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Resistance to antimicrobial agents —a major public health threat

AMR in 2050
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Resistance to antimicrobial agents
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Extensive use of antibiotics and
other antimicrobial agents in
domestic, agricultural and clinical
settings
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Antibiotics and other antimicrobial agents
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Pathways of resistance in context with the water cycle
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Resistome and Microbiome
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Carrend Opinion in Microbiology
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Place of sampling since October 2014

| STEP BELLECOMBE |

Raw Raw mix
hospital
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210 samples from 2012 until November 2015

Methodology to study resistome and microbiota

Resistome
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Microbiota

Environmental sample 16S rRNA

Waste waters
Sludge

High throughput gPCR
(Fluidigm system)

phylogenetic fingerprinting
Mi-seq 16S rRNA sequencing
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96 cDNA Samples
(Diluted STA product)

Consecutive sewage
samples (collected from
January 2011 till November
2015)

Isolated microbial DNA

9,216 PCR reactions

96 Assays Primers target:

(primer pairs)
Most abundant resistance

genes in healthy humans

Clinically relevant antibiotic
resistance genes

Biocide resistance genes
Heavy metal genes
Integrons (class I, Il and I11)

mobile genetic elements

Waste water
resistome

[] Intl I, Il and 1l

Hospital/ Mix Sludge

Urban
Sludge

Hospital (Raw and treated waste waters)

Urban treated and River samples

Urban raw
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Relative and proportional abundance of ARGs and MGEs in hospital and urban wastewater
over a period of 4 years

ARGs are significantly more abundant in
hospital wastewater

Relative and proportional abundance of ARGs
does not change significantly over time
(4 years)

Distinct resistome signature

MGEs (transposases and integrons) are
highly abundant in all waste and surface
waters (represent up to 60% of
detected genes in urban wastewaters)
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Microbiota analysis
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Analysis based on type

Principal Coordinates Analysis
bray distance
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Microbiota

Analysis based on year

PC2: 11.5%

Principal Coordinates Analysis
bray distance
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Relative and proportional abundance of bacterial orders

Microbiota specific per sample type and stable over time

Urban R Urban T Urban S Hospital R
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Quantity of heavy metals, antibiotics and surfactants in different sample types

antibiotics in waters surfactants
45 8000
40 7000
35
6000
30
% 25 5000
< 20 4000
15 3000
12 2000
o — 1000
UrbanR  Hospital R Mix R River River River 0 — — —_—
upstream  downstream  downstream UbanR  Hospital R MixR River River River
1 2 upstream  downstream 1downstream 2

W Carbamazepine M Ciprofioxacin W Sulfamethoxazole Vancomycin = Anionic surfactant M Cationic surfactant B Non-ionic surfactant

lirtans

s 4 & &S S s
0 R B r o«
025 @
Urban R Hospital R Mix R River River River 200 e
upstream  downstream downstream -
00625
i 2 o — _— —

003125
Urtan's HHospita 5 Mixs

m Arsenic B Cadmium ® Chrome = Copper B Gadolinium M Lead  Mercury ® Nickel M Zinc

W ot W Mercny W Nikel W e

) heavy metals in sludge heavy metals in sludge
heavy metals in waters 10 "
e
350 %
300 o
. 2 allogitas
- 5 P
% 200 B
< 150 - B
100 : li
iy
5 " & A

Relationship between taxa, resistance genes and pharmaceuticals?

* Correlation analysis
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Impact of heavy metals on resistome?

Gene families

All genes
o
-
20
016
[e]
8
Nicke! g‘ Hcarbamaz Sulfamet
ickel Gfrome_W
©
]

70.2% of the variability is explained by the chemical
concentrations (p value is 0.02). Of this 54% is displayed

on axis x and 8% in axis y. Only the mo

genes are displayed. Dots represent samples.

o
a9 o9
VATB AnioSurf
168,
o 4
macrolides/efflix-systems
mobile gerjetic elements
w
¢ Sulfamet
&> Non-Su
F yeaid ?Ser
enicols
FEAAC(6')-1B_1
(kanamycin)
QACE D108
atB3 00 I\ Vandomyc
Ciproflx
o 138
91

omyc

<

-

1.0 -1.0 1.0

73.5% of the variability is explained by the
chemical concentrations (p value is 0.02). Of
this 61% is displayed on axis x and 8% in axis y.
Dots represent samples.

st relevant 15

E-like ger

ichales

B)-la, -lc

PCA microbiome and resistome
o
i
o
-~ o o
o seprogramins .
@O Rgﬁobaclenales
Oé% Fu acteriale.s wacralided effiux-systens (@] A Lactobacillales
o O actobacillale %
@ retracveiines @y
[s)
lostridiales
baciacin TTHRETOPIiN - Coriobacteriales
obile genaric elements
estlfgvibrionales  Methanobacteriales
Pzgfldo Ig teriales
-6 eﬁer]omonadales
RE® s elofrichales
LR o — ¥
5 el
& S 2 ‘%ﬂl?%‘v?g’s‘a',es‘ ales
Sphingobacteriales chipranphienicols
" B R juregrons . . B
nasrolineales Q.AC resisuige gines sphingobactgriales B3
7 X . q ~
Planctomyctales suiphonamies Anaerdlineales blacx);m@h(
| |
Planctomycetales x XX
=
-~
!
-1.0 1.0 o
Samples an
< Hospital R Hospital S Hospital T -0.8 1.0
Mix R Mix S Mix T
* v W @ v Samples
’ River X River 1 O River 2 . . X
O ubenR O ubans [ urent X Hospital R Hospital S Hospital T
¢ vxRk M wmxs @ wmixT
ALL samples
o Ip'f' i R <R O r
-ongoing Is sample specitic analysis
g g P P Yy O Urban R <> Urban S D Urban T

11



30/11/2017

Random Forrest Algorithm and machine based learning

¢ Does our data have predictive power?

¢ Putative implementations for risk assessment?

classification success.

* Yes o Frst - Clsitston

¢ And probably yes

Random Forrest Algorithm and machine based learning

Hospital R Urban R MR

. . resistome
¢ Most important predictors (genes and

taxa) for raw wastewaters

¢ Mixed wastewater (1Hospital:2Urban)
carries the URBAN signature

microbiota

2012 2013 2014 2015 2012 2013 2014 2015 2015
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Summary

Robust and distinct resistome and microbiota signature over time
Hospital wastewaters contain high amounts resistance genes and mobile genetic elements (integrons)
Hospital wastewaters contain high amounts of pharmaceutical residues

Mixed wastewater has Urban signature
¢ resistome and microbiome composition is similar to Urban
¢ relative abundance of ARGs decreases significantly to levels of ARGs in Urban wastewater when diluting
hospital wastewater with Urban wastewater 1 in 2 (1 Hospital Wastewater, 2 Urban Wastewater).

ARGs are correlated with specific taxa in each sample type

Pharmaceuticals and heavy metals significantly impact the resistome and specific mobile genetic elements

Possible implications / future outlook

¢ Causal relationship between the environment (e.g. chemical concentrations) and the waste- and riverwater
resistome and microbiome — implications for public health?!

¢ Further need to invest in measures for selective removal of pharmaceuticals and chemicals from waste- and
river waters -not wastewaters from wastewaters

¢ Selective removal/depletion of bacteria that carry and spread resistance genes (e.g. bacteria associated
with MGEs, integrons) as a measure to reduce the dissemination and persistence of ARGs in the
environment
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