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Lack of und
pathways

The extent of

transmission of AMR

between humans and:

- the environment,
and

- the animal sector

is still poorly measured

and understood.

Contact with
contaminated
animals

No data available

BMJ 2017; 358:j3393
http://dx.doi.org/10.1126/bm|.j3393

SEAK D dlILIAULIL CLIdILElYE
Risks of emergence and spread of antiblotic resstance

The WHO South Exst Asla B gion SSEAR! s nnw

the household can be wery
Brmited Combined with oot
m.'miecgunn eucalin
about hygiens, ransmiss
ey Fllbnhlm-uslu'l:lrar:
s ahighrisk

?E’

El  Community c_'
£ settiny 5
C) MErger
and sedection high
o ‘} 8 J o
[ 1 -
e \ M) Ineestion of
N orvtaminated water

@
@)

in Sauth East Asia

e

prescrptions o
are inaperoprately

=
awailsole without . _(L )5
prescribed y

— Hegligible

Poor implementation
ofinfecticn prevertion
pragrammes, bmfed
reaurce and pear
wareness amang
heaticare profesni ok
kend 122 high burden
of endemic heskhcans
exencisted infections

hawe food safety
policies, thess are oftzn
ooy enfonsd. Weat
EonsumpRian ramaing
ImRed across the
Tegon butis Increasing

T
i eapeciaet 1
T pas-contamminatad
s r‘k_rg mater, WA

erstanding of fransmission

prodxtio s o fature o
Antibiatics Jf the regon, which Imeohves
F rciease inuee of antimicronisls

P =
'. . II e |
\
| Hodea et
.....
r~

S QS

Antibiotic residues are rebeesad

L
and pherrma te pose Antibiotics Jf
aparticulry sgrficert s, Tre A

problems me compoun ded by
OO wesbewaber manzgerme Nt
andineficiert resiment
tecnalogy

|EHConsul’ring\—/

The integrafed environment and health consultancy

Contact with
contaminated
environment

No data available




|
i
I

l
!

Exchuces
S IPSroved udance medt n e UK Shrry,

|EHConsulﬁngM

The infegrated environment and health consultancy



Three major pathways for AMR to the
environment

1. Municipal and industrial wastewater;
2. Land spreading of animal manure and sewage sludge, and;

3. Aquaculture
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The value chain
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REVIEWS IN Aquaculture

Reviews in Aguaculture, 1-21 doi: 10.1111/raq.12367

Evaluating antimicrobial resistance in the global shrimp
industry

Kelly Thornber'? ([, David Verner-Jeﬁrey51'3, Steve Hinchliffe'®, Muhammad Meezanur Rahman®,
David Bass'> and Charles R. Tyler '

Centre for Sustainable Aquaculture Futures, University of Exeter, Exeter, UK
Biosciences, University of Exeter, Exeter, UK

Centre for Environment, Fisheries and Aguaculture Science, Weymouth, UK
Department of Geography, University of Exeter, Exeter, UK

Worldfish Bangladesh, World Fish Bangladesh Office, Dhaka, Bangladesh
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THE VALUE-CHAIN OF FARMED
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Figure 2: The Bangladeshi shrimp value-chain. Delphi experts were invited to ground their peer review in
the Bangladeshi value-chain, but most spoke to their experience with other value-chains.
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Inflow water is a major source of trout farming contamination with
Salmonella and multidrug resistant bacteria

Patricia Antunes *°, Joana Campos °, Joana Mourdo ®, Joana Pereira 2, Carla Novais ®, Luisa Peixe >*

¢ Faculdade de Ciéncias da Nutricdo e Alimentagdo, Universidade do Porto, Porto, Portugal
® UCIBIO/REQUIMTE, Departamento de Ciéncias Biolégicas, Laboratério de Microbiologia, Faculdade de Farmdcia da Universidade do Porto, Porto, Portugal

HIGHLIGHTS GRAPHICAL ABSTRACT

* Occurrence of resistant bacteria and Sal-
monella in trout farms and surround-
ings.

* Quinolone resistance genes were fre-
quently found in trout farms and envi-
ronment.

* Trout farms were contaminated with
low-level ciprofloxacin  resistant
Enterobacteria.

* Inflow waterin trout farms wasa source
of SHV-12-producing E. coli.

* Inflow water contaminated trout farms
with Salmonella serotypes of diverse
origin.
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Science of the Total Environment

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

Water supply and feed as sources of antimicrobial-resistant Enterococcus L)
spp. in aquacultures of rainbow trout (Oncorhyncus mykiss), Portugal a—

Carla Novais ?, Joana Campos ?, Ana R. Freitas 2, Mariana Barros ?, Eduarda Silveira *¢, Teresa M. Coque >,
Patricia Antunes *¢, Luisa Peixe *

¢ UCIBIO/REQUIMTE, Departamento de Ciéncias Biologicas, Laboratério de Microbiologia, Faculdade de Farmdcia da Universidade do Porto, Porto, Portugal
b Servicio de Microbiologia, Hospital Universitario Ramén y Cajal and Instituto Ramén and Cajal de Investigacion Sanitaria (IRYCIS), Madrid, Spain

¢ Centro de Investigacion Biomédica en Red de Epidemiologia y Salud Piblica (CIBER-ESP), Madrid. Spain

4 Faculdade de Ciéncias da Nutrigdo e Alimentagio, Universidade do Porto, Porto, Portugal
¢ Centro de Investigagdo Vasco da Gama (CIVG), Escola Universitdria Vasco da Gama, Coimbra, Portugal

¢ Unidad de Resistencia a Antibiéticos y Virulencia Bacteriana asociada al Consejo Superior de Investigaciones Cientificas (CSIC), Madrid, Spain

HIGHLIGHTS

» Aquacultural water supply and feed are
sources of multidrug-resistant Entero-
coccus.

* Aquacultures are underestimated
sources of low-level resistant Enterococ-
cus.

« Enterococcus with Cu tolerance and vir-
ulence genes are spread by water and
feed.

» Enterococcus lineages of human and
non-trout animal origins contaminate
aquacultures.

« Antibiotic resistant bacteria search is a
requisite for future Water Frame
Directive.

GRAPHICAL ABSTRACT
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The microbiome and antibiotic resistance in integrated fishfarm water:
Implications of environmental public health

Gary Klase #12, Seungjun Lee *!, Song Liang ®<, Jinnam Kim ¢, Young-Gun Zo 9, Jiyoung Lee *%*

2 College of Public Health, Division of Environmental Health Sciences, The Ohio State University, Columbus, OH 43210, USA
b Department of Environmental and Global Health, University of Aorida, Gainesville, FL 32610, USA

¢ Emerging Pathogens Institute, University of Florida, Gainesville, FL 32610, USA

4 Department of Biology, Kyungsung University, Busan 48434, South Korea

¢ Department of Food Science and Technology, The Ohio State University, Columbus, OH 43210, USA

HIGHLIGHTS GRAPHICAL ABSTRACT

* Integrated fishfarms in China were
tested for microbial threats to public
health.

+ Pathogens, antibiotic resistant bacteria,
and fecal contamination were detected.

« Human fecal contamination was con-
firmed; shows elevated risk of disease
transmission.

+ All ponds tested positive for presence of
antibiotic resistant bacteria.

+ Suggests high risk to pond workers di-
rectly exposed; possible risk to

consumers q‘%ﬁ_ 606 -
o)
0

o)
O!

Integrated aquaculture

Source attribution

l\licrtlhlt_'l_l‘l'le & Antibiotic resistance gene
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Contents lists available at ScienceDirect ﬁduaculture

Aquaculture

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

Antibiotic use in Vietnamese fish and lobster sea cage farms; implications for = M)

Ghack far
coral reefs and human health s
N. Hedberg®", L. Stenson®, M. Nitz Pettersson®, D. Warshan?®, H. Nguyen-Kim®, M. Tedengren?,
N. Kautsky”
* Department of Ecology, Environment and Plant sciences, Stockholm University, Sweden
® Baltic Sea Centre, Stockholm University, Sweden
© Institute of Oceanography (10), Vietnam Academy of Science and Technology (VAST), Viemam
ARTICLEINFO ABSTRACT
Keywords: Several papers have reported on the development of antibiotic resistance and implications for human medicine
Antibiotics but fewer deal with environmental impacts of antibiotic use. Marine sea cage aquaculture in SE Asia is often
Bacillus niahensis established close to coral reef ecosystems. Large amounts of antibiotics are used in the cultivaton of fish and
Sea cage aquaculture lobster and hence released directly into the environment.

This study investigates the antibiotic practices in sea cage farms producing fish and spiny lobster in Viemam,
mainly for the domestic market. There are approximately 3500 sea cage farms in Vietnam and we performed
semi-structured interviews with 109 sea cage farmers asking them if they use antibiotics and if so; what sort/
when/how often/how much.

We found that the Vietnamese cage farmers are using antibiotics in an unstructured way, which seems to have
little or no effect on the survival of the stock, or profit of the farm. The fact that the farmers live at their farm and
use the sea next to the cages both for fishing and collecting filter-feeding bivalves for direct consumption, as well
as a toilet, poses an additional risk for the spreading of human antibiotic resistant pathogens. Thirteen different
antibiotics were found in the study. Eighty-two percentage of the lobster farmers and 28% of the fishfarmers
used antibiotics. The average amounts used were over 5kg per produced ton of lobster and about 0.6 kg per ton
of fish, which is much higher than in other studies. Several antibiotic substances listed as “critical” and “highly
important” for human medicine by WHO were used prophylactically and routinely with litde control and en-
forcement of regulations.

We tested and detected antibiotic resistance to Tetracycline, Vancomycin and Rifampicin in the coral asso-
ciated bacteria Bacillus niabensis as far as 660 m from fish farms with resistance decreasing with distance from the
cage farms. The antibiotics are likely to have negative effects on the coral-symbiont relationship adding further
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MINIREVIEW
Exploring fish microbial communities to mitigate
emerging diseases in aquaculture

Irene de Bruijn’’, Yiying Liu*, Geert F. Wiegertjes?
and Jos M Raaijmakers?-?

1Department of Microbial Ecology, Netherlands Institute of Ecology (NIOO-KNAW), Droevendaalsesteeg 10,
Wageningen 6708PE, The Netherlands, ?Cell Biology and Immunology group, Department of Animal Sciences,
Wageningen University & Research, De Elst 1, Wageningen 6708WD, The Netherlands and *Institute of Biology
(IBL), Leiden University, Sylviusweg 72, Leiden 2333 BE, Leiden, The Netherlands

*Corresponding author: 1. de Bruijn, Department of Microbial Ecology, Netherlands Institute of Ecology (NIOO-ENAW), 6708FE Wageningen, The
MNetherlands. Tel: 0031 317 473496, E-mail: i.debruijnénico knaw.nl

" Shared first authors.

One sentence summeary: This review describes insights in the diversity and functions of the fish bacterial communities elucidated with next-generation
sequencing and discusses the potential of the microbes to mitigate (re-jemerging diseases in aquaculture.

Editor: Marcus Horn

ABSTRACT

Aquaculture is the fastest growing animal food sector worldwide and expected to further increase to feed the growing
human population. However, existing and (re-)emerging diseases are hampering fish and shellfish cultivation and yield. For
many diseases, vaccination protoceols are notin place and the excessive use of antibiotics and other chemicals is of
substantial concern. A mere sustainable disease control strategy to protect fish and shellfish from (re-)emerging diseases
could be achieved by introduction or augmentation of beneficial mictobes. To establish and maintain a ‘healthy’ fish
microbiome, a fundamental understanding of the diversity and temporal-spatial dynamics of fish-associated microbial
communities and their impact on growth and health of their aquatic hosts is required. This review describes insights in the
diversity and functions of the fish bacterial communities elucidated with next-generation sequencing and discusses the

potential of the microbes to mitigate (re-)emerging diseases in aquaculture.
|EHConsuliing\—/
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Antibiotic Effluent conc. pg / L (max) | Surface waters pg /L (max)
Penicillin 0.2 -

Erythromycin 6.0 1.7

Fluoroquinolones (ciprofloxacin, 0.1 0.1

norofloxacin)

Sulfamethoxazol 2.0 1.9

Chloramphenicol 0.5 -

Trimethoprim 0.7 0.7

Kummerer 2009
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Antimicrobial residues in water bodies downstream of different sources

Location / source Antibiotic

Thailand Sulfamethoxazole 16,000 ng/L 1,499 ng/L
Pharmaceutical/industrial JLLIE! Ciprofloxacin 0.064 pg/L 31 000 pg/L
wastewater
Municipal/community India Ampicillin 21 pg/L
wastewater
STP/WWTP Thailand Ciprofloxacin 0.064 pg/L .20 ug/L

Thailand Oxytetracycline 0.500 pg/L 3 ug/L

Enrofloxacin 1.6 pg/L

Thailand Roxithromycin Influent—235 ng/L

Effluent— 50 ng/L

Thailand Oxytetracycline 500 ng/L 180 ng/L
India Ciprofloxacin 0.064 pg/L 6500 pg/L

* PNEC = predicted no effect environmental concentrations

Bengtsson-Palme J, Larsson DGJ. Concentrations of antibiotics predicted to select for resistant bacteria: Proposed limits for
environmental regulation. Environ Int 2016;86:140-9. doi:10.1016/j. envint.2015.10.015
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Linus Sandegren. Selection of antibiotic resistance at very low antibiotic
concentrations. Upsala Journal of Medical Sciences. 2014; 119: 103—-107

* Rate with which resistance mutations (or acquisition of resistance genes through
HGT) will arise is expected to be higher at low concentrations of antibiotics. Non-
lethal concentrations of antibiotics mean that the bacterial population is not
eradicated as with high levels of drug where only pre-existing resistant mutants will

survive.

*» Low levels of antibiotics have been shown to increase homologous recombination rates,
stimulate horizontal gene transfer, and activate integrating genetic elements (29-34).
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Next steps....

e Having identified the hazard....
e Linkage to most important sources
* And determining the risk represented to the end receptors

e Risk managers typically prioritise effective mitigation through critical
control points.

e But what Is the hazard in question — ABR, AMR bacteria, or AMR genes
transferred between species/ pathogenic bacteria?

e Lack of evidence to inform dose/ response, source attribution and risk
assessment methodologies
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Thank you

e Professor Jason Weeks

* jasonweeks@btinternet.com | ’
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