduce the use of antimicrobials in food-producing
animals?
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EFSA — EMA — ECDC on AMR

Surveillance

Joint Interagency Antimicrobial Consumption and Resistance Analysis (JIACRA)

Joint report on consumption of antimicrobial agents and occurrence of antimicrobial resistance in

bacteria from humans and food-producing animals (2015, 2017)

& - o

- efSam wuomn e ey
SCIENTIFIC REPORT g EUROPEAN MEDICINES AGENCY

=" European Food Safety Authority

APPROVED: 28 June 2017

doi: 10.2903/j.efsa.2017.4872

ECDC/EFSA/EMA second joint report on the integrated
analysis of the consumption of antimicrobial agents and
occurrence of antimicrobial resistance in bacteria from
humans and food-producing animals

Joint Interagency Antimicrobial Consumption and Resistance
Analysis (JIACRA) Report
European Centre for Disease Prevention and Control (ECDC),

European Food Safety Authority (EFSA) and
European Medicines Agency (EMA)

12 DTU Food, Technical University of Denmark Joint International Symposium 30/11/17
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Why is a pan-European approach necessary?
Example: The Danish broiler production

Figure 2. Occurrence (%) of ESBL-producing Escherichia coli and genes in meat" B Denmark

DANMAR 2011

50 -
' —

40 —_—
iflao | cephalosporins had not been used
% in Danish broilers for 10 years!
=]
3 20 -
(=9
=

10 <

O -

Danish
Pork Beef Broiler meat

m CTH-M-1 CTH-M-2 CTX-M-14 CMY-2 mSHWV-2a SHV-12 =TEM-20 wTEM-52 w=AmpC upregulation mUnknown

Source: DANMAP 2011
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Why iIs a pan-European approach necessary?

Example: The Danish broiler production

Day-old Grand Parent Grandparent Day-old Parent Parent flock and broiler flocks

flocks
Cephalosporin use No Cephalosporin use

™\ LA~ I H
AN H H N

No Cephalosporin use

Source: Tine Hald
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Why iIs a pan-European approach necessary?

Example: The Danish broiler production

F

C

=

E<RI

A problem in one country ;

OT a one country’s problem

IS N

Day-old Grand Parent

Cephalosporin use

™\ LA~
AN

Tl 87 Ty

Grandparent Day-old Parent

flocks

No Cephalosporin use

DTU Food, Technical University of Denmark

Parent flock and broiler flocks :“w

No Cephalosporin use

Source: Tine Hald
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A snapshot of current projects on AMR at the
Division of Genomic Epidemiology (DTU-FOOD)

1. Global Sewage Surveillance Project

A proof-of-concept for applying metagenomic analysis

of sewage in the global surveillance and prediction of

human infectious diseases and antimicrobial resistance

0.2 .
* Human sewage collected in major cities around the world | Region
l Africa
* Metagenomic sequencing and guantification of AMR genes Asia
8 0.01 ) Europe
* Quantification of AM residues g Middle East
e North America
» Associations between AMR and global risk factors \ Oceania
South America
'0.2'
Global Sewage resistomes: dissimilarities between N S 3 2
samples of different geographical regions o ¥ i &
MDS1

16 DTU Food, Technical University of Denmark Joint International Symposium 30/11/17



2. The EFFORT project — facts and objectives

K Ecology from Farm to Fork Of\ To understand:

microbial drug Resistance and

Transmission e The epidemiology of AMR in the

food chain

e 5years (Dec 2013- Nov 2018) * The ecology of AMR in the microbial
communities

* EUFP7/2007-2013  The relative contribution of

« 10 countries, 20 institutions j dlfferentc exposure routes of AMR
from animals to humans

* The economic impact and animal
welfare aspects of AMR in the food
chain

The research leading to these results
has received funding from the European

Community's Seventh Framework
Programme [FP7/2007-2013] under
grant agreement n° 613754.

A<= EFFORT

AGAINST ANTIMICROBIAL RESISTANCE



wp1 2. The EFFORT project - overview

Harmonized sampling plan,
questionnaires, database

WP2

Metagenomic analysis

wP4
WP5

Epidemiological studies .
AM consumption

(biosecurity; farm risk factors)

REEEE]

. 'I'rHIE_’;;_-._L'Gii'ﬁ]jﬂ."ﬂif:[ﬂmﬁﬂfﬂ

WP8 WP7
Economic impact AMR source-attribution

(@& EFFORT

ANTIMICROBIAL RESISTAMNCE

Intervention studies at
poultry/pig farms

WP3 —
Transfer of AMR genes ;,é
"‘r
=@ s
% ‘iﬁw )
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2. The EFFORT project — AMR source-attribution

o o n

by
ANIMAL ANIMALS/DUST/ ANIMALS/CARCASSES/
FARMERS WORKERS

!

Olher
aminoglycoside —
beta-lac tamase
macrolide .

|

Other

* fetracycing

Task 7.1: Quantification of human exposure
through food and animal transmission routes to
AMR determinants in the overall population

= EFFORT

AGAIHNST ANTIMICROBIAL RESISTAMCE

Task 7.2 : Quantification of human exposure to
AMR determinants for the occupational risk groups

B &7 J VN o
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2. The EFFORT project — AMR source-attribution
Preliminary results

Comparative Exposure Assessment Framework

Fop =CXPXQXFre,

Fsp = exposure per person per day (whole population) (e.g. Fyo=pork)
C = consumption of food product per person per day (C)

P = prevalence of products with AMR determinant at retail

Q = quantity of AMR determinant in contaminated products

= EFFORT

AL RESISTANCE
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2. The EFFORT project — AMR source-attribution
Preliminary results

Comparative Exposure Assessment Framework

Based on Consumption gr/day Ln (DNA)/day
1000-
Sample type . Chicken . Pork . Trout . Turkey . Veal
750- —
= -
©
2 @
?%:“ 500- —
o [
‘5 [ ]
@ @ @
® ? e
250- ] @
N I h g
Belgjium Bulgjaria Denmark France Gerrhany Itély Netherlands Spéin
Country
4y k¥
= EFFORT :
Source:Javier Sanchez, UPEI (guest researcher at SAFOSO) 21
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2. The EFFORT project — AMR source-attribution
Preliminary results

Comparative Exposure Assessment Framework

Positive servings/week

Samgle type . Chickan . Puck . Trout . Tskity . Winal
10-
" .
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Belgium Bulgjaria Denmark France Gerrﬁany Itély Netherlands Spéin

Counlry

B &7 J VN o

= EFFORT
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Source:Javier Sanchez, UPEI (guest researcher at SAFOSO) 22
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2. The EFFORT project — AMR source-attribution
Preliminary results

MDS2

Ordination of all data by sample type

0.0 05 10
|

-05

-1.0

-1.5

-20

MDS1

% from pig
% from broiler
% from turkey

O = 0O m

% from trout
% from veal

% unknown

AGAINST ANT

OBis

W= EFFORT

L RESISTANCE

Dim2

Random Forest classification model

e

0.2
—

0.1

0.0
|

-0.1

* Carcasf (pig slaughterhouse)

-03

Dim 1
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Challenges in AMR risk assessment

24

The Hazard(s)?
— Antimicrobial use
— Resistant bacteria
— Resistance genes (transfer)

Hazard
identification

Probability of occurrence of each hazard?
- microbial community/resistome changes

- future exposure to multirresistance

Exposure
assessment

Consequence of the hazard(s)?
— development of resistance
— infection and treatment failure
— transfer of resistance between bacteria
— Genotypic “dose” and phenotypic
“response”

DTU Food, Technical University of Denmark

Hazard
characterization

Risk

characterization

IE
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A possible framework for AMR risk assessment

Hazard Adverse outcome RA Approach

Antimicrobials = Emergence |m) | Chemical RA

Resistant m) Spread and : :
bacteria human exposure ™ Jcrobla BA
Resistant Transfer to

determinants |™ |other bacteria |™ | ©enetic RA

Source: Salisbury et al., 2002. A risk analysis framework for the long-term management of
antibiotic resistance in food-producing animals.

DTU Food, Technical University of Denmark Joint International Symposium
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K-mer Counts for K-mer Counts for

One step forward in AMR hazard characterization gesmseen Reasas

CCATRAT

 Predicting phenotypic resistance from WGS

¥ o

e Susceptible vs resistant

 Whole genome considered

sesmsssesssnssans
S bbess R s s s s es

« Supervised machine learning | lv
@:::: M
AN

¥

Relevant K-mers, "The Classifier"

Unclassified Classified
Genome Genome

Source: Davis et al. 2016. Antimicrobial Resistance Prediction in PATRIC and RAST

26 DTU Food, Technical University of Denmark Joint International Symposium 30/11/17
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K-mer Counts for K-mer Counts for
Resistant Genomes Susceptible Genomes

One step forward in AMR hazard characterization

 Predicting phenotypic resistance from WGS

e Susceptible vs resistant

 Whole genome considered

smssemsssssssnssan e

e Supervised machine learning #

A ¥

Unclassified Classified
Genome Genome

Source: Davis et al. 2016. Antimicrobial Resistance Prediction in PATRIC and RAST

26 DTU Food, Technical University of Denmark Joint International Symposium 30/11/17
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AMR risk characterization

i + Consequences?
1 1
' Exposure !
1 l 1
1 1
| Infection AMR Carriage <—AMR emergence]
! l l I
1 I
l Spread )
l Disease prea :
l Probabilities?
Require treatment Time?
I Risk
I) - -
! I People affected: characterization
Delayed Treatment
treatment failure
Duration/ Mortality

severity

Adapted from Tine Hald

28 DTU Food, Technical University of Denmark Joint International Symposium 30/11/17
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AMR risk characterization

Exposure l
Infection AMR Carriage <— AMR emergence

l l Risk
Disease Spread characterization

l

Require treatment = e s m s m s ——— e U

| i AMR public health risk assessment to estimate: :

. | ! | l

Delayed Treatment ! i

treatment failure i « potential of multiresistance emergence and spread i
I ]

l l I+ severity of the consequences of exposure to E

: ! iresi I

Duration/ Mortality i multiresistance :

severity I« time from initial exposure to the emergence, spread and i

I I

! I

consequences of multirresistance

29 DTU Food, Technical University of Denmark Joint International Symposium 30/11/17
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Thank you for your attention

DTU Food, Technical University of Denmark

Number affected

O Disaster
AMR

Al 1

Most
Many

Cancer
Clustero

Some Death

Few o

Most
Sens.

Duration and
severity

|

Minutes Hours Months Years

None

Time to consequences

Joint International Symposium
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