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Antimicrobial resistance — a global

health problem

tetanus
60 000

road traffic
accidents
1.2 million

measles
130 000

diarrhoeal
disease
1.4 million
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AMR in 2050
[0 million

cancer
8.2 million

AMR now
TOO OO0
(low estimate)

cholera
100 000
120000

diabetes
1.5 million

O'Neill. Review on antimicrobiaf resistance, December 2014 . hitp://amr-review.org/
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Misusing and overusing

ANTIBIOTICS

puts us all at nisk

/Tamu antibiotics when they are nat needﬁ:\
s . emengencs of antibiotic resistance,
|Q one of the ats
W

- You can help reduce ‘5

antibiotic resistance

Overuse of antibiotics
can cause bacteria to
become resistant,
meaning cument treatments
will no longer work

Antibiotic resistant
infections can lead to

L - Always follow the advice of a
9 [ quali »alth care professional
IR ﬂ when taking antibiotics

Antibiotic resistant . itse
infections can not the person or the animal -
affect anyone that becomes resistant

. _ to antibiotics
of any age, in any country 0 HODCS

When bacteria become resitant to antibiatics,

W f %‘@ World Health

¢
[ P/ ! ' -
Wiy O & ® Organization

WHO, Infographics 2017
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Superbugs occurrence

&

ecic  Surveillance Atlas of Infectious Diseases
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Source: https://fatlas.ecdc.europa.eu/
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Emerging contaminants
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Possible selectors of AR in WWTP

Heavy metals Temperature

Conjugation
Flushed Antibiotics

Disinfectants

Pharmaceutical waste
Ciprofloxacin

Hospital waste

Organic solvents

Transformation

O Ampicillin

B retracyciine Transduction Animal husbandry waste
B Sulfonamide

0 Heavy metal PRI

I - Excreted antibiotics Agricultural practises

Jury et al. (2011) Crtical Reviews in Environmental Science and Technology, 41(3), 243-270.
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The importance of the sampling and
methodologies to correctly answer the question

) g v .I"\ Primary IfJ ‘
Mechanical \sedimentation / Methodolo gies
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\ sedimentation Sludge . -
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Effect of the wastewater treatment in
the bacterial communities

A100
m Low abundance Class (< 5%)

" W Flavobacieriia |

v W Bacieroidis Bacteroidetes
g 10 B [Saprospirae)
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g 60 " Clostidia l—Fr‘nm‘cures
1] ~
g " 282 | op1
ﬁ 50 ® Gammagrotecbactena
(]
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-]
& 30 ® Deltaproteobactena - Protecbacteria

Betaprotechacteria
Alphaproteabaciena

) . . . . = . . = " T4 - TM7

® Unciassified
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treatment disinfection

Narciso-da-Rocha et al. (2018) Environment International, 118, 179-188.
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Not all bacteria and ARGs are equally
removed

o
BB 8

Relative Abundance (%3

protecbacteria protecbacteria proteod screniapmreul aCleria profeooa

sRWW o sTWW «tTWW =(TWW-RE

1.25

1.00

s B
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0.50 I I
025 - _
s Em . & sl o EN
0.00 - !T T ,- ’.

Log-units remowval

=0.25

=0.50
RWW to sTWW sTWW to tTWW tTVAY to tTVWW-RE
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Narciso-da-Rocha et al. (2018) Environment International, 118, 179-188.
£ CATOLICA

" FACULTY OF BIOTECHNOLOGY lvone Vaz-Moreira 10




Which bacteria may be the major
carriers of ARGs o &

» L] L] L] [ ] L]

Minor bacterial
populations (abundance
< 5%) may also have a

important role

[ ] ] [ ] ] L} n —

(
!
|

Abundance of the OTUs observed to be correlated
with the ARGs: 5.7% in RWAWY, 1.3% in sTVWW, 1.5%
in tTVWAN and 0.6% in tTWW-RE
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A Asromonadaceas (e Bactsroidaceas L Campylobacteraceas E Comamonadaceas
- iy — L]
@ Erysipelamchaceae Le [ schnospirsceas (Me Moraxellacese . Nalzsaracsae
—ee——————

. Porphyromonadacess e Procabactenaceas . Fssudomonadacess . Rhodocyclaceas
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Narciso-da-Rocha et al. (2018) Environment international, 118, 179-188.
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Water disinfection selects Proteobacteria

Before disinfection After 3-d storage

@/ = | o

-_— = =

;7
/

< @@ﬁé"

Bacterial classes
B w71 W Clestridia Bacteroidia {saprospiroe] M Flavobacteriic M Actinobacteria M Sphingobacteriia
[ Gammaprotecbacteria Betaproteobacteria M Deltaproteobacteria Alphaproteobacteria W Acidimicrobila

Becerra-Castro et al. (2016) Science of the Total Environment, 573, 313-323.
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The spread to the Environment and
Humans

sol Occurrence of
Surface/Ground

Watir o ] natural and

it ! - -~ ; contaminant

Wild-life ” N !
‘ i ~ ARB&ARG
Food chain - (/ N
. SOURCE < ¥ -

. . Y 2 */ \ \\ m Elimination/
Selection of g I waer  y = selection of
ARB&ARG/ £|1 Rearment _ % | Si- clinically

Spread to the .g E' : URBAN i g relevant
receiving 5 = ARB&ARG
environment 3% WATER l Y g —~—
& -
— N\ g cvae Y. 1l '
Inflow of SE-1d DISTRIBUTION ! Enrichment of
hospital and * : ! |7 clinically
animal / - relevant
production ,/ ARB&ARG (e.g.
effluents P biofilms)

Manaia et al. (2016). Applied Microbiology and Biotechnology, 100(4), 1543-1557.
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Amount of ARGs released by WWTPs

sull 12
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Manaia et al. (2016). Applied Microbiology and Biotechnology, 100(4), 1543-1557.
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Treated wastewater use In irrigation

Crop plants lrrigated with RAWW

o Plant uptake
Depends anthe bioavailable fraction of antibiotics in
.‘-‘:‘: == the soi pors wahlr, which s ihf!uar :.U?I by
L ™ s Municipal wastewater 1. Physicochemiceal properties of antibiotic (specation)
, 2 "_ ’V treatment plant Exposure concentration and irrigation duration

Soi' pH, organic matter, texture, etc.
Transpirstionrate
Plant physiology |aboticand biotic stress conditions)]

ol o S

Environmental fate of antlblotlcs

Depends onthe bioavaiable fraction of antibiotics in

the soi’ pare watar, which 's influercad by
Physicochemical properties of antibiotic (speciation)
Exposureconcentration and irrigation duration

Sol' pH, organic matter, texture, etc.
Transpirationrate

Plant physiology |abetic and biotic stress conditiors)

Antibiotics and transformation
products into the foodweb

[T RNy

Public health risk assassment
due to the consumption of
RWW-irrigated agricultural
produca

Christou et al. (2017) Water research, 123, 448-467.
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Non-detection # Absence of risk

Soil spiked with antibiotic
resistant bacteria (ARB)

harboring known antibiotic \ 4
resistance genes (ARG) \,_
. R @ A p -

Limit of quantification
(LOQ)?

>3 log-units ARG copy number/g soil dry weight

ARG determination
..guantitative PCR.

Enumeration of
culturable ARB

. 246810 12 14161820 22 24 26
Fortunato et al. (in press) Environmental Pollution
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Close relatedness among clinical, gull
and wastewater E. col/ isolates

Clinicat
Urine
;\ Blood
297G Bn?nchealwash
Clinical: Flusigs
Blood ST354 Swab . Raw wastewater
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D O Hospital effluent
$73673 ST443 | 372245758 @ uUiensteams
. ST155
ST2309 | .\/ Clinical @ ouis
| Swab
]
| Urine Birdsof pre
| ST156 @smwo @ P
\ | 057345 ® cina

ST393

S —":-_ S \‘\H,_\_\, —
/ A . / gna‘@smga

r—\574?03
ST615 ST297
—Os T4659
ST1421 O
ST162
51'2540 ST3377 smsg

ST1M

STBQ

STA‘-I 12
ST1642

57533 ST1800 ST3024

@ ST2E!G
il
st617  \| )
TGy Clinical:
Urine
B ST1251 sTaese ) ST4460

57542

ST57
ST93

Varela et al. (2015) Journal of Global Antimicrobial Resistance, 3(4), 286-289.
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How to mitigate dissemination?
Environmental matrices that should be monitored

\\\\\

h Wuste)
& ¥ Wastewater
Hospital e Tre'g]:]mnfmr
Households
Human

Impacted
H‘R ' Resistome

Nonpoint
Regulated/Unregulated
Discharges

Monitoring

Risk

Assessment

Mitigation

Vikesland et al. (2017) Environmental Science and Technology 51, 13061-13069
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