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Ghana

Meetings with key stakeholders

Training: AST and disease
diagnostics

Projects looking at AMU and at
AMR in aquaculture and livestock
sectors

Cefas: involved in Lake Volta tilapia
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First detection of Infectious Spleen and kidney Necrosis Virus (ISKNV) associated
with massive mortalities in farmed tilapia in Africa
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Use of antibiotics in Aquaculture

 Antimicrobials used to control bacterial
diseases in farmed fish

* Vaccines: reduced use. e.g. 50 mtin Norway in
1991 to 649 kg in 2007

* Limited range of available licensed antibiotics

UK: oxytetracycline, amoxicillin, (oxolinic acid),
florfenicol

Centre for Environment
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What Is resistance

How Antibiotic Resistance Happens

1. 2. 3.

Lots of germs. Antibiotics kill The drug-resistant
A few are drug resistant. bacteria causing the illness, | bacteria are now allowed to
as well as good bacteria grow and take over.
protecting the body from
infection.

4

Some bacteria give
their drug-resistance to
other bacteria, causing

more problems.

\

CDC, Antibiotic resistance threats in the United States, 2073. 2013, Centre for Disease Control and Prevention.
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FROM THE FOLLOWING ARTICLE:

Antimicrobial-resistant bacteria in the community setting E. Yoko
Furuya & Franklin D. Lowy Nature Reviews Microbiology 4, 36-
45 (January 2006) doi:10.1038/nrmicro1325



http://www.nature.com/nrmicro/journal/v4/n1/full/nrmicro1325.html
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AMR In Aquaculture

» Early reports of resistance:

 N. America; SA and Tet resistant A. sa/monicida
strains 1950's and 1960s

« Pentaresistant strains by early 1990's in N. European
A. salmon culture

e Some resistance intrinsic

« Early recognition of role of conjugative plasmids in
spreading AMR in aquaculture pathogens

« R plasmids now found in almost all drug resistant fish
pathogens (Aoki 1992)

* Increasing evidence that these R plasmids, and associated
AMR genes, inte%rons and transposons often very similar to
those found in clinical isolates
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Drivers of AMR | in Aquaculture
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» Direct selection , ““d B 8
pressure: e SN

> Antibiotic use

e Gene transfer from the
environment:

> Pond fertilization
»Agricultural run off
>»Human effluent
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Typical therapeutants used i Indian major carp feeds

Feed additive

Content
(percent Al*)

Cost

Dosage and use

Branded antibiotics

Oxytetracyclin

10

Enrofloxacin

10

600 INR/kg (US$12.7/kg)

Sulphamethoxisole +
Trimethioprim

1042

100 mg Al/kg fish weight
(consecutively for 7 days)

Chlorotetracyclin

15

Crustacean parasiticides

lvermectin

0.2

280 INR/kg (US$5.9/kg)

1 kg brand product/1 000 kg feed)
(consecutively for 5 days)

Anthelminthics

Albendazole

260 INR/kg (US$5.5/kg)

1 kg brand product/1 000 kg feed
(consecutively for 5 days)

* Al = active ingredient.

Source: Field Survey (2010).




Detection of resistance

* Phenotypic 3 x

Quantitative QIDOISCCCOOC By

MIC SRR RS [ )
WT mmNWT Normal distribution

Qualitative

S/I/R or

ECOFF: Wild Type
versus non Wild Type

PERCENTAGE

8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42
ZONE SIZE (MM)

* Genotypic Next Generation Sequencing
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IncA/C - an example

IncA/C are a group of plasmids conferring resistance to a range of antibiotics, including

florenphenicol, streptomycin and tetracycline. Now found in numerous distantly-related bacteria:

Yersinia pestis (bubonic plague) in Madagascar.
Vibrio cholerae in China.
Salmonella enterica(humans and cattle) in USA and France.

Furunculous in Atlantic
salmon in Canada.

Photobacterium damselae - o o e
subsp. damselaein Japan.

Edwardsiela ictiluriin
catfish, USA.

All linked to acquisition of
iNcA/C plasmids via
horizontal gene transfer

113,320 bp

Welch et al. 2007
PL0oS ONE 2(3): e309



Multidrug resistant Edwardsiela ictilurt
from catfish in USA

* Resistance mediated by IncA/C plasmid.
* Transferrable resistance to :

Florfenicol, oxytetracycline, chloramphenicol,
stretomycin, potentiated sulphonamides,

ampicillin and 2" and 3™ generation
cephalosposins (e.g ceftiofur and cefoxin)

* R genes: floR and blaCMY-2 detected

Welch et al. 2009 Antimicob Agents Chemother 53,
845-846
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Example: Flavobacterium psychrophilum

 Rainbow trout fry syndrome (RTFS)/
bacterial cold water disease : one of
common diseases constraining salmonid
production worldwide

No licensed vaccines
Farmers use antibiotics
Surveillance data gaps

e Antimicrobial use to control RTFS/
BCWD

Resistance
— Rates of resistance in Fp
— Risks of resistance in Fp emerging?

Complication: differences in testing
Brocedures and the interpretive criteria
etween laboratories.
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Antimicrobial susceptibility of Flavobacterium psychrophilum
isolates from the United Kingdom

(] o
o TPHNgo™® | PSmith? | KLBartie® | TDKim® | D W Verner-Jeffreys® |
o000 RHoare! | A Adams!

140 £ psychrophilumisolates tested , 125 from range UK farms 2005-

20B1r50th Microdilution

« VETO04-A2 guideline
(CLSI, 2014)

Disc Diffusion
« MA42-P protocol (CLSI,
2006)

* Sensititre CMPIMSP 06k "0 ug: ENRO, 5 pg: FEN, 30 pg;

plates OA, 2 pg; OTC, 30 pg; SXT, 25 g

Normalized resistance interpretation(NRI) was used to:
determine the epidemiological cut-off value (COWT).
Identify wild type (full susceptibility, WT) and non-wild type
(reduced susceptibility, NWT) isolates.
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Conclusions

* Florfenicol is still the most effective treatment for
controlling RTFS outbreaks within the UK.

« Oxytetracycline and amoxicillin could be considered as
alternative  antimicrobials to FFN for RTFS
management.

e It is important to perform routine susceptibility testing
using standardised methods (e.g. VET04-A2 guideline)
and CO,,; values (e.g. NRI).




Strain MOF25P, Contig AB671_contig000055

- 15 kb

10 kb 122 kb 124 kb 126 kb 128 kb 130 kb 132 kb 134 kb
| | | | | | | | | | | | | | |

< < ¢ { 4 | AB671 02208 > > > > > > | > > > > > O] < 3 C
AB671_02205 & AB671_02206 Relaxasa/Mobilisation : AB671_02210 AB671 02211 : ABB671_02213 AB671_02214 AB671_02215 ABB671_02217
Putative DNA-invertase A ey : Bicyclomycin Putative Transposase : Tetracycline- Streptothricin ~ RteC Protein Hypothetical Protein
from lambdoid prophage Rac “ 3 ) ! ! : resistance protein (floR) : inactivating enzyme resistance protein - - r
| > > > > | AB671 02209 :
L 9 : AB671_02212 ABB71_02218
Chloramphenicol : i i sl : AB671_02218
. : PTEMIECN paTise) RES Domain Protein Hypothetical Protein

Hypothetical Protein acetyltransferase
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o Detection of the florfenicol resistance gene floR
MICROBIOLOGY in Chryseobacterium isolates from rainbow trout.
Exception to the general rule?

David W. Verner-Jeffreys &, Thomas Brazier, Ramon Y Perez, David Ryder,
Roderick M. Card, Timothy J. Welch, Rowena Hoare, Thao Ngo, Nikki McLaren,
Richard Ellis, ... Show more
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e Antibiotics use —— Harvest Quantity - Atlantic salmon, trout and farmed cod

Norwegian data but similar trends in Scotland

The challenge domestication of new species

Emerging disease and escalating use of antibiotic through the 1980s

Rapid decline in antibiotic use in the early 1990s as vaccine technology advanced



Antibiotic Usage D;é

Antibiotic usage by food-producing animal species,
2018 compared with 2015, 2016 and 2017

Gamebirds

Salmon
Trout
Dairy'

Beef t
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Total 2018 Total 2018 Total
coverage %" tonnage** per unit*™*
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90 | [ 02 | [ 13mms |
30 || 49 | [ 17mgne |
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https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/842678/PCDOCS-_1705145-v1-UK-VARSS_2018_Report__2019__FINAL_v2.pdf

Conclusions

Use of antimicrobials in aquaculture has driven selection of resistant bacteria

Strong evidence: transfer of R determinants and plasmids from
human/terrestrial animal environments into aquaculture environments

Transfer in opposite direction yet to be established

Focus of future work:
* Determine extent of use of antimicrobial agents in aquaculture
* Assess development of resistance in key pathogens

e Standard setting : methods and interpretative criteria. Generation of ECOFF values
for key aguaculture pathogens. CLSI & EUCAST

Gain better understanding of factors promoting environmental persistence (e.g.
co-selection for metals/ biocide resistance)

Assess real risks to humans, terrestrial animals and fish of antibiotic use in
aquaculture

Recommend methods/practices to minimise identified risks
One Health Approaches needed!
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