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Established 2018
Cefas – aquatic animals 
and the environment 

APHA – terrestrial 
animals, the 
environment and food 
stuffs

VMD – monitoring 
antimicrobial use AMU 
and development of 
policy surrounding AMR 
and AMU

FAO Reference Centre  for AMR (UK) 



Residues surveillance workshop 
in Laos

Active surveillance in 
Bangladesh with local farmers 
and FAO Officials.

Antimicrobial use surveillance and 
medicines authorizations Ghana Food 
and Drug Administration.

Antibiotic residues surveillance 
workshop in Philippines.

Fleming fund fellowship workshop in 
Nigeria.

Reference Centre Scientists with 
Professor Dame Sally Davies at 
the launch of the Reference 
Centre in Ghana, November 2018.



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 
disease investigations



Use of antibiotics in Aquaculture 

• Antimicrobials used to control bacterial 
diseases in farmed fish 

• Vaccines: reduced use. e.g.  50 mt in Norway in 
1991 to 649 kg in 2007 

• Limited range of available licensed antibiotics 
UK: oxytetracycline, amoxicillin, (oxolinic acid), 
florfenicol 



What is resistance

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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Taylor et al. 2011. 



AMR in Aquaculture

• Early reports of resistance:
• N. America: SA and Tet resistant A. salmonicida

strains 1950’s and 1960s
• Pentaresistant strains by early 1990’s in N. European 

A. salmon culture

• 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, integrons and transposons often very similar to 
those found in clinical isolates 



Drivers of AMR in Aquaculture

• Direct selection 
pressure:

➢Antibiotic use

• Gene transfer from the 
environment:

➢Pond fertilization

➢Agricultural run off

➢Human effluent



Our unique offer

Drivers of AMR in Aquaculture

• >90% of aquaculture takes place in SE Asia and other 
LMICs

• Major knowledge gaps

• Poor knowledge on AMU and AMR 

• Risks not well understood 

• In Europe vaccine use driven down requirement for 
antibiotics



Use of antibiotics in Indian aquaculture

Picture courtesy of Divika Pillai   



Detection of resistance
• Phenotypic

Quantitative
MIC

Qualitative
S/I/R or 
ECOFF: Wild Type 
versus non Wild Type 

• 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
subsp.  damselae in Japan.

• Edwardsiela ictiluri in 
catfish, USA.

• All linked to acquisition of 
incA/C plasmids via 
horizontal gene transfer.

Welch et al. 2007 

PLoS ONE 2(3): e309



Multidrug resistant Edwardsiela ictiluri
from catfish in USA

• Resistance mediated by IncA/C plasmid.

• Transferrable resistance to :

Florfenicol, oxytetracycline, chloramphenicol, 
stretomycin, potentiated sulphonamides, 
ampicillin, and 2nd and 3rd generation 
cephalosposins (e.g. ceftiofur and cefoxin)

• R genes: floR and blaCMY-2 detected.

Welch et al. 2009 Antimicob Agents Chemother 53, 
845-846



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

• Antimicrobial use to control RTFS/
BCWD

• Resistance
– Rates of resistance in Fp
– Risks of resistance in Fp emerging?

• Complication: differences in testing
procedures and the interpretive criteria
between laboratories.



Filling the data gaps…:

140 F. psychrophilum isolates tested , 125 from range  UK farms 2005-
2015

Broth Microdilution
• VET04-A2 guideline 

(CLSI, 2014)
• Sensititre CMP1MSP 

plates 

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.

Disc Diffusion
• M42-P protocol (CLSI, 

2006)
• AMOX, 10 µg;  ENRO, 5 µg; FFN, 30 µg; 

OA, 2 µg; OTC, 30 µg; SXT, 25 µg 





Oxytetracycline

Amoxicillin

Florfenicol

Oxolinic acid 



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.

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







Antibiotic Usage Data

Source: p. 8

VARSS REPORT 2018 

Antibiotic usage by food-producing animal species,

2018 compared with 2015, 2016 and 2017

22

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
• Standard setting : methods and interpretative criteria. Generation of ECOFF values 

for key aquaculture 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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