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Focus of TRACE

e Understand the sources and behaviour of antibiotic resistance in natural surface waters
and infection routes

* Development of a novel detection technologies as (l) a on-site fast assay as well as (2) a
chip-based solution to detect a panel of antibiotic resistance genes (ARG) for waterborne
microorganisms, allowing time- and cost-efficient evaluation of AR patterns and the
associated risk for human health
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Scientific and technological results -
Characterization of impacted sites

5 study sites:

e Rivers
Saale (GE)
A.rrone (IT) e Other
Tiber (IT) Luetsche lake (GE)
Ter (SP) Ostia Beach (IT)




Scientific and technological results -
|dentification of biomarker genes

* Selected Genes
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~ Scientific and technological results -
Characterization of impacted sites

l'm
N
&

%

l
i=———

Girona (Spain)

Jena (Germany)

Roma (ltaly)

07/10/2015
15/04/2016
12/07/2016
13/12/2016
30/07/2015
13/10/2015
11/01/2016
14/03/2016
09/05/2016
20/07/2016
03/06/2015
07/09/2016
12/12/2016
25/04/2017
12/07/2017
24/08/2016
05/12/2016
18/04/2017
18/07/2017

| System | _Llocation | Date | ___Analyses' |

AB, ARB, ARG
ARB, ARG, MTG
ARB
ARB

AB, ARG

AB, ARG

AB, ARG

AB, ARG



Scientific and technological results —
Quantification of ARGs

Relative concentration of ARGs in water samples from impacted
(red) and non-impacted (blue) sites at the Luetsche Lake.
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Antibiotic exposition in river Ter samples
collected upstream and downstream sites

= Upstream

= Downstream

Antibiotic concentrations (ngfL)

Log (resistance gene copies /165 rRNA copies)

Scientific and technological results —
Quantification of ARGs

* Antibiotic pollution and abundance of ARGs in river Ter

Relative concentration of
ARGs in river Ter
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Scientific and technological results —
Quantification of ARGs

Normalized concentration of target ARGs in water samples from river Ter collected
upstream (blue) and downstream (red) the WWTP effluent discharge point in October

2015 (A) and April 2016 (B).
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Scientific and technological results —
On-site detection technology development — A: Fast Assay

* Simple semi-quantitative assay for point-of-need: gold nanoprobes-based
colormetric assay for marker pathogen and ARG identification

Gold Nanoprobes developed for the detection of ARGs
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Scientific and technological results —
On-site detection technology development — B: Microarray
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DNA sensing by LSPR
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TRACE chip

On-site detection technology development
® Microarray chip for 4 ARGs

Scientific and technological results —
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Scientific and technological results
Human Health Risk Assessment Model

Risk models for the prediction of environmental behaviour of
antibiotic-resistant microorganisms in surface waters

Drinking water model

Recreational water model

Irrigations model

ARB in WWTP Dilution/ decay Dilution into Human Human
effluent in river bathing site Consumption Exposure

. ¢ 1

2o\

Va®

N Jo 42 b
PRy 9&% iy

v = 2l

Wate




Collaboration, coordination, mobility — Interactions in

Consortium

FFCT and ICRA developed a straight collaboration during this period for the evaluation of the ARGs selected by
the consortium

Sample sharing, e.g. FOOD provides samples from Germany to ICRA and to IPHT
Ongoing site characterization for risk analysis with close collaboration between UCD, ICRA, Uniroma

All the necessary FASTA files for sequence alignment in order to develop LAMP primers and probes sequences
were provided by ICRA to FFCT

DNA templates and biological samples were provided by ICRA to FFCT for LAMP amplification and posterior
detection with Au-nanoprobes.

Exchange of PhD students between Uniroma and ICRA was done on May 2017. Particularly, one student from
Uniroma carried out a short stay (I-month) to learn the basics of qPCR technique for the quantification of ARGs in
samples collected at the Italian systems (Ostia beach, rivers Tiber and Arrone).

IPHT and FOOD are in direct contact related to practical protocols and PCR samples to validation.
ICRA and UNL provide samples for validation by FOOD/IPHT.

IPHT hold strong cooperation with all partners and coordinated the work as well as dissemination: home-page, joint
poster presentation, etc.

Four joint meetings were organized (ICRA, Uniroma, UCD and IPHT) with the participation of all project partners
and external attendees. The project was finished with a workshop with internal as well as external presentations.

— Strong interactions in consortium, both scientific
as coordinative, synergies
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Collaboration, coordination and mobility - Consortium

Meetings

15/06/2015 Girona

26/06/2016 e
29. ,

30/06/2017 Dublin

7-8/12/2017 Jena

All

All

All

All

Kick-Off meeting: Coordination of project activities and
research plan, Sampling schedule of model ecosystems
Coordination issues, Agreement on firsts deliverables, creation
of project website.

Mid-Term meeting: Preg . )
discussion, - Milestones fu y
activities and project delay =
Coordination issues, Disse &

conferences, stakeholder engagement, etc.)

Last-Term meeting: Presentat .
stakeholders, General discussion ffd
delays, Coordination issues, Diss:
publications, conferences, stakehs

Final meeting: Presentation of final results to partners and
stakeholders, pending tasks and problems unsolved, coordination
issues, publication and dissemination strategy.
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' Collaboration, coordination and mobility -
Conferences and Workshops, dissemination

* Participation on

e |9 conferences and workshops, national and international
* Home page:
* Linkedin group:

® Local actions adressing the general public



~ Stakeholder engagement

The UCD-team has 6 monthly project meetings and has a project steering group with
relevant stakeholders included.This includes representatives from the Irish EPA and Irish
water (water utility company in Ireland responsible for all water services including water
treatment and distribution).

TRACE workshop 2017 (Dublin): A workshop event focusing AR was organised by UCD
project partners at the University College Dublin on June 29t 2017.The event was attended
by stakeholders (Irish water, HSE), companies (H2Ozone, Quest Utility Services, Humanist
Times), general public, steering committee (EPA, King’s College London, Brunel University),
researchers (University Limerick, NUI Maynooth, NUI Galway, Ulster University, Dublin
Institute of Technology, Limerick Institute of Technology iCRAG, Trinity College Dublin) and
TRACE project partners (58 participants).

TRACE workshop 2018 (Jena): A workshop event was organized by IPHT on 7t
December 2017.This event was organized from the project coordinator with participation of
researcher (project partners as well as clinical and federal research institutes) and public
administrations (e.g., Thuringian water reservoir administration).
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Impact and knowledge output

Better knowledge on the impact of wastewater discharges on water systems (rivers Ter and Saale).
Antibiotic pollution in both rivers and the impact of the anthropogenic pollution on the river resistome and
mobilome were evaluated.

Effect of wastewater discharges on the concentration of virulent and antibiotic-resistant E. coli in rivers Ter,
Tiber and Arrone — risk to human health — elaboration of appropriate risk assessment models.

The Meta-analysis model can be used to improve accuracy of risk assessment models investigating the effect
of UV treatment on AR or AS E. coli. In particular risk assessment models examining the human exposure to
AR E. coli through drinking water or examining the impact of a WWTP located near a recreational site
could use this data to predict AR or AS E. coli concentrations found after UV treatment.The Drinking water
model can provide guidelines to water management entities on the best water treatment combinations to
use to provide the lowest human exposure to AR E. coli. The results can help set acceptable levels of AR E.
coli in source water for DWTP.This study shows how research and risk assessment can help improve water
regulations.The Irrigation model could help set local guidelines for producers on maximum permissible
contamination levels in irrigation water.The results provide recommendations on the most suitable post-
harvest treatment to use to reduce the human exposure to AR E. coli. The Recreational model also provides
information on the possible human exposure levels to AR E. coli through recreational water.

The nanoprobe based systems still require optimization but may be used for fast screening of the relevant
ARGs in water beds. LAMP is a robust, yet simpler, alternative to PCR based approaches and the Au-
nanoprobes potentiate specificity of amplification analysis. The system might be of use for the fast screening
at point of need without the need for cumbersome equipment. Possible translation to a SME is under
evaluation.

The (nano)technological development of a plasmonic-array chip platform for multiplex molecular detection
with optical readout allows for an effective discrimination of several targets in one assay,

surpassing limitations of established analytical approaches in that field.

L&)
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Continuation of the work in the future

Application “A sustainable strategy for the self-management of water safety
in low resource settings using a rapid pathogen screening - Path2Safe"
submitted in the research funding initiative PRIMA (partnership for
research and innovation in the Mediterranean area) in March 2018,

o
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A sustainable strategy for the self-management of water safety in low resource settings
using a rapid pathogen screening - Path2Safe

rural water reservoir community

Path2safe  Safe Water
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A sustainable strategy for the self-management of water safety in low resource settings
using a rapid pathogen screening - Path2Safe
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Continuation of the work in the future

Application “A sustainable strategy for the self-management of water safety in low
resource settings using a rapid pathogen screening - Path2Safe submitted in the
research funding initiative PRIMA (partnership for research and innovation in the
Mediterranean area) in March 2018.

An international project “One Platform- Multiple biomarker detection of Rheumatoid
Arthritis - RA-detect’ between the partners from Lisbon and Jena on antibody-based
multiplex detection (with the microarray analyser of TRACE) is running.

DAAD proposal “Plasmonic nanoarray for detection of prostate cancer
biomarkers” between UNL and IPHT is starting at 2018.

Additionally, several bilateral communication channels between the project partners
were established und continued in future, as the joint participation conferences and
meetings.
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