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WHAT IS ANTIMICROBIAL RESISTANCE?
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Ability to survive the effects of substances that are supposed to
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WHY STUDY THE WATER CYCLE ?

Population-based surveillance studies = laborious and expensive

Water cycle -2 reflects of what happens at community level
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OBJECTIVES

Correlate the prevalence of resistance genes in the water cycle with population
behaviors to estimate the impact of peoples' lifestyle habits on AMR evolution

QUESTIONS ANALYSES
Microbial diversity

(16s rRNA)

ARGs detection

Which kind of bacteria?
What type of resistance?

How does AMR vary in time

9 S ARGs and 16s quantification
and space:

Epidemiological and spatial
analysis
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Impact of lifestyle habits
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METHODOLOGY
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METHODOLOGY

m
Raw (1L) and
drinking water (5L)

S T
Wastewater 250mL
sample (1L) m
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(w) MEC filter 0.22 um

47 mm

47 mm

15000 x g
15 min

|

pellet

MEC filter 0.22 um
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Qiagen
PowerSoil Pro
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16s rRNA sequencing
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RESULTS

Total: 162 samples recovered

There is a reduction in the bacterial load between the influent and effluent, as well as the

sludge before and after treatment

Bacterial load in the water cycle
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RESULTS

Total: 162 samples recovered

From a water cycle standpoint, this reduction is less significant

(greater reduction between surface waters and drinking water)

Bacterial load in the water cycle
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RESULTS

Total: 162 samples recovered

All WWTPs show a reduction between influent and effluent, but WWTP 3 is the one where this

reduction is least significant
(it is also the WWTP the highest initial concentration)

Influent (16s — gene copies) Effluent (16s — gene copies)
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RESULTS

Total: 162 samples recovered
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1st phase of environmental analysis = Influents (n=96)

PCoA analysis reveals that seasonal variations have a significant impact on diversity

Season
* Fall
® Spring
® Summer

* Winter
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RESULTS

Total: 162 samples recovered
1st phase of environmental analysis = Influents (n=96)

Environmental conditions seen in colder seasons favor the growth of Trichococcus spp. while in
spring, more balanced conditions allow a diverse range of bacteria to coexist

Genus
B Euvacterium natiii group [ Janthinobacterium

. Acidovorax . Lactococcus
I:I Acinetobacter I:I Leptotrichia

I:I Aeromonas . Massilia
I:I Agathobacter . FPaeniglutamicibacter

[ ] akanindiges [ ] Potaromonas
. Arcobacter . Pseudarcobacter
. Bacteroides . Pseudomonas

B

Relative abundance

501
- Bifidobacterium . Pseudorhodobacter
. Blautia . Psychrobacter
. Clostridium sensu stricto 1. Rhodoferax
. Dorea . Romboutsia
25 . Enhydrobacter I:I Simplicispira
Faecalibacterium I:I Streptococcus
. Flavobacterium I:I Subdoligranulum

[ Fusicatenibacter [ ] mhiothrix
. Hypnocyclicus I:I Trichococcus
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RESULTS

Total: 162 samples recovered
1st phase of environmental analysis = Influents (n=96)

We observe the same trend for all WWTPs
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Genre

. Acidovarax
. Acinetobacter
l:l Aeromonas
I:l Agathobacter
I:I Alkanindiges
l:l Arcobacter
Bacteriovorax
Bacteroides
Bifidobacterium
. Blautia
. Cavicella

. Chryseobacterium
. Cloacibacterium

B oiatister

. Enhydrobacter
Faecalibacterium
. Flavobacterium
. Fusicatenibacter

Ij Glutamicibacter

. Hypnocyclicus
Lactococcus
. Leptotrichia
. Paludibacter
. Polaromonas

Propionivibrio
Pseudarcobacter
Pseudomonas

. Psychrobacter

I:I Rhodoferax
I:I Romboutsia
I:I Simplicispira

. Clostridium sensu stricto 1|:| Streptococcus

I:I Subdoligranulum

[ ] mhiothrix
. Trichococous
- Zoogloea

15



RESULTS

B-Iaf)tamos Carbapenems Quinolones Macrolides- mphE
Ci)l-:VM _)1(1’%;/ KPC - 100% qnrA = 75% mphE = 100%
3 6 NDM - 100% qnrB = 100% mefA-> 100%
0XA-1/0XA-30 997,7% IMP 9 54’5%

TEM -> 100%
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With the exception of IMP and qnrA, all other genes were found in
virtually 100% of samples

Macrolide (mphE and mefA) and betalactam (SHV, CTX-M and
NDM) resistance genes were the most abundant

= 1e-5(LOD)
] not detected

Colors in the heatmap indicate gene abundance relative to the 16S rRNA gene
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RESULTS

Influent
?Q\I,aitfg:,'f Carbapenems Quinolones Macrolides- mphE
% KPC > 100% o o
CTX-M > 100% qnrA - 88,9% mphE > 100%

NDM -> 100%

mefA—> 100%
IMP = 77,8%

()
OXA-1/0XA-30 > 100% qnrB - 100%

TEM - 100%

Effluent

Although the abundance of resistance genes decreases between

influent and effluent, in most cases resistance genes are still
present in detectable concentrations
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>1e-5(LOD)

not detected

Colors in the heatmap indicate gene abundance relative to the 16S rRNA gene
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RESULTS
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mefA I

Prevalgnca c ; - = . .
resistan Broad-spectrum antibiotic resistance genes are present In surface

surface : water samples (taken from rivers before treatment)

It is important to note, however, that
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Colors in the heatmap indicate gene abundance relative to the 16S rRNA gene
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RESULTS

Variation in time and space

1.E+00 1.E+00
Sep Oct Nov Dec Mar Apr May Jun Dec Jan Feb Mar Apr Aug Sgp Sep Oct Nov Dec Mar Apr May Jun Dec Jan Feb Mar Apr Aug Sep

2020 2021 2022 2020 2021 2022

1.E-01 1.E-01

The concentration of genes conferring resistance to the same
antimicrobial class varies in a similar pattern:
Hypothesis ?
Linked to the antibiotic cqnsumption profile

VN
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1.E-02

=e=Sum of blaSHV_1 =e=Sum of blaCTX-M
=o==Sum of blaTEM =o==Sum of blaOXA1/blaOXA30

—e—Sum of blaKkPC = e -Sum of blaIMP_1  ==#==Sum of blaNDM
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RESULTS

Variation in time and space
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RESULTS

Variation in time and space
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EPIDEMIOLOGICAL STUDY

Assessment of population lifestyle habits and behaviors

Data collection:
Questionnaire
adapted from the
standardized
survey of WHO
(Simple Survey)

© Leal, HF, 2023
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RESULTS

W True/Yes

B No/False/I don't know

I can exchange resistant bacteria
with my pet

When you have a prescription for l,
antibiotics, do you follow the duration SIARN
and daily dosage correctly? ”

The bacteria
become resistant,

Have you ever taken an antibiotic _
not our bodies!

treatment without a prescription?

Antibiotic resistance occurs when
your body becomes resistant to
antibiotics and they no longer work

I©LeaI,HF,2023 0% 20% 40% 60% 80% 100% 23

Analysis performed on Microsoft Excel 2010



CONCLUSIONS -> TAKE HOME MESSAGES

Wastewater influent samples have the highest bacterial load in the water cycle ®+

I © Leal, HF, 2023 24



CONCLUSIONS -> TAKE HOME MESSAGES

Some broad-spectrum antibiotic resistance genes are detected in surface water, but not in

treated drinking water /YO
\—

~J

Preliminary analysis of lifestyle habits reveals some misconceptions about antimicrobial
n resistance

()

‘

- Resistance genes vary in time and space -2 influenced by antibiotic consumption?

PERSPECTIVES

# Association between the prevalence of resistance genes and lifestyle habits

I © Leal, HF, 2023
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Thank youl!
Questions?

Comments?

I © Leal, HF, 2023

@ mcgill.ca/amrcentre/edar7

@edar2024_mcgqill

X twitter.com/EDAR2024

@J)-‘\' tiktok.com/@edar2024
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