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Why are we concerned about antimicrobial
resistance drivers in the environment?

One Health Hfﬂh}/\éﬁinﬁf’s

Huijbers et al. 2015. Environ. Sci Techn. 49, 11993-12004
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WE NEED AND USE ANTIMICROBIAL SUBSTANCES!
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WE USE ANTISEPTICS, DISINFECTANTS, OTHER PHARMACEUTICALS

Deep
Cleansing
Exfoliating

facial scrub Scrub

| Mith bursting beads

Wakes you up
| M 5 refreshing scent
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A portion stay in the environment and come
back to us!

Processing

consumption

Drinking
water

Huijbers et al. 2015. Environ. Sci Techn. 49, 11993-12004
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Thie role of aquatic acosysieins as reservlirs of anilsiotic
resistant bacteria and antibiotic resistancs ganas

P.T. Blyela®, L LIn™ and C.£. 2ezulderhout™

* Dapt of Binchemestry and kicrobiology, Faculy of Scéance end Agricuture University of Fulsiasd, Pr8ag
K100, Kwa-Dianganwa, Scuth Afica (E-mail: pbiredaflpan uzwleac.zal

** Doespt oof Microbiology, Sohool of Blochaem lsiry and Mizrobiology, Universiy of Durban Weshille, PiBag
84001, Durban, South Africa

= Sehool of Evvdranenants] Sclences and Developrmant: Micrabialogy, University of Patehatsnoom for
CHE, Privabo Bog XG001, Potchefsiroom, 2520, South Africa

Abstract Tho wideapread and indscrimnate uee of aribiclcs has led o the developmant of andbintic
resigtanos in pathopanic, as well as commensal, microosganisms. Resistanoe pones may bo horizontally ar
varfically tranedarced batvwson bactorial communiioe in the sedroamont, Th recipierd bacterial sommuniios
may then act 8 & resereoir of theso resistence genes, In this study, wereport th incidence of anibictic
resstancs in erferic baclecis molaied From the Mhlathoss Rivar and the distribution of genstic slements that
may be respanaite far the obearved antibiotic reslaiaree. The resistance of the antanc bacieria solamd
ovar a panod of onp year showed that resistance to the older classes of anthiotics wias high (84, 7%
resgtante b ane antiiohs and BOUE% resislance b two antisotics). Futhermons, antbists resiatance dala
of thia emvircsmendal inclates showed o strong cosralation {r=0.97) with data chtained from diarrhcaa
patients. PCR based methods demonstrated that class 1 integrons wana present in =60% of the
armirgienental Bechanal dolales Bhal vwsns resstant bo multiphs artibolics, This class of imegrons b capsbl
of fransfering genas resporsbie for resistance to i-actam, aminoghycoside, sulfonamide and quaternary
amenanium anliricrobial ages. Gonjugabe plasmids wens also solsied, bul ram a amal’ percemage of
0latas. This study ahowad thas she Mhlathuza Rivar {a) is 8 medium for the spresd of bacterial antisiotio
raaistencs genas, (b} acts as a ressnaoir for thess genses and (o) dus o socio-scoromic pressunes, my play
& rolain the develoament and avolubion of thess genes along thie fver syetam,

Kaywords Artiblchice; enfarobactaniacean; integrons; reaistancs genas
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Environ Monit Assess (2015) 187: 652 ®(_m Mtk
DOL 10.1007/510661-015-4879-6 -

High prevalence of multiple-antibiotic-resistant (MAR)
Escherichia coli in river bed sediments of the Apies River,
South Africa

Akebe Luther King Abia - Eunice Ubomba-Jaswa -
Magey Ndombo Benteke Momba

r Intermational Jourmal of
Environmenial Rexearch
4 and Public Health m\[{w
\¢' ¢
Artide
Antibiotic-Resistant Pathogenic Escherichia Coli

[solated from Rooftop Rainwater-Harvesting Tanks
in the Eastern Cape, South Africa

Mokaba Shirley Malema **, Akebe Luther King Abia >, Roman Tandlich *, Bonga Zuma ?,
Jean-Marc Mwenge Kahinda ! and Eunice Ubomba-Jaswa *°
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Are these AR bacteria a threat to human
health?

‘ 1817 © IWA Publishing 2016 R S R A R R R )

Virulence determinants and production of extracellular
enzymes in Enterococcus spp. from surface water sources
Lesego Gertrude Molale and Cornelius Carlos Bezuidenhout

1 YNSRI journal of Water and Health | in press | 2014

Vianagement:

Antibiotic resistant heterotrophic plate count bacteria »
and amoeba resistant bacteria in aquifers of the Mooi

River, North West province, South Africa

Alewyn Carstens, Catheleen Bartie, Rainier Dennis

and Carlos Bezuidenhout

890 (RN TEN=22 3] Jounal of Water and Health | 14.6 | 2016

Pathogenic features of heterotrophic plate count bacteria
from drinking-water boreholes
Suranie Horn, Rialet Pieters and Carlos Bezuidenhout
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Antimicrobial Resistance (AMR) in Africa - Disaster looming

AMR in 2050
10 million

Tetanus

Road traffic
accidents Cancer

1.2 million Va7 8.2 million
> AMR now
o 700,000

[ ] (low estimate) ‘

130,000 — 100,000~
- 120,000

Diarrhoeal
disease Diabetes

1.4 million 1.5 million

Source: https://www.wikitribune.com/article/28091/
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AMR treatment - Unaffordable for Africans

Extra Health Care Expenditure
In equivalent additional household tax

1,200
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In billions of 2007 USD

200

Low-AMR High-AMR

(World Bank, 2016)
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Microplastics and pharmaceuticals as
drivers for antimicrobial resistance in the
environment

@ NWU°



What are Micro-plastics?

* Plastics <5—-0.33 mm
* Primary and secondary microplastics

PRIMARY

X Q MICRO PLASTIC

SECONDARY
MICRO PLASTIC

https://i0.wp.com/moocs.southampton.ac.uk/oceans/wp-content/uploads/sites/5/2017/11/1460404090765 140626-biowachspartikelen160px.ipg
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Micro-plastics - Sources?

* Break-up (physical and biological)
* Fibres (synthetic textiles)
* Synthetic (abrasives, personal care, etc)

LARGER PLASTIC

NURDLES
PRODUCTS CLOTHING o Spe

A

358"

o
-l 2 %4
Small plastic pellets
used in industry

N
@ FIBRES %

WAVE
ACTION

PERSONAL HYGIENE
PRODUCTS

8/

Toothpaste, shower gel.
facewash

/

'-é% MICROBEADS

* https://encounteredu.com/discover/images/sources-of-microplastics
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Type of plastics and uses

Natural rubber

Vehicle tyres

Polyethylene* - low density

Plastic bags, outdoor furniture

Polyethylene* - high density

Bottles, pipes

Polypropylene

Rope, bottle caps, gear, strapping

Polystyrene (expanded)

Cool boxes, floats, cups

Polystyrene

Utensils, containers, microbeads

Polystyrene (high impact)

Shelves, printed graphics

Polyamide (Nylon)

Fishing nets, rope

Polycarbonate (bisphenol-A)

CDs, glass alternative, lenses

Polyurethane

Foams

Metacrylate (acrylic)

Alternative for plate glass

Cellulose acetate

Cigarette filters, fabric fibre

Cellulose nitrate

Printing inks, nail polish, foil

Polyvinyl chloride

Film, pipe, containers

Polylactic acid (biodegradable)

Packaging, cups

Polyethylene terephtelate

Bottles, strapping

Melamine

Flooring, dinnerware, dry boards
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Micro-plastics?

* Microplastics <5 mm
* Nano-plastics (<100 nm)

* Durable, buoyant, degrades slowly and persistent,
* Ubiquitous in aquatic (marine and fresh) environment

@ NWU°




Microplastics generation is complex

ABRASIVE MEDIA
How microplastics are generated USEOININDUSTRY

@
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ABRASIVE MEDMA USED AT SEA OR COASTAL ZONE

MEDICAL APPLCATIONS

\ COATING OR MAINTENANCE OF PLASTIC
PAINTED SURFACES AY SHIPYARDS OR AT SEA



http://www.grida.no/resources/6929

When it enters OUR food chain, we listen!!!

Lessdense
} < \ < microplastics

- w floatit i il
42 \ S sur?gc':gwao:'er ! VY T Y Y
Annelids R N
o ) Marine mammals \ /
M tics i
beachiedmens . =
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- 5 - N
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Bivalves // mfcrop!asncs \7 -
-
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"‘-r- + Crustacans
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Sources: Lusher, A, Microplastics in the Marine Environment: Distribution, Interactions and Effects, in Bergmann, M, et al, Marine Anthropogenic Litter, 2015
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So what happens to the bacteria, chemicals and microplastics in aquatic environments and
what are the impacts?

ZIni<Eor

river
fresh water:

——— -
nutrients (N, P, Si)
sediiments! &
organic carbon
Organic
JL material lighter;, fresher
logﬂux blocked " flux Wk Tmer, surfiace

pvcnocline

hieavier, saltier

/ mprtality
healthy benthic commiun)ity coplErR IOWErR
(worms;, snails) bivalves, layer
crustaceans)

organic matter decomposed

&L oxy/gen consumed pralled

https://en.wikipedia.org/wiki/Marine_pollution#/media/File:Scheme_eutrophication-en.svg
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Plastics and antimicrobials substances accumulate/breaks

Land Based Sewage
Sources

Household sewage
& Storm water

Runoff water from
informal
settlements

Clinic and Hospital
Sewage

Industrial &
Abattoir

Agricultural runoff
water

up or downin

Waste Water Treatment Plants in urban settings

= j = == == | Disinfection

- Physical and Biological Treatment
K >
Activated
sludge
resr::: Lal Pre- SA;i:fel':jn:ped or Settling Chlorination
treatment " tank
Effluent to
outfall
Return
sludge A
Waste
> sludge
i Microplastics, Nanoplastics, Bacteria &
Chemicals

E -'-IP‘_‘
- --l,-l‘- p >

Plastics, Microplastics, Bacteria &
Chemicals

-

Microplastics, Nanoplastics & Bacteria Chemicals
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MICROPLASTICS

&

adsorption

desorption

—

MP

aggregation
disaggregation

\

BIOTA

attached & interfering particles:
e.g. locomotion, feeding, moulting, injuries

ingestion & inhalation:

e.g. blockages, clogging, reduced dietary
intake, injuries, disrupted brachial function or
digestion efficiency, infections by pathogens,

accumulation of pollutants

internalization:
e.g. inflammatory response, hepatic stress,
metabolism

<

ECOSYSTEM

biocoenosis
e.g. invasive species, pathogens, info-
disruption

water characteristics
e.g. suspended solids, translucency, sedimen-
tation

sediment characteristics
e.g. thermal conductivity
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Environmental Pollution 237 (2018) 460467
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Contents lists available at ScienceDirect

Environmental Pollution

J. Li et al. / Environmental Pollution 237 (2018) 460—467
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cademy of Sciences, Yantai

5 types of microplastics and 5
types of antibiotics
Adsorption varied among
antibiotics, plastic types and
environmental conditions




Chemosphere 215 (2019) 846—857

wﬁ Contents lists available at ScienceDirect .

e o Chemosphere
Chemosphere

EIL.SEVIER journal homepage: www.elsevier.com/locate/chemosphere

Review
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metal and microplastic contaminated environments: An emerging e
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International Journal of Hygiene and Environmental Health 222 (2019) 89-100

Contents lists available at ScienceDirect

 Hygiene .
Environmental Health

International Journal of Hygiene and
Environmental Health

journal homepage: www.elsevier.com/locate/ijheh

Do plastics serve as a possible vector for the spread of antibiotic resistance? | M)
First insights from bacteria associated to a polystyrene piece from King g
George Island (Antarctica)

Pasqualina Lagana™', Gabriella Caruso™™", Tlaria Corsi®, Elisa Bergami®, Valentina Venuti,

Domenico Maj olino®, Rosabruna La Ferla®, Maurizio Azzaro®, Simone Cappello"
* Dept. of Biochemical and Dental Sciences and of the Morphological and Functional Images, University of Messina, Messina, Italy
P hstimte for Coastal Marine Environment (IAMC), National Research Council (CNR), Messina, Italy

“Dept. of Physical, Earth and Environmental Sciences, University of Siena, Siena, Italy
< Dept. of Mathematical and Computer Sciences, Physical Sciences and Earth Sciences, University of Messina, Messina, Ttaly

‘ 1 7 A South Shetland Islands
' / King George Island

“._ Antarctica

P
South Shetland Islands / . ‘
/ ‘ Maxwell Bay
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Parallel study SA Agulhas 11 — H Bouwman




Biofilms on surface of microplastics

mag WD  det
3.00 kV:3 000 x 5.2 mm ETD
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Biofilms on surface of microplastics
MicroPlastResist - SANOCEANS

WWTe will be pre-filtered to remove
large solids using a steel mesh

= T
-
U e
Microplastic particles of sizes Incubate in WWTe vs fres

2mm- Smm (PE, PP, PS)- WWTe /s artificial sea
exposure to UV and Seonication  ¢onical flasks
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Microorganisms from Microcosm Microplastics
Isolation using selective media

* E. coli
* +60 isolates
* Many positive for virulence features (produce haemolysin, Dnase, protease,
lipase)
* Analyses underway, antibiotic resistance patterns, molecular identification,
ARG detection

* Clostridia

* Yeasts

* 65 isolates

* Many positive for virulence features (produce haemolysin, Dnase, protease,
lipase)

* Antifungal resistance patterns — resistance to several antifungals

* Analyses underway, molecular identification, ARG detection
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A SCOPING STUDY ON MICROPLASTICS
IN WATER ENVIRONMENTS

Final report to the
WATER RESEARCH COMMISSION

15 January 2018

by

H Bouwman
K Minnaar
C Bezuidenhout
C Verster

North-West University

WRC Report No 1004803
ISBN No
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Log-transformed Fragments
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xamples of microplastics from surface water
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GUINEA:
Bissau

SIERRA LEONE

LiBeria
Somauia

Mismanaged plastic waste

Thousand tonnes 1 -
2500 SEYCHELLES
ComoRros
1000 .
500
100 ZAMBIQUE
10

@® 2010
MauriTius

@ 2025 (Forecast)
Inadequately managed waste
Percentage

SOUTH AFRICA
] More than 80
[] 60 to 80

[] Landlocked country -

[ ] 600rless

Source: Jambeck, ET AL, "Plastic Waste Inputs
from Land into the Ocean” Science 347, 2015

Fig. 3. Mismanaged plastic in Africa in thousands of tonnes as of 2010 (green circles) and projection of waste mismanagement forecast in 2025 given current practices (yellow circles).
(For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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Take home message

Extra Health Care Expenditure
In equivalent additional household tax
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* Finally

* Combinations of Microplastics and Pharmaceuticals in aquatic system could
speed-up and accentuate the threat of AMR

* Both are Drivers of AMR
* Interventions are needed
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authors and not the funding agencies.

@ NWU°



