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NATURAL

Vaz-Moreira et al., 2018



Clatworthy et al., 2007. Nature Chemical Biology 3, 541 - 548

NEW ANTIBIOTICS … 

NOVEL RESISTANCE TYPES … 



Nature Chemical Biology  8, 2–5 (2012) 



Nature Reviews Drug Discovery  12, 371–387 (2013)

ANTIBIOTICS HAVE THREE MAJOR HIGHLY SPECIFIC

TARGETS IN BACTERIAL CELLS

Cell wall

DNA
Ribosoms



FIVE GENERAL RESISTANCE MECHANISMS

HUNDREDS OF RESISTANCE GENES…
Adaptado de:  http://www.reactgroup.org/toolbox/category/understand/the-rise-and-spread-of-
antibiotic-resistance/resistance-mechanisms-in-bacteria// (Julho 2016)

http://www.reactgroup.org/toolbox/category/understand/the-rise-and-spread-of-antibiotic-resistance/mutation-and-selection/


HORIZONTAL

GENE TRANSFER

Andersson & Hughes, 2010, Nature Reviews Microbiology 8:260-271

HUNDREDS OF RESISTANCE GENES THAT CAN BE PROPAGATED



SELECTIVE PRESSURES

Adaptado de:  http://www.reactgroup.org/toolbox/category/understand/the-
rise-and-spread-of-antibiotic-resistance/mutation-and-selection/ (Julho 2016)

RESISTANT 
BACTERIA

SUSCEPTIBLE 
BACTERIA

RESISTANCE BECOMES PREDOMINANT
SUSCEPTIBLE DIE

+
RESISTANT MULTIPLY

HUNDREDS OF RESISTANCE GENES THAT CAN BE PROPAGATED UNDER THE EFFECT OF…

http://www.reactgroup.org/toolbox/category/understand/the-rise-and-spread-of-antibiotic-resistance/mutation-and-selection/


Vaz-Moreira et al., 2018

O’Neil et al. 2016

ANTIBIOTIC CONSUMPTION 

SELECTIVE PRESSURE



ANTIBIOTIC CONSUMPTION PER CAPITA

Fonte: Center for Disease Dynamics, Economics & Policy, CDDEP

2000
2010



Fonte: Center for Disease Dynamics, Economics & Policy, CDDEP

ANTIBIOTIC CONSUMPTION FOR ANIMAL PRODUCTION BY 2030



THE COMPLEX NETWORK OF RESISTANCE PROPAGATION…

Davies and Davies Microbiol. Mol. Biol. Rev. 2010;74:417-433

WATER

HABITAT
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It is estimated that more than 1010 to 1014 copies of genes encoding 

for tetracycline or beta-lactam resistance are released per minute to 

the surrounding environment

Manaia et al., 2016. Applied Microbiology and Biotechnology. 100:1543–1557



WA20 TWW
SVu32 Columbidae

WA23 stream
WZ5 stream

A

SG20 Larus fuscus
SG16 Larus fuscus (Ile80Ala84)

WA7 RWW
SG15 Larus fuscus (Ile80Ala84)

SG7 Larus fuscus
SG5 Larus fuscus

WA24 RWW (aac(6')-Ib-cr, qnrS)
SG3 Larus fuscus

SP480 Larus michaelis
WZ2 stream

SP281 Larus michaelis
SP422 Larus michaelis (Leu83Asn87)

BR8 Hieraaetus pennatus
BR6 Buteo buteo

BR7 Hieraaetus pennatus
BR1 Buteo buteo
WA12 TWW

SP367 Larus michaelis
SP254 Larus michaelis (Leu83Asn87)

BR5 Buteo buteo
BR4 Hieraaetus pennatus
BR3 Buteo buteo

WA8 RWW (Leu83, Arg80)
BR9 Milvus migrans

SG6 Larus fuscus
SG12 Larus fuscus

B

SG9 Larus fuscus (aac(6')-Ib-cr)
SG8 Larus fuscus (aac(6')-Ib-cr)

SG11 Larus fuscus (aac(6')-Ib-cr)
SG10 Larus fuscus (aac(6')-Ib-cr)

SG4 Larus fuscus (aac(6')-Ib-cr)
WA9 TWW

SP238 Larus michaelis (Leu83, qnrS)
WA19 RWW

WA15 TWW
WA5 TWW

SP444 Larus michaelis

C

WA18 RWW
WZ10 TWW (Leu83)

WA2 stream (Leu83)
SP418 Larus michaelis

WA16 RWW
WZ4 stream

SG17 Larus fuscus
WZ9 TWW (Ile80Gly84)

WA10 TWW
UP2 stream

SG14a Larus fuscus (aac(6')-Ib-cr)
WZ11 TWW

WA6 TWW (Ile80Gly84)
SV32 Larus argentatus (aac(6')-Ib-cr, Ile80Gly84)
SV83 Larus argentatus (Ile80Gly84)
SV230 Larus argentatus (Ile80Gly84)

D

WZ6 RWW
SVu22 Laridae
UR2 stream

WZ3 stream
SG1 Larus fuscus (aac(6')-Ib)

SG19 Larus fuscus (aac(6')-Ib-cr)

E

WZ7 RWW
WA21 TWW
SG2 Larus fuscus (Leu83Tyr87, Arg80)

SG18 Larus fuscus (aac(6')-Ib-cr)
BR19 Bubo bubo (Leu83Gly87)

BR12 Aegypius monachus (Leu83Gly87)
BR15 Accipiter nisus (Leu83Gly87)

BR17 Hieraaetus fasciatus (Leu83Gly87)
BR16 Buteo buteo (Leu83Gly87)
BR18 Bubo bubo (Leu83Gly87)

BR10 Aegypius monachus (Leu83Gly87)
BR11 Aegypius monachus (Leu83Gly87)

BR13 Strix aluco (Leu83Tyr87)
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Quinolone resistant Escherichia coli
birds of  prey, water environments and gulls 

Portugal, Spain and Sweden

Vredenburg et al., 2014. Environ Microbiology, 16(4):995-1004; 

Gulls

Wastewater

Surface water

Birds of prey

Natural reserve

Varela et al., J Global Antimicrobial Resistance, 3:286-289 Varela et al. 2015. FEMS Microbiol Ecol. 91(5).;  

Hospital Effluent

Hospital Effluent

Hospital Effluent

Hospital Effluent

ST131

vanA
blaCTXM-15
…
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ANTIBIOTIC

RESISTANCE CYCLE

Human residues

Animal production

Hospital effluents

Freshwater

Food products

Leisure activities

ENVIRONMENT

HUMAN ACTIVITIES

Manaia. 2018. Royal Chemistry Society Bulletin



Mitigation measures





I. IDENTIFICATION OF CRITICAL CONTROL POINTS

Berendonk et al. 2015 Nature Reviews Microbiology. 13(5):310-7. 

Davies and Davies Microbiol. Mol. Biol. Rev. 2010;74:417-433

INCOME OF ANTIBIOTIC RESISTANT BACTERIA

BACTERIAL GROWTH

BIOFILM/CELL AGGREGATES

SELECTIVE PRESSURES

ADAPTATIVE MUTATIONS

HORIZONTAL GENE TRANSFER
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Antibiotic resistance genes

J Hazard Mater. 2017 5;323(Pt A):434-441.

WASTEWATER DISINFECTION



METHODS HARMONIZATION

LOWER THE QUANTIFICATION LIMITS

EXPAND ARG DATABASES

ENVIRONMENT
+ 
ANIMAL
+
HUMAN

Berendonk et al. 2015 Nature Reviews Microbiology. 13(5):310-7. 

Davies and Davies Microbiol. Mol. Biol. Rev. 2010;74:417-433

II. ONE SURVEILLANCE FOR ONE HEALTH



Risks of transmission from the 

environment to humans



ASSESS THE RISKS OF TRANSMISSION FROM ENVIRONMENT TO

HUMANS

Manaia, Trends Microbiol. 2017 25(3):173-181 

Step of risk assessment Description of the step

 Hazard identification (A)

Is a given environmental compartment a potential 

source of ARB&ARG?

Identification of ARB&ARG belonging to the 

contaminant resistome i.e. that resultant from 

human activities 

 Hazard characterization (B)

The potential environmental source identified in A 

harbours ARB able to colonize humans, ie vectors? 

The qualitative and/or quantitative evaluation 

of the occurrence of ARB able to colonize 

humans and assessment of the potential 

adverse associated effects 

 Exposure assessment (C)

How probable is the colonization by the vectors 

identified in B?

The qualitative and/or quantitative evaluation

of the probability that vectors from 

environmental sources can affect somebody

 Risk characterization (D)

How dangerous is it?

D = A x B x C

Estimation of the adverse effects likely to 

occur, based on the combination of hazard 

identification, hazard characterization and 

exposure assessment  



VECTOR BACTERIA ARE KEY ELEMENTS ON THE TRANSMISSION TO HUMANS

Manaia, Trends Microbiol. 2017 25(3):173-181. 



Vaz-Moreira et al., 2014. FEMS Microbiol Rev. 38:761-78

POSSIBLE VECTORS?
WASTEWATER

HUMANS

Escherichia/Shigella
Pseudomonas
Acinetobacter
Klesbsiella
Enterococcus
Aeromonas



POSSIBLE ROUTES OF TRANSMISSION?

INFECTIOUS DOSE?

Manaia, Trends Microbiol. 2017 25(3):173-181. 



Take home messages

 Antibiotic Resistance is spread over Humans, Animals and the Environment

 Mitigation measures include
 An integrated surveillance of AR in the HUMAN-ANIMAL-

ENVIRONMENT nexus – ONE HEALTH PERSPECTIVE 
 Improved antibiotic use
 Improved effluents management and treatment

 The development of risk assessment frameworks is urgently needed
 Identification and characterization of exposure pathways
 Identification of vector bacteria and evaluation of infectious doses



Because antibiotic
resistance is a global 
issue…



On-going projects on antibiotic 

resistance in wastewater (and its reuse)

HEARD

WG5

NORMAN

NEREUS

ANSWERS

StARE

OVERSEAS

EU

EU

EU

US
EU

Asia

EU
US

Australia

Asia



Bacterial diversity group
ESB-UCP, Porto, Portugal



Partners (EU) 

COST-European Cooperation in Science and Technology, to the 

COST Action ES1403: New and emerging challenges and 

opportunities in wastewater reuse (NEREUS) - http://www.nereus-

cost.eu/

Olga Nunes (Portugal)

Paulo Costa (Portugal)

Manuela Caniça (Portugal)

Adrian Silva (Portugal)

Sérgio Silva (Portugal)

Isabel Henriques (Portugal)

Despo Fatta-Kassinos (Cyprus)

Thomas Berendonk (Germany)

Thomas Schwartz (Germany)

José Luis Martinez (Spain)

Sara Rodriguez (Spain)

Marko Virta (Finland)

Fiona Walsh (Ireland) 

Henning Sörum (Norway)

Eddie Cytryn (Israel)

Christophe Merlin (France)

Luigi Rizzo (Italy)

Norbert Kreuzinger (Austria)

Network of reference laboratories, research centres and related 

organisations for monitoring of emerging environmental substances  -

http://www.norman-network.net/?q=node/19

Stopping Antibiotic Resistance Evolution
https://stareeurope.wordpress.com/

UID/Multi/50016/2013-CBQF

OVERSEAS (FLAD 298/2015)

ANtibioticS and mobile resistance elements in WastEwater Reuse 

applications: risks and innovative solutions – ANSWERS. European 

Commission Horizon 2020 - MSCA-ITN-2015-ETN: Marie Sklodowska-

Curie Innovative Training Networks (ITN-ETN) 

https://stareeurope.wordpress.com/

