Berendonk

Thomas U. Berendonk I https://tu-dresden.de/hydrobiologie I limnologie@tu-dresden.de thomas.berendonk@tu-dresden.de I Eﬁ?&’#éﬁ'ﬁ?

Abwasser und resistente Keime: Kann das uberwacht werden?

Alan Elena, Uli KlIimper, David Kneis, Magali del Cruz Barron, Faina Tskhay, Diala Konyali

Thomas Berendonk

Institut fur Hydrobiology

Technische Universitat Dresden

b
TECHNISCHE 7@.\"’&
@ UNIVERSITAT Institut far

DRESDEN Hydrobiologie

DRESDEN




Relevanz

RICHTLINIE (EU) 2024/3019 DES EUROPAISCHEN PARLAMENTS UND DES RATES
vom 27. November 2024

iiber die Behandlung von kommunalem Abwasser

(Neufassung)

Artikel 17

Uberwachung von kommunalem Abwasser

Problembeschreibung

(3) [Fiir Siedlungsgebiete mit 100 000 EW und mehr stellen die Mitgliedstaaten bis zum letzten Tag des zweiten Jahres
nach Erlass des Du1chfuhrungsx echtsakts im Sinne von Unterabsatz 2 sicher, dass antimikrobielle Resistenzen im
kommunalen Abwasser iiberwacht werden.

Zur Erweiterung des Wissens iiber die wichtigsten Quellen antimikrobieller Resistenzen sollte eine Verpflichtung zur
Uberwachung des Vorhandenseins antimikrobieller Resistenzen im kommunalen Abwasser eingefiihrt werden, um
unsere wissenschaftlichen Erkenntnisse auszubauen und moéglicherweise in Zukunft angemessene Manahmen zu
ergreifen.
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Prognose Anzahl Sterbefalle durch antibiotikaresistente Erreger (AMR) pro Jahr
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Zeitspanne zwischen Einfuhrung der Antibiotika und der Beobachtung erster Resistenzen

,Die Stille Pandemie®

The rise of resistance
Bacteria have developed resistance to every antibiotic discovered so far, sometimes even before the drug reached the market.

The appearance of resistance does not mean that a drug has become completely useless.
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Problembeschreibung
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Weltweite Datenbank zur Nachverfolgung von Antibiotikaresistenzen

o For 2024 data, please check our new website (in development) | VIEW |

| Global Database for Tracking Antimicrobial Resistance (AMR)
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Abwasser Epidemiologie - Monitoring der Resistenzen im Abwasser

Virus monitoring ist als Konzept vergleichweise “einfach”

Covid Viren zeigen im Abwasser bzw. der Umwelt keine Dynamik

Antibiotika Resistenz zeigt eine wesentlich komplexere Dynamik

Problembeschreibung

Epidemiologische Studien beruhen im Wesentlichen auf kulturbasierten Ansatzen

Aber nur 10% der Umweltbakterien konnen kultiviert werden
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Evolution eines Bakteriums (E. coli)
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Evolution eines Bakteriums (E. coli)

10000
3000
1000

|- 300
100

Kontrolle - Monitoring
Mutant MIC / WT MIC

<3 A\ AMAS

0 3 30 300 3000 300 30 3 0
Antibiotikum - Konzentrationen

Michael Baym et al. Science 2016;353:1147-1151
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Resistente Bakterien und Gentransfer

Anthropogene Aktivitaten
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Mogliche Methoden des AMR monitoring
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Kontrolle - Monitoring
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1100 Antibiotikaresistente individuelle Bakterien (E. coli) des Abwassers
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Mogliche Methoden des AMR monitoring

41 Resistente Bakterien im Winter

Kontrolle - Monitoring
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Mogliche Methoden des AMR monitoring

Kulturbasiert (langsam)

Molekular

Quantifizierungsanalysen (schnell)

Quantifikation Resistenzgene
Q-PCR - high throughput gPCR
digitale PCR

Kontrolle - Monitoring

Sequenzierungstechnologien (hoher bioinformatischer Aufwand)
Metagenomik (long or short read)

Epic-PCR

Hi-C linkage

Sensor Technologien (erst am Anfang)
Optical, DNA or Proteinbased
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Kontrolle - Monitoring

Thomas U. Berendonk

https://tu-dresden.de/hydrobiologie

Nochmal:

I limnologie@tu-dresden.de

thomas.berendonk@tu-dresden.de

| ©

TECHNISCHE
UNIVERSITAT
DRESDEN

&
® ~
Institut fir

Hydrobiologie



>
IS
(.
=
c
@)
S
1
R)
IS

*E P

®))

N Is!

N’

1

~

c

QL

aQ

e)

Y

Thomas U. Berendonk I

Quantifizierung der

Reduktion der Resistenzgene

B avg. remaining copies/L (log) avg. removed copies (10-fold change)

Quinolone m -1.8
MLSB . 3.4M -33
Aminoglycoside 2.2M -2.4
Vancomycin 2.2M -1.8
Tetracycline . 1.3M -2.5

Beta-Lactam Mk =2.2

Phenicol

Sulfonamide -1l

10K 100K ™ 10M 100M 1B 108 100B

(Loq)

Resistenzgene und der Pathogene

Kopien/L (log)

Pathogene Bakterien

B remaining copies/L (log) removed copies (10-fold change)

E.coli 145k -2.3

A. baumannii : -2.6
K. pneumonice -2.2
Legionella 1.5
10K 100k 1M
(Loa)
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Zeitplan

Die Richtlinie trat am 1. Januar 2025 in Kraft.
ChatGPT Die Mitgliedstaaten miissen die Bestimmungen bis spatestens
31. Juli 2027 in nationales Recht umsetzen.

Die Kommission erlisst bis zum| 2. Juli 2026 Durchfiihrungsrechtsakte] um eine Mindesthdufigkeit fiir Probenahmen und
eine harmonisierte Methode zur Messung antimikrobieller Resistenzen im kommunalen Abwasser festzulegen, wobei sie
mindestens alle verfiigbaren Daten der nationalen Gesundheitsbehorden und der fiir die Uberwachung antimikrobieller
Resistenzen zustindigen nationalen Behorden beriicksichtigt. Diese Durchfithrungsrechtsakte welden gemifl dem in
Artikel 28 Absatz 2 genannten Priifverfahren erlassen.

The End

Artikel 22

Informationen iiber die Uberwachung der Durchfiihrung

a) bis zum|31. Dezember 2028 einen Datensatz mit Informationen, die gemafS Artikel 21| erhoben wurden, einschlieflich
— Informationen tiber die Parameter gemif Artikel 21 Absatz 1 Buchstabe a und die Priifergebnisse in Bezug auf die in
Anhang I Teil C festgelegten Kriterien fiir die Erfillung/Nichterfiillung der Anforderungen, und aktualisieren diesen
Datensatz danach jdhrlich,

h) bis zum |31. Dezember 2030 einen Datensatz mit den in Artikel 17 | Absitze 1 und 3 genannten Uber-
wachungsergebnissen und aktualisieren diesen Datensatz danach jahrlich,
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Zusammenfassung - Ausblick

The End

Das Monitoring antimikrobieller Resistenzen wird auf kulturbasierten und
molekularen Methoden basieren.

Eine Standardisierung der Methoden ist unerlasslich

(dringender) Bedarf an einem einheitlichen AMR-Datenmanagementsystem flr den
— Umweltbereich, das eine sektoribergreifende Datenintegration ermdglicht und
Forscher, Aufsichtsbeh6rden und Betreiber von Klaranlagen unterstitzt.
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The End

GEFORDERT VOM

% Bundesministerium JPI AMR EMBARK
fiir Bildung DFG  1p1 AMR - TEXAS, SEARCHER

und Forschung Deutsche

Forschungsgemeinschaft

01KI2401 EXPLORE
01KI2128 ACRAS-R
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The End

Danke fur die Aufmerksamkeit

Thomas U. Berendonk
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Kontrolle - Monitoring

Mogliche Methoden des AMR monitoring

Kulturbasiert

Cefotaxim Resistente Bakterien (Coliforme) - WWTP globale Studie (54 WWTP)
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Marano et al. 2020 Environment International
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The ISME Journal, 2024, 18(1), wrae243

..f : =\i https://doi.org/10.1093/ismejo/wrae243
L 1 0 J Advance access publication: 10 December 2024
hAL/ 4 Original Article

2 Bacteria of the order Burkholderiales are original
2 environmental hosts of type II trimethoprim resistance
genes (dfrB)
David Kneis*, Faina Tskhay, Magali de la Cruz Barron, Thomas U. Berendonk
Dresden University of Technology, Institute of Hydrobiology, 01062 Dresden, Saxony, Germany
https://doi.org/10.1093/ismejo/wrae243
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,Die Stille Pandemie®

The End

GBD super-region Resistance
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Mogliche Methoden des AMR monitoring

Kulturbasiert

Molekular
Quantifikation Resistenzgene
Q-PCR - high throughput gPCR
digitale PCR

The End

Sequenzierungstechnologien (+Einzellzellsequenzierung)
Metagenomik (long or short read)

Epic-PCR

Hi-C linkage

Sensor Technologien
Optical, DNA or Proteinbased
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Surveilance of resistance in the environment
The receiving water

R-Lactamase - Penicillin
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Mogliche Methoden des AMR monitoring

Kulturbasiert

Bsp.: Escherichia coli
DIN EN ISO 9308-2:2014 DE MPN

Ursprungliche Motivation eine Fakalverunreinigung zu detektieren

Kontrolle - Monitoring

Geeignet um eine E.coli — Coliforme Belastung abzuschatzen ?

Resistenten Anteil abschatzen ?
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Mogliche Methoden des AMR monitoring

Molekular
Quantifikation Resistenzgene

Quantifizierung als Anzahl der Genkopien pro 16S (,,Bakterienmasse")
.relative Anzahl der Resistenzgene™

Quantifizierung als Anzahl der Genkopien per Volumen

Kontrolle - Monitoring

~Absolute Anzahl der Resistenzgene™ (Konzentration)

5 Quantification  Resistance
i of ARG/ARB Situation
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Relevanz

nature communications 8
Article https://doi.org/10.1038/s41467-022-34312-7
- Genomic analysis of sewage from 101
§ countries reveals global landscape of
= antimicrobial resistance
o
\ Received: 25 July 2022 Patrick Munk @', Christian Brinch @', Frederik Duus Mealler',
o Aooopted: 20 Ootobor 2022 m N. Petersen’, Rene S. l;:ndﬁksan‘. An1ne Brm mr:: )
E Published online: 01 December 2022 Fanny Bg:l?f:::: Global Sewa‘;ve Surveilance Consortium®, >
-'g a
. .
Abundance
Jetl5
2a+05
1e+05

b

Thomas U. Berendonk I https://tu-dresden.de/hydrobiologie I limnologie@tu-dresden.de thomas.berendonk@tu-dresden.de I @Eﬁ?&éﬂéﬁ‘ﬁ S

Institut fir
DRESDEN Hydrobiologie



Kontrolle - Monitoring

Thomas U. Berendonk I

Kulturbasiert

Escherichia coli — coliforme
Vergleich Chomagar - Colilert
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Mogliche Methoden des AMR monitoring

120330

111990

54750

0 464?59

Idexx tivation

Collforms

20400

50'

Cul

41000
24196
15531
52. 9 06329
tivation Idex
Enterococci

Unterschiedliche Farben sind verschiedene Probenahmestellen an der Klaranlage
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Mdogliche Methoden des AMR monitoring

o Kulturbasiert

~ Anpassung des Colilert an AMR Detektion schlug fehl

32 16 8 4 2 1 0.5 0.25 0.125 0.0625 0.03125 0

PR i ——

Kontrolle - Monitoring

IDEXX
Colilert
|
Mueller-
Hinton
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Kontrolle - Monitoring

Thomas U. Berendonk

ARG copies hormadlised to 165
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Molekular

Quantifikation Resistenzgene

Beispiel: Anaerobic MBR Spanien

Normalised ARG distribution in black water treatment process
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Mogliche Methoden des AMR monitoring
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Removal (%)
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Kontrolle - Monitoring

relevante Parameter fiir die offentliche Gesundheit zu ermitteln, die zumindest im Zulauf kommunaler Abwasser-
behandlungsanlagen zu {iberwachen sind, unter Beriicksichtigung der verfiigbaren Empfehlungen unter anderem des
Europiischen Zentrums fiir die Pravention und die Kontrolle von Krankheiten (ECDC), der Européischen Behorde fiir die
Krisenvorsorge und -reaktion bei gesundheitlichen Notlagen (HERA) und der Weltgesundheitsorganisation (WHO),
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Kontrolle - Monitoring

Chemical

Biological

Contaminant group

Mogliche Methoden des AMR monitoring

Kontrollen - Behandlungstechnologien

@ DSWAP Removal Efficiency Data: X =

& limno-live hydro.tu-dresden.de/dkneis/prototypes/dswap/

DSWAP Removal Efficiency Database

High-level summaries Tabular views S4L mode

Reported value Unit  Definition
Percentage removal efficiency % PRE = (Cy - Coe)
Log removal value - LRV = logpfCon/ Cons)

==»

Thomas U. Berendonk I

https://tu-dresden.de/hydrobiologie

Impressum

Legal aspecls

I limnologie@tu-dresden.de

thomas.berendonk@tu-dresden.de
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This is the web interface to the database of removal efficiencies observed in wastewaler treatment. It represents the knowledge reported in the scientific literature as of 2022 with regard to selected chemical or biological contaminants and treatment

The unit of values reported differs between chemical contaminants (e g. antibiotics or other drugs) and biclogical items (such as genetic markers). The values are computed from concentrations (or loads) in a treatment module's input (C,,) and output
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Mogliche Methoden des AMR monitoring

Kontrollen - Behandlungstechnologien

@ DSWAP Removal Efficiency Data: X == o o X

(— C ] i|r".r1c-l.'.e.h}'dro.l-,l-d.'esden.de Ikneis/prototypes/dswag :'I- h* (ﬁ ‘ e

DSWAP Removal Efficiency Database

TechnologyGroup »

Kontrolle - Monitoring

TechnologyGroup Records

Conventional activaled siudge trealment 114
Fenton treatment 5
Forward Osmosis 3
Free Chiorine 25
Granular activated carbon treatment 22
Membrane Bioreactor 46
— Microfiltration 6
MNano Filtration 7
Ozonation trealment 68
Ozonation'H202 treatment 4
Photo Fenton treatment AT
Reverse Osmosis 36
Sand Filtration 15
Sewage treatment plants 36
UV combined with H202 treatment 94
https//limno-lve hydro. tu-dresdende/dikneis/prototypes/dewap/Stab-4270-2 -
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Mogliche Methoden des AMR monitoring

Kontrollen - Behandlungstechnologien

Beported rarged for Sulphamethexasale
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Phota Ferfon treatmsnt in=101
Conventiona activated shudge trestrment n=23)
e aten raprment (m=11)
Ko FRration n=1)
QionabionHI0 2 trestment (Rl
Frae Chlarir {fi=]1]
Microttrabon (n=1}
Membrane Bioreactor (n=3]
LitbradiRration ire2]
Sard Fltration (n=1]

Kontrolle - Monitoring
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Ramoval effoiency [

Reported ranges for Suffonamide resistance gene sull

Reverse Osmosis (n=8)

Ozonation treatment (n=10)

Fenton treatment (n=3)
Membrane Bioreactor (n=8)
UV treatment (n=15)
E— Free Chlcrine (n=5)
Ultrafiltration (n=10)
Photo Fenton treatment (n=4)
Conventional activated sludge treatment (n=7)
Sewage treatment plants (n=12)

UV combined with H202 treatment (n=4)
Granular activated carbon treatment (n=4)

-2 0 2 4 6 8

Log removal value
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Fazit

Thomas U. Berendonk

Zusammenfassung und Schlussfolgerungen

Antibiotikaresistenz im Abwasser ist ein relevantes Problem

Zum Monitoring bestimmter KontrollmaBnahmen (e.g. Aktivkohle, Membran, Ozon)
stehen unterschiedliche Werkzeuge zur Verfligung

Datenlage zu MaBnahmen ist noch unubersichtlich

Kulturbasierte Ansatze (Leitl. EU-Verordnung 2020/741, EU WasserWVVO 2022/C 2989/01)
enstprechende Indikatorsysteme existieren (ABER mussen evtl. angepasst werden)
Wirt — Resistenzgen Verhaltnis am besten dargestellt
Im klinischen Bereich existieren Normierungen

Q-PCR (real time,chip, dd-PCR) Berendonk et al. 2015, Abramova et al. 2023 Alygizakis et al. 2024
Analytisch schnellster Ansatz

gut zu normieren (e.g. ISO)
Beste Sensitivtat fur “niedrige” Konzentrationen

Metagenomik

I https://tu-dresden.de/hydrobiologie I limnologie@tu-dresden.de thomas.berendonk@tu-dresden.de I ﬂﬁ?&sﬂgﬁﬁ
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Monitoring — (passive ?) Surveillance

Was nun ?

Derzeit am wahrscheinlichsten das sich entweder ein
kulturbasierter oder ein mit g-PCR kombinierter Ansatz

durchsetzt.

Fazit

In den USA scheint die EPA aufgrund der Covid-Analysen
eine g-PCR System zu etablieren.

-
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DANKE an meine AG, besonders Dr. Klimper, Dr. Kneis, Dr. De LaCruz, Mrs. Faina Tskhay
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Danke fur Ihre Aufmerksamkeit

The End

Lowhat

Thomas U. Berendonk I https://tu-dresden.de/hydrobiologie I limnologie@tu-dresden.de thomas.berendonk@tu-dresden.de I ﬂﬁ?&sﬂgﬁﬁ

Institut fir
DRESDEN Hydrobiologie




The End

Thomas U. Berendonk

Resistant Escherichia coli and their genome association
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PC1 (49%)
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Colour legend for PCA, reservoir numbers in
panels, type of reservoir (human [H],
environmental [E], food [F] and animal [A])

* 1 H-general population
* 2 H-clinical UTls
* 3 H-clinical blood
4 H-clinical faecal
5 H-clinical respiratory, wounds, other
* 6 H-broiler farming community
7 H-pig farming community
* § E-wastewater
* 9 E-surface water non-recreational
* 10 E-surface water recreational
11 F-chicken meat at retail
12 F-chicken meat at slaughterhouse
* 13 F-beef at retail
* 14 F-veal calf meat at slaughterhouse
* 15 F-turkey meat at retail
16 A-broilers
« 17 A-laying hens
* 18 A-dairy cattle
# 19 A-veal calves
* 20 A-pigs
* 21 A-wild birds
+ 22 A-dogs

Dorado-Garcia et al. 2018
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Was bedeuten 10-3 resistance gene /16S/ml ?
Jedes 1000 te Bacterium besitzt ein Resistenzgen (ARG)

The End

Bakterienkonzentration im Ablauf : ~10° Zellen/ml
-> 103 Zellen mit einem Resistenzgen/ml (106/L)

Volumen des Ablaufs: ~ 108 L/d (10> m3)
-> 1014 Zellen mit einem Resistenzgen /d

Bacterium mit ARG : Umweltbakterium
1 : 10 - 10000

oder
104 Resistenzgene (ARG) pro ml im Klaranlagenablauf ?

c. 101> Resistenzgenkopien (pro Gentyp) pro Tag verlassen die

Kldranl
Voolaid, Donner, Vasileiadis, and Berenglonj=x
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Ciprofloxacin Resistance in Domestic Wastewater
Treatment Plants

Celia M. Manaia «- Ana Novo » Bruno Coelho «
Olga C. Nunes

Water Air Soil Pollut (2010) 208:335-343 339
o
Lﬁ a 10°
lE . s TF
Ll abaaabh abccc B SAF
= 08 aaaaa EAL
g ] abaaa oAnL
4
b 10 abcrec
107
10° T
10'H 1z
Heterotrophs Heterotrophs Resistant Resistant |Entercbhacteria Enterobacterial Resistant Resistant
[Raw YW) [Treated WW) | Heterotrophs Heterotrophs (Raw W)  [Treated WW)] | Enterobacteria Entercbacteris
[Raw Wi} {Treated WW) {Raw WW) (Treated WW)
I

» Independently of the size or type of treatment
used domestic wastewater treatment plants
discharged per day at least 1010-1014 colony
forming units of ciprofloxacin-resistant bacteria®
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B. Suwurveillance and monitoring of AMR and antimicrobial consumption (AMC)

HEREBY ENCOURAGES MEMEBER STATES TO:

The End

Thomas U. Berendonk

5.

Close existing surveillance and monitoring gaps and ensure completeness of data, including real-time data and timely access
to data where appropriate by 2030, on both AME. and AMC at all levels (e.g. community, hospitals and long-term care
facilities) to support the prudent use of antimicrobials 1n human health, by:

a.

https://tu-dresden.de/hydrobiologie I limnologie@tu-dresden.de thomas.berendonk@tu-dresden.de I @

ensuring, in coordination with ECDC, that surveillance of AMR in bacteria from humans encompasses not only
bloodstream and cerebrospinal fluid 1solates (invasive isolates) but also all other 1solates from clinical microbiology
laboratories, and that the corresponding data are regularly reported to the ECDC to rapidly detect and better gauge the
scale and spread of antimicrobial resistant pathogens within and across Member States;

requiring, taking into account any methodology established at EU level, that infections cansed by critical (high negative
health impact) multidrug-resistant organisms resistant to last line treatments, e.g. carbapenem-resistant Acinetobacter
baumarnii, carbapenem-resistant Enterobacteriaceae (e.g. Klebsiella pneumoniae, Escherichia coli) and Candida auris,
are notifiable diseases under national legislation. Member States can decide if other resistant organisms are notifiable,
according to the national situation and need;

expanding surveillance of AME in humans to pathogens with emerging or established AMR_ due to their exposure to
substances in the environment, in particular those used 1n plant protection products or biocidal products;

collecting data on AMC, in humans at the appropriate levels to allow the monitoring of antimicrobial prescribing and to
provide timely feedback on prescription trends and patterns involving, among others, prescribers, pharmacists and other
parties collecting such data, and where possible and appropriate using EU level digital infrastructure.

developing integrated systems for the surveillance of AMR and AMC encompassing human health, animal health, plant
health, food, wastewater and the environment (in particular water and soil), taking into account the Commission
feasibility studv on integrated systems, the work of the Quadnpartite QTS-AIS expert group on Integrated

Surveillance (*°) as well as other initiatives already launched, such as the WHO Tricyle protocol for an integrated global
surveillance on ESBL-producing E. coli across the human, amimal and environmental sectors. Such integrated and
continuous intersectorial monitoring should be designed to efficiently and rapidly detect emerging resistant infections
and outbreaks but equally as regards soil and water bodies to determine the presence of AME. genes and antimicrobials,
the trends and their toxicity. The results of this surveillance should inform effective strategies to tackle AMRE across
sectors and at appropriate administrative levels.
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The End

Thomas U. Berendonk

Commission Notice Guidelines to support the application of Regulation 2020/741 on minimum requirements for water reuse 2022/C 298/01

C/2022/5489
0J C 298, 5.8.2022, p. 1-55 (BG, ES, CS, DA, DE, ET, EL, EN, FR, GA, HR, IT, L\ LT, HU, MT, NL, PL, PT, RO, SK, 5L, Fl, 5V)

6. Additional requirements (KRMG®&) - the outcomes of the rnisk assessment might identify additional or stricter water quality
and monitoring requirements than those from Section 2 of Annex I of the Regulation.

If additional parameters or limits are included, this should be based on the outcomes of the risk assessment and supported by
scientific evidence that they oniginate from the water reuse system and not from other sources.

These additional parameters may also include the following pollutants: heavy metals, pesticides, disinfection by-products,

pharmaceuticals, substances of emerging concern, bacteria that exhibit anti-microbial resistance.
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(23)  The Union recognises the importance of tackling the 1ssue of antimicrobial resistance
(AMR) and adopted in 2017 the European One Health Action Plan against AMR.
According to the World Health Organisation (WHO), wastewater 1s recognised and
documented as major sources of antimicrobial agents and their metabolites, as well as
antimicrobial-resistant bacteria and their genes. In order to mcrease the knowledge on
the main sources of AMR, it 1s necessary to introduce a monitoring obligation for the
presence of AMR 1n urban wastewaters to further develop our scientific knowledge
and potentially take adequate action in the future.

TECHNISCHE
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Proposal for a
DIRECTIVE OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL

concerning urban wastewater treatment (recast)

The End

4. For agglomerations of 100 000 p.e. and above, Member States shall, by 1 January 2025,
ensure that antimicrobial resistance is monitored at least twice a year at the inlets and outlets
of urban wastewater treatment plants and, when relevant. in the collecting systems.

The Commission shall adopt implementing acts in accordance with the procedure referred to
in Article 28 to ensure an uniform application of this Directive by establishing a harmonised
methodology for measuring antimicrobial resistance in urban wastewaters.
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Ergebnisse - Mischwasserentlastung Dresden
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The End

Thomas U. Berendonk

Mischwasserentlastung Dresden Escherichia coli

Penicillines

Cephalosporines
Carbapenemes
Fluorochinolones

Aminoglycosides
Tetracyclines

Phenicols

Trends:

Qutflow Overflow

Inflow
. I
B
.
I | |
| |
I |
I | |

AN

Anteil resistenter Isolate

m <2%
m >2%
>5%
>10%
m >20%
m >50%

- Resistenzniveau in der Entlastung ist entweder gleich oder
geringer als im Ablauf der Klaranlage

- Resistenzniveau im Ablauf der Klaranlage entweder gleich oder
groBer als im Zulauf zur Klaranlage (einzige Ausnahme: FOX)
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Wiederbelebung eines , alten™ Themas
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The End

Thomas U. Berendonk

Estimated total incidence of bloodstream infections with resistance phenotype (n per 100 000 population) and trend, 2019-2023, as well as

the percentage change 2019-2023, by bacterial species and antimicrobial group/agent, Germany

Estimated incidence” of isolates from bloodstream infections with
resistance phenotype (n per 100 000 population)

E coli

K pneumonioe

P. geruginosa

SpECies

5 aureus

5. pneumoniae

E faecalis
E foecium

Aminopenidllin {amaxidilin/ampicillin) resistance

Third-generation cephal osporin {cefotaxime/ceftriaxone/ceftazidime) resistance
Carbapanem {imipenem/meropenem) resistance

Fluoroguinolone (ciproflosacin/levofloxadng/ofl oxaci n) resistanca

Aminoglyooside {gentamicin/netilmidn/tohramydin) resistance®

Combined resistance to third-generation cephal osporins, fluoroguinclones, and aminoglyoosides”
Third-generation cephal osporin (cefotaxime,/ceftriaxone/ceftazidime) resistance
Carbapenem (imipenem/meropenem) resistance

Fluoroguinolone (ciprofloxacinglevofloxadng/ofl oxacd n) resistance

Aminoglyooside {gentamicing/netilmicin/tobramycin) resistance”

Combined resistance to third-generation cephalosporins, flusroguinclones, and aminoglyoosides”
Fiperadillin-tazobactam resistance

Ceftazidime resistanca

Carbapenem {imipenem,/meropenem) rasistance

Fluoroguinolone (ciproflosxacnglevofloxadn) resistance

Aminoglyoosi de {gentamicing/netilmicin/tobramycin) resistance”

Combined resistance to 23 antimicrobial groups (among piperadillin-tazobactam, ceftazidime,
m@arbapenems, fluoroguinolones and aminoglycoosides)©

Carbapanem {imipenem/meropenem) resistance

Fluoroguinolone {ciproflosxaci n/flevofl oxadn) resistance

Aminoglyoosi de {gentamicing/netilmicin/tobramycin] resistance”

Combined resistance to @rbapenems, fluoroguinolones and aminoghyosides”

MRSAS

Panicillin mon-wild-type®

Macrolide (azithromyci ny/darithromycin/erythromiycing resistance

Combined penicillin non-wild-type and resistance to macrolides™

High-lewel gentamicin resistance

Vancomycin resistance

I https://tu-dresden.de/hydrobiologie I limnologie@tu-dresden.de

152#
099
102#
094
121#
1268
0.33#

0.53#

004a#
0010
o.o02#
o.os#

050
0.67#
0.25#
1350
Ew

thomas.berendonk@tu-dresden.de

271#

2.54%
117#
0.77#
1124
0.9c8
135H
1038
017

055

0.07#
0118
0.098
0.0

0.23%
0.35H

0.108
138
3188

0.17%

060

0.09#
0.12#
0028
005
2648
0328
0.27%
0.09#
133
3514

2.61%
0.908
0.558
1318
0.958
1758
05938
0208

0.508

0.058
0118
0.0
0.05MF

0.44%
0.47%
0.208
137
2718

137
092#
0168

0.0

ooes
011
006
O0ds
2448
0.6e3#
0.e5#
027
140M
1868

Al -375
e

TECHNISCHE
UNIVERSITAT
DRESDEN

&
® ~
Institut fir

Hydrobiologie



The End
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Resistente Bakterien, Gentransfer und Selektionsdruck
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Mogliche Methoden des AMR monitoring

Kontrollen - Behandlungstechnologien

@ DSWAP Removal Efficiency Data: X =

< &

Start page

technologies.

The End

& limno-live hydro.tu-dresden.de/dkneis/prototypes/dswap/

DSWAP Removal Efficiency Database

High-level summaries Tabular views

Impressum

Legal aspecls

e & » O

This is the web interface to the database of removal efficiencies observed in wastewaler treatment. It represents the knowledge reported in the scientific literature as of 2022 with regard to selected chemical or biological contaminants and treatment

The unit of values reported differs between chemical contaminants (e g. antibiotics or other drugs) and biclogical items (such as genetic markers). The values are computed from concentrations (or loads) in a treatment module's input (C,,) and output

(Couc) @5 fOllOWS:

Contaminant group

Chemical

Biological

Reported value Unit  Definition
Percentage removal efficiency % BRE = (Cyy - Coppe / Con * 106
Log removal value - LRV = logpfCon/ Cons)
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Mogliche Methoden des AMR monitoring

Kontrollen - Behandlungstechnologien
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