Laurens Tuts

ANTIBIOTIC RESIDUES AND RESISTANCE
IN AQUATIC ENVIRONMENTS

Manure application and marine sediments increase antibiotic residues and drive resistance in aquatic
environments
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PROJECTIONS OF DEATHS FROM ANTIMICROBIAL RESISTANCE (2050)

Europe 3, _*"of
390,000 f\

North E.g
America

... 317,000

Africa
4,150,000
b Latin
- America
392,000
Mortality per 10,000 population
Number of deaths 5_6 7 8 9 10 2

Source: Review on Antimicrobial Resistance

NO-HARM EUROPE (2021)

ILVO



BACKGROUND

ONE HEALTH is the idea that the health of people is connected
to the health of animals and our shared environment

Center for disease control & prevention (2021)

HOW DO BACTERIA BECOME RESISTANT TO ANTIBIOTICS? ILVO

sensitive strain antibiotic resistant killed bacteria
strain
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When there are high When antibiotic is added, Now, the antibiotic Moreover, they can
number of bacteria, some the sensitive strains are resistant strain can grow transfer drug-resistance
of them have mutated and killed. However, no effect and multiply to other bacteria and
become antibiotic against antibiotic resistant forming a group of
resistant strain strain antibiotic resistant
bacteria

SPARTHA Medical, 2023

PATHWAYS OF ANTIBIOTICS FOR HUMAN AND VETERINARY USE
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Berkner S, Konradi S, Schonfeld J. (2014). Antibiotic resistance and the environment--there and back again:
Science & Society series on Science and Drugs.



OVERVIEW OF STUDIES

AIMS

* Antibiotic residues and antibiotic resistant bacteria in aquatic environments

* Freshwater (agricultural) field study * Harbor field study
e Surface water and groundwater * Water and sediments
* Does antibiotic residues and antibiotic * Where are hotspots of contamination? What is
resistance increase after fertilization with the relation between antibiotic residues and the
manure? detected antibiotic resistance?




METHODOLOGY

ANTIBIOTIC RESIDUES LC-MS/MS ANALYSIS



METHODOLOGY

ANTIBIOTIC RESIDUES: UHPLC-MS/MS analysis of water samples ILVO

Chemosphere 352 (2024) 141455
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METHODOLOGY

ANTIBIOTIC RESIDUES: UHPLC-MS/MS analysis of sediment samples

Sediment
(freeze-dried,
sieved)

+ QUECHERS absorbents:

K,PO,, C18, PSA

Extraction

Xevo TQ-XS

Relative abundance

m/z

59 antibiotics
9 antibiotic classes

Limit of detection:
0.1 -10 pg/kg

Validated EU
2021/808

B-lactams

ampicillin
benzylpenicillin
cefadroxil
cefalexin
cefalonium
cefapirin

cefazolin

cefoperazone
cefquinome

ceftiofur

nafcillin
oxacillin

phenoxymethyl
penicillin
Lincosamides

lincomycin

pirlimycin

(Fluoro)

quinolones
cinoxacin

ciprofloxacin

difloxacin
enoxacin

enrofloxacin
flumequine

nalidixic acid

norfloxacin
ofloxacin

oxolinic acid

sarafloxacin

Phenicols

florphenicol
thiamphenicol

chloramphenicol

Macrolides

clarithromycin
erythromycin
josamycin
tylosin

tylvalosin

Diaminopyridine
deriv.
trimethoprim

Pleuromutulines

tiamulin
valnemulin

Tetracyclines

oxytetracycline
tetracycline
chloortetracycline

doxycycline

Sulfonamides

dapsone
sulfabenzamide
sulfachloropyridazine
sulfadiazine
sulfadimethoxine
sulfadoxine

sulfamerazine

sulfameter
sulfamethazine

sulfamethizole

sulfamethoxazole
sulfamethoxypyridazine

sulfamonomethoxine

sulfaphenazole
sulfapyridine

sulfaquinoxaline

sulfathiazole

sulfisoxazole



METHODOLOGY

ISOLATION OF INDICATOR ORGANISM
E. coli



METHODOLOGY

ANTIBIOTIC RESISTANCE: ISOLATION OF INDICATOR ORGANISMS ILVO

Filtration

E. coli
Incubation for
24 hat37°C
Other coliforms
» E.coli
RAPID’E.COLI 2

for water testing

Extended Spectrum B-lactamase producing E. coli

Incubation for
24 hat37°C
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METHODOLOGY

ASSESSMENT OF ANTIBIOTIC RESISTANCE



METHODOLOGY

ANTIBIOTIC RESISTANCE: ANTIBIOTIC SUSCEPTIBILITY TESTS
E. coli
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CONCENTRATION

Positive control
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METHODOLOGY

ANTIBIOTIC RESISTANCE: ANTIBIOTIC SUSCEPTIBILITY TESTS ILVO

. . . e egye . . EUROPEAN COMMITTEE
MIC distributions for ampicillin resistance of E. coli x E U C A S T ON ANTIMICROBIAL
SUSCEPTIBILITY TESTING

European Society of Clinical Microbiology and Infectious Diseases

WILD TYPE MUTANT
(RESISTANT)

Minimum inhibitory concentration
>

Epidemiological cut-off value

20

10

isolate is resistant

% microorganisms (aggregated numbers)

0.002 0.004 0.0080.016 0.03 0.06)0.125 0.25 05 1 2 4 8 16 32 64 128 256 512

MIC (mg/L)
MIC
Epidemiological cut-off (ECOFF): 8 mg/L Confidence interval: 4- 16
Wildtype (WT) organisms: = 8 mg/L 105483 observations (53 data sources)



FRESHWATER

SAMPLING



ILVO

50 sampling locations ~ EU Nitrate Directive - more polluted areas
= entry of antibiotics and antibiotic resistant bacteria?

Before and after fertilization 2 manure
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FRESHWATER

ANTIBIOTIC RESIDUES



ANTIBIOTIC RESIDUES

n =99

5.0

amoxicillin -

ceftiofur +
chloramphenicol H
clarithromycin -
florphenicol -
florphenicol-amine
flumequine
lincomycin -

oxolinic acid -
oxytetracycline
sulfabenzamide
sulfachloropyridazine -
sulfadiazine -
sulfadimethoxine
sulfadoxine -
sulfameter
sulfamethazine -
sulfamethoxazole
sulfamonomethoxine -
sulfapyridine -
sulfaquinoxaline -
sulfisoxazole
tetracycline
trimethoprim -
tylosin -
tylvalosin 4

AdisA 4

Ao

FRESHWATER

0.25 0.50 0.75 1.00 2.5

Concentration (ug/L)

5.0

ILVO

* 60% of surface water
contaminated with residues

o 25 different antibiotic residues
e Low concentrations

e Maximum concentration
= 8.8 pg/L (lincomycin)

Lincomycin and sulfonamides

Region
e Maas

A jzer

Sampling campaign
surface water (spring)
e surface water (fall)

groundwater

NO significant INFLUENCE of
the fertilization period




FRESHWATER

LINK BETWEEN ANTIBIOTICS AND ANTIBIOTIC RESIDUES

VETERINARY USAGE (BelVetSac 2023)

Aminopenicilling

Cephalosporins 3G/4G
Pleurcmutiling
Other
Quinolanes.\\‘
Polymyxing

Aminopenicilling with BLI
Cephalosporins 1G/2G

Lincosamides 11% 1o

1.2%

Phenicols \ 2.6%

2.8%

7.0%

Penicillins

Tetracyclines

7.0%

Amino(glyco)sides
ino(glyco)si 13.0% 13.3%

Macrolides Sulfonamides and trimethoprim

ILVO
PHYSICO-CHEMICAL PROPERTIES
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Enzymatic hydrolysis of B-lactam antibiotics in water

MATRIX PROPERTIES




FRESHWATER

ANTIBIOTIC RESISTANCE



ANTIBIOTIC SUSCEPTIBILITY TESTS

ILVO

generic E. coli | suspected ESBL E. coli EUVS EC 3
cufamethoxazole 4 - ézgl';FrﬁSN%f; i * sulfamethoxazole
* Increase after fertilization
ampicillin - . ampicil_lin
: im- * trimethoprim . .
timethoprim | P ESBL-producing E. coli
* tetracycline
tevacycline 1 N cefepime 1
ciprofloxacin 1 W cefotaxime 1
azithromycine 4 | cefotaxime + clavulanic acid A
cefoxitin 1 |
chloramphenicol4 W
ceftazidime
cefotaxime 4 | caftazidime + clavulanic acid 4
ceftazidime 4 | ertapenem - e
nalidixic acid 4 i imipenem -
colistin4 I mererEnEm
temocillin 4
gentamicin 1 INCREASED 0 25 50 75 100
N . o
E meropenem - RESISTAN C E surface water (spring) /‘En&b\l(;gEreCSlS;nce frequency ( AJ)
= tigecycline 1 . surface water (fall)
<;t . | | | il . . | | groundwater * 3and 4thgeneration
0 25 50 75 100, 0 25 5 75 100 i
cephalosporines
T Antibiotic resistance frequency (%) . ] P P
. 2" field study: only ESBL E. coli * carbapenems
L * B-lactams + inhibitor
o
LL



FRESHWATER

CONCLUSION: ASSOCIATION BETWEEN RESIDUES AND RESISTANCE ILVO

* Minimum selective concentration < detected concentration < minimum inhibitory concentration?

Measured concentration

RISK=

Predicted no—effect concentration for antibiotic resistance selection

* RISK > 1 (sulfadiazine, lincomycin): 5 times

* Sulfonamides frequently present
&
* Sulfamethoxazole resistance widespread in the environment
+ increased resistance after the fertilization period




HARBOR SAMPLING

STUDY AREA



HARBOR SAMPLING

STUDY AREA + SAMPLING PLAN ILVO

Water + sediment

2023
* 9locationsin Nieuwpoort (B) Marina
* 10 locationsin Oostende (C)
lzer
2024
* 14 locationsin Oostende (C)
Marina
Recreation
_ Brugge-
Hospital Oostende

WWTP



HARBOR SAMPLING

ANTIBIOTIC RESIDUES



HARBOR SAMPLING

ANTIBIOTIC RESIDUES

30

amoxicillinq 4
chloramphenicolq #
ciprofloxacine 4 #
clarithromycin 4 %4
flumequine-4 & A oA A
ofloxacin4 #
sulfadiazine4 A
sulfadimethoxine

sulfadoxine A

> > »

sulfamethazine -
sulfamethoxazole -
sulfapyridine

tetracycline

DD’,
| 4
>

tiamulin -

-+

trimethoprim

[en]
'o-ii

0.5 1.0

Type

water @

T T T T T T T T T

1.5 20 2 4 6 8 10 15 20

sediment Region e Nieuwpoort 4 Oostende

Concentration (pg/L or ug/kg)

25

30

ILVO

15 residues from 8 classes

More antibiotic residues and

higher  concentrations in
sediments
ciprofloxacin, tetracycline

and ofloxacin were reported
at the highest concentrations
in sediments

concentrations were higher in
Oostende

sulfonamides were  most
frequently detected in water

~ Use in human medicine,
physicochemical properties,
matrix properties




HARBOR SAMPLING

ANTIBIOTIC RESISTANCE



HARBOR SAMPLING

Antibiotic

ANTIBIOTIC SUSCEPTIBILITY TESTING: n =59 ESBL E. coli

amikacin

ampicillin <

azithromycin

cefotaxime 1

ceftazidime -

chloramphenicol 4

ciprofloxacin

colistin 4

gentamicin 4

meropenem o

nalidixic acid o

sulfamethoxazole 4

tetracycline

tigecycline -

trimethoprim -

cefepime +
100%
100%
m cefotaxime A
100%
100% cefotaxime + clavulanic acid -
cefoxitin -
INCREASED
RESISTANCE ceftazidime -
ceftazidime + clavulanic acid A
ertapenem =
INCREASED
RESISTANCE
imipenem -
meropenem o
41% temocillin A
40%
0 25 50 75 100

Antibiotic resistance frequency (%)

Antibiotic resistance frequency (%)

EUVSEC 2

T T T T
0 25 50 75 100

(n=59)

ILVO

High resistance levels for ESBL E. coli

(=fecal indicator)

- 70% MDR (> 3 AB classes)

! Resistance to carbapenems

(=critical antibiotic (WHO))

Significant differences between water

and sediment samples (p < 0.05)
- M ciprofloxacin and nalidixic acid
resistance in sediments
- 1 Sediment = sink for antibiotics

- resistance selection



HARBOR SAMPLING

Location

RISK ASSESSMENT: CONCENTRATION / PNEC

00 4
00 81
00 12+
00 131
00 14 1
00 151
00 161
00 17 1
00 191
00 201
00 21 1
00 22 1
00 231
00 24 1
NP 01 1
NP 02 4
NP 03 +
NP 04 1
NP 054
NP 06 +
NP 07 A
NP 08 1
NP 094

® o sk

yod X
o

& @

o1 # & # # # @& @

2
Risk Quotient

Type
e \Water

® Sediment

Antibiotic

o amoxicillin

]

chloramphenicol

>

ciprofloxacin

clarithromycin

*

flumequine
ofloxacin .
~ Marina
®  sulfadiazine
sulfamethoxazole

tetracycline

X + b

tiamulin

<

trimethoprim

Hospital

WWTP

ILVO

Measured concentration *Kd

RISK =

Predicted no—effect concentration

1) Sediments

2) Quinolones

3) WWTP & marina hotspots = entry of antibiotics and
antibiotic resistance




HARBOR SAMPLING

CONCLUSIONS

* Need for responsible antibiotic use and effective manure/water treatment

* Need for continuous surveillance, including:

 Antibiotic resistance
e Critical antibiotics

e Sediment/soils

ILVO



WHAT’S NEXT?

DNUTRITIVE

ILVO

Innovative decision-making tool for defining the most suitable manure

management strategies to achieve a sustainable livestock farming system during
the whole value chain

cayasc 4
AIM: reducing air, water and soil = (T =ta
pollutants produced by livestock

manure management 7N 2 [ [
ARMINES pok 8

throughout its chain.
https://nutritive.es/
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