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PREPARATION OF THIS DOCUMENT 

This document presents the outputs and activities of FAO Project FMM/RAS/298/MUL on 

antimicrobial resistance (AMR) in fisheries and summary of FAO’s recent work on AMR in 

aquaculture. It highlights the activities and outputs of the above-mentioned project, and also provides 

a brief summary of FAO’s actions and activities related to AMR in aquatic animals that have been 

accomplished since the project was completed in early 2018 up to present. 

The project was jointly implemented by the Aquaculture Branch (NFIA) and the Product, Trade and 

Marketing Branch (NFIM). The project supports FAO’s Strategic Programme 4: Enable more inclusive 

and efficient agricultural and food systems, specifically Output 4.1.4: Public sector institutions are 

supported to improve their capacity to design and implement better policies and regulatory frameworks, 

and to provide public services related to plant and animal health, food safety and quality.  

This report was prepared under the technical supervision of Dr Melba G. Bondad-Reantaso of the 

Aquaculture Branch of the Food and Agriculture Organization of the United Nations (FAO), Rome. 
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ABSTRACT 

This report presents the implementation activities and results of the Food and Agriculture 

Organization of the United Nations (FAO) Project FMM/RAS/298/MUL: Strengthening capacities, 

policies, and national action plans on prudent and responsible use of antimicrobials in fisheries. The 

objectives of this project were to develop and/or enhance the knowledge, skills and capacity of the 

participating Competent Authorities on fisheries and aquaculture, as well as to assist them in the 

development and implementation of policies and national action plans (NAPs) on the prudent and 

responsible use of antimicrobials.  

The major implementation activities were three regional workshops held in Mangalore, India from 

10–12 April 2017; Putrajaya, Malaysia from 7–9 August 2017; and Singapore from 12–14 December 

2017. Through the active participation of a total of 92 participants from 14 countries representing 

intergovernmental organizations, academe, research institutions, government and the private sector, 

and  a total of 67 technical and country experience presentations and 12 technical working group 

discussions, the participants in these three regional workshops were provided : (i) increased 

awareness, knowledge and skills; (ii) guidance in the conduct of antimicrobial use (AMU) and 

antimicrobial resistance (AMR) surveillance; (iii) opportunities for intensive exchange of 

information between country nationals and experts; (iv) a venue for better understanding of country 

situations with respect to aquaculture biosecurity status, AMR-related activities and ongoing actions; 

and (v) overall guidance in the development of the aquaculture component of country NAPs on AMR 

and the integration of the aquatic component. 

Workshop 1, held in Mangalore and attended by 19 participants from 11 countries, was convened as 

a planning workshop with the objective to improve understanding of AMU and AMR in the aquatic 

sector and country-specific situations as a basis for developing the sector-specific design of AMU 

and AMR monitoring and surveillance mechanisms, training modules on prudent use of 

antimicrobials and good biosecurity and husbandry best practices, and guidance in the development 

of the aquatic component of the national action plans (NAPs) on AMR to selected countries 

(People’s Republic of China, Malaysia, the Philippines and Viet Nam).  

Workshop 2, held in Putrajaya and attended by 37 participants from 15 countries, built on the 

foundation established during Workshop 1 and further clarified the pathway to the aquaculture 

component of the national action plans (NAPs) on AMR. 

Workshop 3, held in Singapore and attended by 46 participants from 15 countries provided an 

important platform to improve the scientific understanding of AMR, share experiences in setting 

governance mechanisms to support NAPs on AMR (within One Health and Tripartite mechanism), 

continuously enhance knowledge on food fish safety hazards, disease prevention, correct diagnostics, 

disease management and best practices (good biosecurity and good aquaculture) and identify future 

actions and capacity development needs.  

The project enhanced the capacities of national Competent Authority (technical specialists, 

inspection and laboratory staff) to enable productive engagement with other lead agencies (e.g. the 

World Health Organization (WHO), national agriculture, food safety and animal health authorities), 

particularly with respect to their aquaculture and fish food safety component contributions to the 

NAP and the integration of the aquatic sector within the One Health framework. 

The report also briefly summarizes the recent actions and activities taken by FAO related to AMR in 

aquaculture since the completion of this project, including awareness raising targeting policymakers 

and aquaculture stakeholders, relevant publications, candidate reference centers and other ongoing 

projects to date. 
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1. BACKGROUND 
 
1. Aquaculture continues to be the world’s fastest-growing food production sector and is expected 

to play a key role in meeting the increasing worldwide demand for aquatic animal products. By 2030, 

aquaculture is predicted to make up 62 percent of food-fish production and is expected to become the 

dominant contributor in the world fish supply. Aquaculture not only plays a vital role in alleviating 

hunger, but also provides high-quality nutrition to the world, improving livelihoods, stimulating and 

creating decent work and economic growth, and alleviating poverty, particularly in low income food 

deficit countries (LCDCs). Achieving the sustainable development of global aquaculture is, therefore, 

an imperative agenda for the global economy and for achieving a better and more sustainable future for 

all. 

 

2. Aquatic animal diseases are primary constraints to the successful production of many aquatic 

species. Although the capability for holistic management of aquaculture health issues has increased 

tremendously in the last 30 years, the enormous gains in global aquaculture production capacity have 

partly been achieved with the use of veterinary medicines, including antimicrobials. As the rapid 

development of the aquaculture sector continues to generate new challenges exacerbated by the 

increased diversification and intensification seen in the industry today, it is of utmost importance to 

maintain the efficacy of antimicrobial agents through prudent use, not only to create a more robust and 

sustainable aquaculture sector, but also for environmental and human health. 

 

3. Antimicrobial resistance (AMR) is a global concern and is now recognized as one of the greatest 

threats to public health worldwide. Relevant literature over the last ten years provides information on 

the prevalence of AMR in selected bacteria associated with terrestrial and aquatic animals, plants and 

food/feed. While AMR can occur naturally through microbial adaptation to the environment, it has been 

amplified due to inappropriate and excessive use of antimicrobials, which may be due to several factors, 

including, for example:  

 lack of regulations and oversight of use;  

 poor therapy adherence;  

 non-therapeutic use; 

 easy access through over-the-counter or Internet sales; and 

 availability of counterfeit or poor-quality antimicrobials.  

 

4. The Food and Agriculture Organization of the United Nations (FAO) Project FMM/RAS/298: 

Strengthening capacities, policies, and national action plans on prudent and responsible use of 

antimicrobials in fisheries, took place from January 2017 to April 2018 and provided technical 

assistance to four targeted countries (People’s Republic of China, Malaysia, the Philippines and Viet 

Nam) in strengthening capacities, policies and national action plans (NAPs) on prudent and responsible 

use of antimicrobials in the aquaculture sector. This was achieved through the following: 

(i) documentation of antimicrobial use (AMU) in aquaculture through AMU and, possibly, AMR 

surveillance and other relevant informal surveys; (ii) enhancing capacities on prudent AMU and good 

biosecurity and husbandry best practices; and (iii) promoting advocacy, communication and educational 

activities, all leading to policy support towards AMR prevention. 

 

5. At the end of the project implementation, knowledge, skills and capacity were enhanced and 

implementation of policies and development of NAPs on prudent and responsible AMU by Competent 

Authorities (fisheries and aquaculture, animal health) are in place. The aquaculture component of the 

NAP on AMR was initiated within the context of the FAO Action Plan on AMR (FAO, 2016) and the 

One Health approach, coherent with the AMR Tripartite – FAO/World Organisation for Animal Health 

(OIE)/World Health Organization (WHO) – arrangements. AMR in aquaculture was highlighted during 

the 8th session of the FAO Committee on Fisheries Sub-Committee on Aquaculture (COFI/SCA) and 
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is an area of work emphasis of the Aquaculture Branch (FIAA) of FAO’s Department of Fisheries and 

Aquaculture2. 

 

2. MAJOR PROJECT IMPLEMENTATION ACTIVITIES 

 
6. The major activities for the implementation of FAO Project FMM/RAS/298/MUL: 

Strengthening capacities, policies, and national action plans on prudent and responsible use of 

antimicrobials in fisheries were the following: 

1) three regional workshops held in India (April 2017), Malaysia (August 2017) and Singapore 

(December 2017); 

2) national awareness and capacity-building activities undertaken at the country level (Malaysia, 

the Philippines and Viet Nam);  

3) AMU and AMR surveillance activities conducted at the country level (Malaysia, the 

Philippines and Thailand). 

  

2.1 Regional Workshops: India, Malaysia and Singapore 

 
7. Three regional workshops were held in Mangalore, India; Putrajaya, Malaysia and Singapore 

in April, August and December 2017, respectively. The objectives of the three workshops were to: 

(i) raise awareness, knowledge and skills; (ii) provide guidance in the conduct of AMU and AMR 

surveillance; (iii) provide opportunity for the intensive exchange of information between country 

nationals and experts; and (iv) provide a venue for the better understanding of country situations with 

respect to their aquaculture biosecurity status, AMR-related activities and ongoing actions. The three 

workshops were attended by a total of 92 participants, including delegates representing the  Competent 

Authorities the four target countries (i.e. officials of the People’s Republic of China, Malaysia, the 

Philippines, and Viet Nam), representatives from other  Asian countries, international experts and other 

relevant stakeholders, who shared and increased education, awareness, technical expertise and country 

experiences in AMR and prudent and responsible AMU through a combined total of 66 presentations 

and 12 technical working group discussions. 

 

2.1.1 Workshop 1: Mangalore, India, 10–12 April 2017 (Annex 1) 

 

8. Nitte University hosted Workshop 1, the first of a series of three regional workshops, at the 

Gateway Hotel, Mangalore, India. Detailed detailed information and presentations of Workshop 1 are 

accessible through the link http://www.fao.org/fishery/nems/40953/en. 

 

9. The objective of Workshop 1 was to conduct a planning workshop to foster a better 

understanding of AMU and AMR in the aquatic sector. Country-specific situations were the basis for 

developing the sector-specific design of AMU and AMR monitoring and surveillance mechanisms, 

training modules on prudent AMU, good biosecurity and husbandry best practices, and guidance in the 

development of the aquatic component of NAPs on AMR. 

 

10. The workshop was attended by 19 participants, including seven country delegates (one from 

the People’s Republic of China, and two each  from Malaysia, the Philippines and Viet Nam), seven 

FAO resource experts, and one representative each from the Network of Aquaculture Centres in  

Asia-Pacific (NACA) and the World Organisation for Animal Health (OIE). 

 

11. The workshop successfully achieved the objective and enhanced knowledge, skills and 

capacities of the participants to develop and implement policies for NAPs on prudent and responsible 

use of antimicrobials through 11 presentations on the history, background and efforts surrounding AMU 

and AMR; five presentations describing country-specific situations with respect to AMU and AMR; 

                                                           
2 The FIAA has a new acronym NFIA under the FAO Division of Fisheries (NFI). 

http://www.fao.org/fishery/nems/40953/en
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and three presentations providing guidance from past experiences. The important outputs of the 

workshop were the outcomes of the four working group discussions on: (1) the development of NAPs 

on AMR, (2) AMU/AMR surveillance, (3) AMR monitoring and (4) guidance on best practices in 

aquaculture, all of which offered specific guidance and suggestions for increasing prudent AMU and 

best practices guidelines for aquaculture.  

 

12. The most-discussed aspects of prudent AMU, mitigating the development of AMR, and the 

creation of surveillance and monitoring systems were: (i) many farmers have widespread access to 

unlabelled antimicrobials sourced from unknown locations, making regulation and accurate AMU data 

collection increasingly difficult; (ii) the need for a standardized, internationally recognized 

methodology for susceptibility testing; (iii) the dangers of using terrestrial sampling and testing methods 

in aquaculture without any modifications; (iv) the recognition that the most effective and useful survey 

methodologies include on-the-ground, face-to-face surveys that are expensive and labour intensive; and 

(v) the lack of recommendations of best practices for application of antimicrobials available to farmers.  

 

13. The meeting was highly successful in setting a solid foundation for understanding AMU and 

AMR and identifying the major challenges that lie ahead in the development of NAPs on AMR by 

various countries. Participants were informed of country-specific situations regarding AMU and AMR.  

Country delegates were informed of best practices, alternatives to AMU and the underlying science 

behind the urgency of AMR. Annex 1 presents the full report of Workshop 1. 

 

2.1.2 Workshop 2: Putrajaya, Malaysia, 7–9 August 2017 (Annex 2) 

 

14. The Department of Fisheries, Malaysia hosted Workshop 2, at the Everly Hotel in Putrajaya, 

Malaysia. Detailed information and presentations of Workshop 2 are accessible through the link 

http://www.fao.org/fishery/nems/40956/en. 

 

15. The objective of Workshop 2 was to provide an update on the progress of AMU and AMR 

surveys and the status of  NAPs on AMR; gain further knowledge on best practices in diagnostics, AMU 

and other good aquaculture biosecurity practices in different aquaculture commodities; continue 

education on AMU/AMR; develop training modules on good aquaculture and biosecurity practices (for 

selected species) and the prudent use of antimicrobials for stakeholders; and develop guidance on 

antimicrobial susceptibility testing for selected species (e.g. carps, tilapia, shrimp). 

 

16. Workshop 2 was attended by 37 participants originating from 13 countries. The target-country 

delegates came from the People’s Republic of China, Malaysia, the Philippines and Viet Nam. Other 

participants came from Croatia, India, Indonesia, Ireland, Myanmar, the Netherlands, the Philippines, 

Sri Lanka, Thailand, the United Kingdom, and the United States of America and included invited 

international experts from intergovernmental organizations, academe and research institutions. 

 

17. The workshop achieved the set objectives of contributing to the aquaculture component of 

NAPs on AMR in the four target countries, improving AMR and AMU surveillance methodology in 

the countries, improving understanding of alternatives to antibiotics in selected aquaculture species and 

the best practices in responsible use of antimicrobials in selected aquaculture species. The workshop 

included a total of 25 presentations (four NAPs on AMR country status reports; four AMU/AMR survey 

country reports; 13 technical presentations on best practices on diagnostics, AMU and risk analysis; 

and four integrated fish/livestock farming country reports) and four technical working groups that 

examined all available information and prepared a more explicit guidance on best practices on AMU in 

selected aquaculture species (carp, tilapia, shrimp and channel catfish) using a hazard analysis and 

critical control points (HACCP) approach where critical points or risk stages in the aquaculture 

production cycle are identified and appropriate risk management or biosecurity measures (at various 

levels) can be applied. The workshop facilitated the exchange of knowledge and information among 

participants and experts, clarified the pathway, and strengthened the process of development of the 

aquaculture component of NAPs on AMR. The workshop also supported AMU and AMR surveys in 
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the four target countries through information from partner countries and global practices. It also 

elucidated the best practices in responsible AMU from different parts of the world, explained the 

scientific aspects of AMR better, discussed the presence of AMR in zoonotic pathogens, as well as 

complications in source attribution, and discerned alternatives to antibiotics in selected aquaculture 

species.  

 

18. The workshop identified a number of intersessional activities to be accomplished. These 

included finalizing the NAPs on AMR; conducting AMU/AMR surveillance; and preparation of 

information, education and communication (IEC) best practice materials on AMR and prudent AMU 

(including translation to local languages), to be used for raising awareness and testing the applicability 

of best practice guidance, and contributions to the November 2017 World Antibiotic Awareness Week.  

Annex 2 presents the highlights of Workshop 2. 
 

2.1.3 Workshop 3: Singapore, 12–14 December 2017 (Annex 3) 
 

19. The Agri-Food and Veterinary Authority of Singapore (AVA), in collaboration with Infofish, 

hosted the third and final workshop at the Concorde Hotel, Singapore. Detailed information and 

presentations of Workshop 3 are accessible through the link http://www.fao.org/fishery/nems/41001/ar. 

 

20. The objectives of Workshop 3 were to advance knowledge on best practices in diagnostics, 

AMU and other good aquaculture biosecurity practices at different levels; further continue education 

on AMU/AMR; and build a consensus on the way forward within the framework of the four pillars of 

the FAO Action Plan on AMR: governance, awareness, evidence and best practice. The outcomes and 

experiences of three related projects on AMR were also discussed:  

 Aquaculture biosecurity component of FAO Project FMM/RAS/298: Strengthening capacities, 

policies and national action plans on prudent and responsible use of antimicrobials in fisheries; 

 Food safety component of FAO Project FMM/RAS/298: Strengthening capacities, policies and 

national action plans on prudent and responsible use of antimicrobials in fisheries; and 

 FAO Project OSRO/RAS/502/USA: Addressing antimicrobial usage in Asia’s livestock, 

aquaculture and crop production systems – subproject: Documentation and characterizing 

antimicrobial use in the aquaculture sector being implemented by Network of Aquaculture 

Centres in Asia-Pacific (NACA).  

 

21. Workshop 3 was attended by 46 participants representing intergovernmental organizations, 

academe, research institutions, government and the private sector and coming from the 15 countries 

(People’s Republic of China, Croatia, India, Indonesia, Ireland, Malaysia, Myanmar, the Netherlands, 

the Philippines, Singapore, Sri Lanka, Thailand, the United Kingdom, the United States of America and 

Viet Nam. 

 

22. The objectives of Workshop 3 were successfully achieved through the 23 presentations on 

country experiences and progress on AMR and AMR NAP developments, governance, awareness and 

aquaculture best practices. During the four technical working group discussions, participants addressed 

the four pillars through which AMR can be engaged: governance, awareness, evidence and best practice. 

The essential components of each pillar in capacity building were identified and analysed to include 

stakeholder responsibility and implementation time frames. Prioritization of suggested elements for 

action was based on time frame and on its being for national, regional or international purpose. The 

working groups also discussed possible resource mobilization opportunities from in-country resources 

and regional and international donors, as it was unanimously agreed that cooperation between the key 

stakeholders is necessary in mitigating the impact of AMR in aquaculture and that it is vital to step up 

efforts on prudent AMU. 

 

23. FAO’s Global Biosecurity Framework was then discussed, and an important outcome of the 

final workshop was the emphasis that a paradigm shift is required and that business as usual cannot go 

on. Many aquatic animal diseases have resulted not only in massive losses of high-quality food and 
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nutrition, but also in substantial negative impacts on economies and livelihoods, and AMR will continue 

to exacerbate these problems. 

 

24. A major aspect highlighted in the conclusions was the importance of putting the farmers 

themselves into the equation and the vitally important role they play in prudent and responsible AMU. 

Other issues highlighted to be continually worked on and improved include:  

 policy improvement and enforcement; 

 improving the understanding of AMU and AMR; 

 education and awareness and communication; 

 focusing on farmers and extension officers; 

 alternatives to antimicrobials; 

 regional cooperation and public-private-partnerships; 

 incentives; 

 consumer perspectives and influence; and  

 prevention. 

 

25. Annex 3 presents the highlights of the final Workshop. 

 

2.2 Country-level national awareness and capacity-building activities (Malaysia, the 

Philippines and Viet Nam) 

 

26. In Malaysia, an AMR working group of the Department of Fisheries (DoF) was established and 

for the AMU survey, and questionnaires were prepared and sent to farmers. A draft of an Integrated 

AMR Surveillance Manual has been prepared, and four laboratories have been working on surveillance 

using the following target organisms: Vibrio parahaemolyticus, Escherichia coli and Salmonella sp. A 

list of antibiotics for susceptibility testing has been developed based on their use in human medicine 

and the veterinary sector. It was proposed to develop best practices based on survey and surveillance 

results and include the criteria in the Malaysia Good Agricultural Practices (MyGAP) and Food Quality 

Control certification requirements. To promote awareness of this undertaking, a special slot on AMR 

was added during the Asia-Pacific Aquaculture Conference (July 2017) and discussed in a number of 

workshops and stakeholder meetings. The aim of the survey was to raise awareness of AMR among 

fish farmers, identify the mechanisms of resistance, and the actions to be taken by farmers. On 4 August 

2017, the DoF conducted a National Seminar on Antimicrobial Resistance in Fisheries for all relevant 

stakeholders in the Malaysian aquaculture industry that gathered 130 participants including aquaculture 

business owners (whiteleg shrimp, tiger shrimp, giant freshwater prawn and finfish farmers), feed and 

drug suppliers and fish health professionals. The event was co-organized with the Malaysian 

Aquaculture Development Association, an organization with a good working relation with the DoF. 

The objectives of the seminar, in line with Activities 1 and 2 of the NAP on AMR in fisheries, were to: 

(1) raise awareness on the risk of AMR in fisheries to human and animal health, as well as to the 

environment; (2) consult on the activities included in the NAP on AMR in fisheries with all the relevant 

stakeholders; and (3) conduct a national survey on AMU in fisheries. 

 

27. To establish the governance mechanisms, coordination meetings with other participating 

agencies were held to finalize the NAP. This activity is under the umbrella of activities led by the 

Ministry of Health, under which activities for AMR in aquaculture is an important component. The 

Malaysia NAP on AMR was launched in 2018. Awareness-building activities that echoed the 

workshops organized under FAO Project FMM/RAS/298/MUL in India, Malaysia and Singapore were 

held for Competent Authorities and given to personnel in the agriculture and fisheries sectors, as well 

as to students of aquaculture. Posters were prepared for farmers, feed distributors and aquaculture 

suppliers. 

 

28. In the Philippines, the key strategy in the NAP is to strengthen surveillance on AMU and 

laboratory capacity to detect AMR. The National Residue Control Programme (NRCP) is being 

implemented, covering 400 registered aquaculture farms, and the residue testing laboratory is accredited 
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according to International Organization for Standardization ISO17025 requirements. The sampling and 

testing procedures are in accordance with European Union (EU) market requirements, and an annual 

sampling plan has been developed and implemented. Farms that test positive may be penalized by 

suspension of registration, which can be restored after corrective action has been satisfactorily 

implemented. Non-compliant batches from feed lots are recommended for withdrawal from sales and 

eventual destruction. Currently, data from the NRCP are available for the shrimp, tilapia and milkfish 

sectors. Another key strategy in the Philippine NAP is to ensure uninterrupted access to essential 

medicines of assured quality. Key activities to achieve this strategy are the rationalization and 

harmonization of regulatory controls over the manufacture and use of antibiotics in animals. A draft 

administrative order on regulation of drugs for use in aquaculture based on the Food Safety Act is in 

process. Another key strategy is enhanced infection prevention and control across all sectors. Inclusion 

of good aquaculture practices (GaqP) in the Philippine National Standard (PNS) is envisaged and 

training programmes on GaqP are being organized.  

 

29. To gather evidence on the development of AMR, capacity building of the laboratory personnel 

and facilities to carry out studies on AMR is being done. The budget for this activity was forwarded for 

inclusion in the 2019 General Appropriations Act. These activities will be conducted in a newly 

constructed laboratory of the Philippine Bureau of Fisheries Aquatic Resources (BFAR) 

 

30. In Viet Nam, the Ministry for Agriculture and Rural Development (MARD) has issued decision 

No. 2625/QD-BNN-TY on 21 June 2017 on NAP for control of AMU and AMR in livestock and 

aquaculture. Major activities under the NAP include strengthening and consolidating the state 

management of AMU and AMR; improving the legal basis for AMU and AMR management; 

enforcement of the regulations and technical guidelines in place; increasing awareness of the risks of 

AMU and AMR; implementing good husbandry practices, good treatment and good feed manufacturing 

practices in livestock and aquaculture; monitoring of AMU, antibiotic residues and AMR; and 

strengthening intersectoral collaboration in AMR management. A National Committee for controlling 

AMU and AMR, led by a Deputy Minister and with 32 members from different ministries has been 

established. A National Steering Committee for prevention and control of aquatic animal disease, AMU 

and AMR in aquaculture has also been established. In addition to the new Veterinary Law, which came 

into effect from 1 July 2016, 11 circulars on disease control in animals, AMU and AMR have been 

issued and 20 official letters to direct and control AMU and AMR have been issued. A new decree 

39/2017/ND-CP, dated 4 April 2017, states that use of antibiotics in feeds will be eliminated by 2020. 

The NRCP is being strictly implemented, and a number of training programmes to increase awareness 

have been organized. 

 

31. A one-day training course for field personnel was organized by the Department of Animal 

Health, the Research Institute of Aquaculture number 1 (RIA1) and the Sub-Department of Fishery and 

held in Hai Duong Province on 13 November 2017. Participants included local staff, animal health 

workers/technicians and officers. A detailed plan for fish collection, bacterial sampling, sample storage 

and transportation of samples from the field to RIA1’s laboratory was carefully prepared and discussed 

during the training course. The training course covered the following topics: (1) background on 

AMU/AMR and design of the survey; (2) list of households to be visited by field staff; (3) standardized 

questionnaire with 30 items to characterize the households, fish production activities, and use of 

chemicals and antibiotic products; (4) sampling, management, and transportation of samples from the 

field to the RIA1 laboratory; (5) collation of information on the surveyed households; and (6) a detailed 

working plan and coordination of the field activities. 

 

2.3 Country-level AMU and AMR surveillance activities (Malaysia and the Philippines) 

 

32. In Malaysia, both active and passive surveillance activities for AMU were carried out. Passive 

surveillance was based on questionnaires given to about 106 farmers attending a training programme. 

Based on the data gathered, targeted surveillance of farms in some high-risk areas was carried out, also 

by way of a questionnaire. Of farms growing both fish and crustaceans, 5/12 and 3/5 used 
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antimicrobials, respectively. Ten farms growing only crustaceans did not use antibiotics. Only  

50 percent of the farms that used antibiotics had prescriptions from a professional. Direct application 

of antimicrobials to the rearing water was practiced by 37.5 percent of farms, while another 37.5 percent 

applied antimicrobials through direct application and as a feed additive, 12.5 percent by bath treatment 

and 12.5 percent by feed application only. The antibiotics used included amoxicillin, ampicillin, 

oxytetracycline, nitrofurantoin and colistin. Oxytetracycline and chloramphenicol were available over 

the counter. For parasite control, chemicals like trichlorfon, malachite green, methylene blue, 

praziquantel, formalin, copper sulphate, hydrogen peroxide, chloramine T, benzalkonium chloride and 

potassium permanganate were used. Most of these were available over the counter. Antimicrobials were 

used to treat vibriosis, other bacterial diseases and, in some instances, for parasites and viral diseases.  

 

33. Surveillance of AMR started with antimicrobial susceptibility testing of V. parahaemolyticus 

associated with shrimp and E. coli to be performed by six laboratories within the Department of 

Fisheries. The isolates were to be tested against 20 antimicrobials by disc diffusion method following 

standard methods of the Clinical and Laboratory Standards Institute. Initial results showed that more 

than 50 percent of the isolates exhibited resistance to ampicillin and colistin. 

 

34. In the Philippines, a technical working group that involved relevant stakeholders was created 

with the objective of identifying appropriate interventions to control the emergence and spread of 

resistant bacteria. During the last five years of exporting fish and shrimp to the United States of 

America, the Philippines had 14 cases of import refusal attributable to detection of residues of 

chloramphenicol, nitrofurantoin, oxytetracycline, sulphamethazine and amoxicillin. A Technical 

Working Group involving members from regional fisheries laboratories has been formed to carry out 

surveillance in all registered farms, hatcheries, feedmills, processors and other stakeholders. The 

Technical Working Group reviewed the results from previous surveys to identify gaps, design a survey 

questionnaire, develop a survey methodology (including location, target group, timeline, method of 

sampling), analyze data and ascertain the availability of antimicrobials in the market.  

 

35. The survey targeted fish (tilapia) and shrimp farmers and distributors of aquaculture products. 

Face-to-face and telephone interviews were conducted by 11 Fish Health Officers in 21 provinces 

throughout the Philippines. The distribution of the questionnaire was done between November and 

December 2017. Results of the survey showed that among the respondents, 68 percent are not using 

antimicrobials in their culture operation, while 32 percent are using probiotics, chemicals (such as 

disinfectants) and antimicrobials. The survey revealed that oxytetracycline is used in shrimp hatchery 

operations, but is no longer applied in grow-out systems of registered farms. A deterrent to the practice 

is monitoring of farms for residues. There has been no detection of antibiotics in shrimp or fish meat 

from registered farms for the duration of the programme. The survey further revealed that the 

application of antimicrobials is usually made upon the recommendation of the farm manager, through 

the advice of drug suppliers, or by informal communication with neighbouring farms and consultants. 

The majority of the farmers use these antimicrobials for prophylaxis and only a few for treatment and 

growth enhancement. Most of the products were sourced in the local market, from distributors or from 

feed suppliers. The standard for best practice to avoid AMR is incorporated in the Philippine National 

Standard (PNS) on GAqP in finfish (tilapia and milkfish) and in the PNS on GAqP for shellfish and 

bivalve molluscs. 

 

3. A SUMMARY OF FAO’S RECENT WORK ON AMR IN AQUACULTURE 
 

36. This section provides information on additional work of FAO on understanding AMR in 

aquaculture; some of these activities were carried out under the auspices of the project 

GCP/GLO/979/NOR: “Improving Biosecurity Governance and Legal Framework for Efficient and 

Sustainable Aquaculture Production” and  Strategic Programme 4: Enabling more inclusive and 

efficient agricultural and food systems at local, national and international levels. 
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37. A Side Event during the Ninth Session of the FAO Committee on Fisheries Sub-Committee on 

Aquaculture (COFI/SCA IX) in October 2017 represented the first formal AMR awareness-raising 

initiative that targeted fisheries and aquaculture authorities. Participants to COFI/SCA IX included  

89 FAO Members and two Associate Members, representatives from two specialized agencies of the 

United Nations, and observers from seven intergovernmental and six international non-governmental 

organizations (NGOs). AMR issues were also captured during the Sixteenth Session of the FAO 

Committee on Fisheries Sub-Committee on Fish Trade in September 2017. The visibility of AMR in 

general and AMR in aquaculture was further enhanced through presentations in a number of scientific 

and other important meetings3.   

 

38. In collaboration with Nitte University together with the College of Fishery Science of the Sri 

Venkateswara Veterinary University (SVVU), a meeting with aquaculture stakeholders from Nellore, 

Andhra Pradesh was held in June 2019 to inform of FAO efforts in improving aquaculture biosecurity 

as well as ongoing initiatives on AMR in aquaculture. About 85 stakeholders including operators of 

shrimp hatcheries, nurseries and farms attended the meeting. There was a rich exchange of information 

where hatchery and farm operators informed of the disease problems they face and advice on good 

practices was offered. Other topics discussed included the challenges faced by the seafood export 

industry due to rejections in the international market following detection of residues of banned 

antibiotics. Thus it was emphasized that the use of antibiotics should be restricted only to  the treatment 

of diseases confirmed to be caused by bacterial pathogens, that the approved antibiotics are used only 

after susceptibility testing has been performed, and that such treatments should be administered by a 

licensed aquatic animal health professional. Alternatives to antimicrobials such as probiotics and phage 

therapy were also presented. 

 

39. In terms of knowledge products and guidance documents, the following were published and 

disseminated. They support the four pillars of the FAO Action Plan on AMR (2016–2020). 

 The performance of antimicrobial susceptibility testing programmes relevant to aquaculture 

and aquaculture products (Smith, 2019). This technical paper addresses best practice 

guidelines for the performance of antimicrobial susceptibility testing of bacteria isolated from 

aquatic animals as part of a monitoring or surveillance programme or to provide guidance for 

clinical treatments of diseased animals. It contains six sections, namely: Section 1: relevance 

of the document to the Action Plan; Section 2: principles of antimicrobial susceptibility testing; 

Section 3: standard protocols recommended for use in antimicrobial susceptibility testing of 

bacteria isolated from aquatic animals; Section 4: design of programmes aimed at monitoring 

or surveillance of AMR associated with the use of antimicrobial agents in the rearing of aquatic 

animals; Section 5: conclusions; and Section 6: references.  

 

 FAO Technical Guidelines for Responsible Fisheries No. 5, Suppl. 8, Recommendations for 

prudent and responsible use of veterinary medicines in aquaculture (FAO, 2019). This 

document provides general advice in support of the implementation of the FAO Code of 

conduct for responsible fisheries to assist countries in encouraging the prudent and responsible 

use of veterinary medicines (antimicrobial agents and other chemotherapeutants) in aquaculture 

production through appropriate government regulation and the promotion and encouragement 

of awareness and responsible use by the private sector.  

 

 Report of the FAO Expert Working Group Meeting “Scoping Exercise to Increase the 

Understanding of Risks of Antimicrobial Resistance (AMR) in Aquaculture (FAO, 2020). This 

document presents the results of a risk profiling exercise done on two bacterial agents, 

                                                           
3 Asia-Pacific Aquaculture Conference (Kuala Lumpur, July 2017), 16th Meeting of the Asia Regional Advisory Group on 

Aquatic Animal Health (Network of Aquaculture Centres in Asia-Pacific, Bangkok, August 2017), 2018 World Aquatic 

Veterinary Medical Association Conference (St Kitts, November 2018) Asia-Pacific Aquaculture 2019 (World Aquaculture 

Society, Chennai, June 2019), 2nd OIE Global Conference on AMR and Prudent Use of Antimicrobial Agents: Putting 

Standards into Practice (Marrakesh, October 2018).   
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Streptococcus spp. and Vibrio parahaemolyticus, which are important to both animal and 

human health. They affect tilapia and shrimp, respectively, top aquaculture species that 

contribute significantly to global food and nutrition security.  

 

 Responsible management of bacterial diseases in aquaculture (in preparation). This   

publication is being prepared in recognition of the need to manage bacterial diseases in 

aquaculture responsibly, to reduce the use of antibiotics and thus avoid resistance, as well as to 

find alternatives to antibiotics, and is intended for a wide range of users. Some 38 pathogens 

belonging to six Gram-negative (Vibrio, Aeromonas, Edwardsiella, Pseudomonas, 

Flavobacterium, infection with intracellular bacteria) and four Gram-positive groups 

(Mycobacterium, Streptococcus, Renibacterium and infection with anaerobic bacteria) were 

considered as causing major bacterial diseases of cultured finfish, crustaceans and molluscs in 

fresh and marine waters. They were selected based on a set of criteria developed by experts, 

namely: (1) economic importance of affected species; (2) socio-economic impact; and (3) 

zoonotic potential. 

 

 Fish waste management: Assessment on potential production and utilization of fish silage in 

Bangladesh, Philippines and Thailand (in preparation). This publication is a compilation of the 

studies conducted in selected countries in recognition of the need to manage and utilize fish by-

products and wastes. Instead of discarding fish processing by-products and wastes, they can be 

converted into fish silage. Fish silage can be used to reduce the spread of pathogenic 

microorganisms found in dead fish or fish killed for disease control, due to the antimicrobial 

properties of the organic acids. 

 

40. FAO Reference Centres on Aquaculture Biosecurity. Twenty-six institutions applied to become 

FAO Reference Centres on AMR in April 2017. Of these applicants, 13 candidate institutions passed 

evaluation by a selection panel in February 2018, and four of the 13 were found to cover additional 

aspects of aquaculture production and health other than just AMR and were thus identified as candidate 

FAO Reference Centres on Aquaculture Biosecurity and AMR. The four candidate centres are: (1) 

Yellow Sea Fisheries Research Institute (People’s Republic of China), (2) Pearl River Fisheries 

Research Institute (People’s Republic of China), (3) Nitte University (India) and (4) Mississippi State 

University (United States of America). The candidate centres are currently completing the external and 

internal requirements including “Areas of Collaboration”. It is expected that the designation process 

will be completed this year. Meanwhile, the first meeting of the candidate centres was held in November 

2019.  

 

41. Other ongoing related projects include the following: 

 OSRO/RAS/502/USA: “Addressing Antimicrobial Usage in Asia’s Livestock, 

Aquaculture and Crop Production Systems” (implemented by the FAO Regional Office 

for Asia and the Pacific). This ongoing project aims to promote a more prudent use of 

antimicrobials in the livestock and aquaculture production industries as well as the crop 

production sector in Asia, leading to minimizing the likelihood of AMR development 

and spread. Relevant activities to date include initial documentation and characterization 

of AMU in aquaculture (in Indonesia, Myanmar, Thailand, and Viet Nam), as well as the 

development of a Regional guideline on AMR monitoring and surveillance in 

aquaculture.  

 TCP/RAS/3702: “Support Mitigation of Antimicrobial Resistance (AMR) Risk 

Associated with Aquaculture in Asia” (implemented by the FAO Regional Office for 

Asia and the Pacific). This is an ongoing project that will continuously provide  

capacity-building opportunities to further improve awareness on AMR and enhance 

technical skills on AMR surveillance and best practices for recipient countries (India, 

Indonesia and Viet Nam). 
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4. CONCLUSIONS 
 

42. The main achievement of FAO Project FMM/RAS/298/MUL included enhancing awareness, 

knowledge, skills and capacities among the Competent Authorities for fisheries and aquaculture and the 

relevant stakeholders in the development and implementation of policies, NAPs on prudent and 

responsible AMU, their consequent food safety implications, and the integration of the aquatic sector 

within the One Health framework. Overall, the project provided good support to country activities on 

AMR. 

 

43. The impact of the Project on the beneficiaries and stakeholders can be measured using the four 

pillars of the FAO Action Plan on Antimicrobial Resistance 2016-2020 (FAO, 2016) i.e. awareness, 

evidence, governance and best practices, with capacity building and gender as cross-cutting issues. 

 

 Awareness: The Project accelerated improvement in awareness, knowledge enhancement and 

better understanding of AMU and AMR, including food safety and quality aspects of the 

environment, as well as policy, laboratory and farm-level considerations. Communication 

campaigns were carried out to aquaculture professionals, producers and the relevant 

stakeholders though bulletins, seminars, farm visits and social media, as well as through IEC 

materials developed to serve as awareness-building tools. The project provided an important 

information resource forum that opened dialogue and information exchange among experts, 

intergovernmental organizations and country representatives through a combined total of 

67 presentations and 12 technical working group discussions that reflected technical knowledge 

on the mechanisms and pathways of AMR and the lessons learned from past country 

experiences. This led to recommendations for best practices in aquaculture for prudent AMU, 

AMU/AMR monitoring and surveillance planning, harmonized antimicrobial susceptibility 

testing and guidance in setting governance mechanisms to support NAPs on AMR within the 

One Health framework. This project also provided the stimulus to organize a Side Event during 

the Ninth Session of the FAO Committee on Fisheries Sub-Committee on Aquaculture in 

October 2017, which embodied the first formal AMR awareness-raising initiative aimed at 

high-level fisheries and aquaculture authorities comprised of 89 FAO Members and two 

Associate Members, representatives from two specialized agencies of the United Nations, and 

observers from seven intergovernmental and six international non-governmental organizations 

(NGOs). AMR issues were also captured during the Sixteenth Session of the FAO Committee 

on Fisheries Sub-Committee on Fish Trade in September 2017. The session supported the joint 

work with WHO and OIE on AMR. The project also raised the visibility of AMR through 

presentations at a number of scientific meetings and other important gatherings, e.g.  

Asia-Pacific Aquaculture Conference (Malaysia, July 2017) and the 16th Meeting of the Asia 

Regional Advisory Group on Aquatic Animal Health of NACA (August 2017). 

 

 Evidence: Collection of data on AMU and AMR was initiated based on preliminary 

surveillance in the People’s Republic of China, Malaysia, the Philippines, Thailand and Viet 

Nam. These can now serve as benchmark information that can be used as key references to 

support the NAP on AMR. A new knowledge product, The performance of antimicrobial 

susceptibility testing programmes relevant to aquaculture and aquaculture products, was 

written by a world authority (Dr Peter Smith, National University of Ireland) and published by 

FAO as an outcome of the discussions throughout the series of regional workshops (see Smith, 

2019). The review provides expert guidance to countries with respect to standard susceptibility 

testing protocols, the quality control requirements and the respective interpretive criteria for 

bacteria isolated form aquatic animals.  

 

 Governance: Governance mechanisms and activities were established and carried out, 

including: (i) coordination meetings involving different sectors in accordance with the One 
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Health approach; (ii) contributions to the aquatic component of country NAPs on AMR; 

(iii) formalization and finalization of NAPs on AMR; (iv) review of AMR-relevant legislation; 

and (v) initiation of inspection of importer premises (veterinary medicine products and raw 

materials to determine origin and use), veterinary drug shops (those allowed to sell registered 

antibiotic products) and related establishments that are not allowed to sell antibiotic raw 

materials directly to farmers. In addition, two regional hands on training were conducted 

namely: Antimicrobial Resistance Susceptibility Testing in Fishery and Aquaculture Products 

in Bangkok (2017), and Antimicrobial Residue Analysis in Fishery and Aquaculture Products 

in Hanoi (2017). This project revealed the need for a collaborative, risk-based and progressive 

pathway to build management capacity through combined bottom-up/top-down approaches that 

require strong stakeholder engagement. The need to foster the application of risk management 

at the producer level as part of the national approach leading to sustainable and resilient 

aquaculture systems was recognized. As a significant outcome of this project, the Progressive 

Management Pathway for Aquaculture Biosecurity (PMP/AB) was introduced to meet the need 

for enhanced implementation of an integrated One Health approach to aquaculture biosecurity, 

including AMR. The Tripartite consultation on the PMP/AB (government/donors, producers, 

academe/service providers) was set for April 2018 in Washington D.C. 

 

 Best practice: Activities related to best practice included demonstrations of safe AMU; 

implementation of country good agricultural practices (GAP) in aquaculture, e.g. in Malaysia 

(MyGAP), Viet Nam (VietGAP) and the Philippines (PNS on GAqP); implementation of 

relevant legislation; increased research and development on fish vaccines; preparation of best 

practice guidance on responsible AMU in shrimp, carp and tilapia; and issuance of legal 

instruments to support programmes related to several aspects of aquaculture biosecurity. In 

addition, fish silage technology was introduced where fish and parts of fish not used as human 

food could easily be preserved and transformed into a valuable feed input for livestock or use 

as a natural fertilizer for crop production. These will have positive impacts to countries in terms 

of prevention of AMR and will support the FAO Technical Guidelines for Responsible 

Fisheries No. 5, Suppl. 8 (FAO, 2019) that was developed and published to provide general 

advice in support of the implementation of the FAO Code of conduct for responsible fisheries 

(FAO, 1995) where the prudent and responsible use of veterinary medicines (antimicrobial 

agents and other chemotherapeutants) is encouraged.  

 

44. The project sparked innovation through the increased interest in looking into alternatives to 

antimicrobials [e.g. phytogenics (plant-derived compounds)]; dietary acidifiers; short-chain fatty acids; 

bacteriophage; probiotics and prebiotics: short-chain carbohydrates (oligosaccharides); egg yolk 

antibody; antimicrobial peptides; biofloc technology; quorum sensing; green water technology; 

development of specific-pathogen free stocks) and the future of vaccination, particularly in the Asian 

region where much of aquaculture production is sited. Other suggested innovations encompass novel 

integrated fish-farming systems (e.g. fish-flower, fish-vegetables (aquaponics), fish-fruit trees, 

polyculture (shrimp-tilapia), shrimp-mangrove, rice-fish, rice-crayfish and rice-shrimp and integrated 

multitrophic aquaculture). All of these, however, must be supported by good aquaculture and husbandry 

and biosecurity practices. 

 

45. New partnerships were developed throughout the course of the project, including with Croatia 

(Croatia Veterinary Institute), India (Nitte University), the Netherlands (Wageningen University), 

Singapore (Agri-Food and Veterinary Authority), the United States of America (Mississippi State 

University), the European Union (EU), NACA, MSD Animal Health and the City University of Hong 

Kong SAR, People’s Republic of China. These new partnerships are important in providing: (i) access 

to new and additional resources and for joint mobilization endeavours; (ii) a competitive edge in 

securing and assuring quality products; (iii) an indicator of multi-stakeholder inclusiveness; (iv) the 

multidisciplinary skillset, expertise, experience and integrated approach required for tackling AMR; 

and (v) a strategic mechanism to achieve common goals and share costs. 

 

 



12 
 

5. THE WAY FORWARD  
 

46. The one-year implementation of the project was comparably short, but it produced a wealth of 

collective information on AMU and AMR, as well as methodologies for NAPs that can be duplicated 

in other countries and regions. Future programmes with more detailed approaches could build upon the 

outcomes of the project, especially in initiating surveys on AMR in aquaculture based on harmonized 

methodologies. 

 

47. The project fostered better understanding of AMU and AMR among representatives of 

participating countries through the facilitation of experts and resource persons.   

 

48. The Fisheries Division will continue to assist FAO Members by providing technical assistance 

on AMR within the One Health approach and the FAO Action Plan on AMR (2021–2025) through 

enhanced capacity building activities and generation of knowledge products. In addition, collection of 

annual data on import notifications (rejection and detections) from some of the main fish importing 

markets (including those due to the presence of non-authorized antimicrobials or anti-microbials above 

maximum concentration of residue legally tolerated) will be continued. 

 

49. The 10th session of FAO’s Committee on Fisheries Sub-Committee on Aquaculture 

(COFI/SCA) recommended for COFI to consider the development of a multidonor-assisted long-term 

component on aquaculture biosecurity and its five pillars. One of the five pillars includes the 

strengthening disease prevention at the farm level through responsible fish farming (including reducing 

antimicrobial resistance (AMR) in aquaculture and application of suitable alternatives to antimicrobials) 

and other science-based and technology-proven measures. 
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ANNEX 1 - Highlights of FAO Project FMM/RAS/298/MUL: Workshop 1: Mangalore, 
India 
 

A. Introduction 

This workshop was the first in a series of three workshops towards the implementation of Food and 

Agriculture Organization of the United Nations (FAO) Project FMM/RAS/298/MUL: Strengthening 

capacities, policies, and national action plans on prudent use of antimicrobials in fisheries. 

 
1. Objectives 

FAO Project FMM/RAS/298/MUL: Strengthening capacities, policies, and national action plans on 

prudent and responsible use of antimicrobials in fisheries: Workshop 1 was a planning workshop 

aimed at fostering a better understanding of antimicrobial use (AMU) and antimicrobial resistance 

(AMR) in the aquatic sector and country-specific situations as a basis for developing the  

sector-specific design of AMU and AMR monitoring and surveillance mechanisms, training 

modules on prudent use of antimicrobials and good biosecurity and husbandry best practices, and 

guidance in the development of the aquatic component of national action plans (NAPs) on AMR. 

 

2. Process 

Workshop 1, hosted by Nitte University, India, was held at the Gateway Hotel, Mangalore from  

10–12 April 2017. The workshop was facilitated by Dr Melba G. Bondad-Reantaso, Aquaculture 

Officer, of the Aquaculture Branch (FIAA) and assisted by Ms Elena Irde, formerly FIAA Project 

Technical Consultant. The workshop consisted of four sessions: 

 Session 1: Introductory remarks and presentations on the history, background and current 

efforts on AMR for a better understanding of AMU and AMR; 

 Session 2: Country presentations regarding country-specific information on aquaculture 

health, AMU and AMR and status of AMR NAPs; 

 Session 3: Presentations informing country delegates of AMU and AMR surveillance 

experiences, example models and guidance in the development of NAPs on AMR; and 

 Session 4: Working group discussions providing guidance in AMU surveys and AMR 

surveillance, prudent use of antimicrobials and best practices, and NAPs on AMR. 

 

The workshop agenda is attached as Annex 1.a. 

 

3. Participants 

The workshop was attended by 19 participants and included seven target-country delegates (one 

from the People’s Republic of China, two each from Viet Nam, Malaysia and the Philippines), three 

FAO personnel, seven FAO resource experts, one representative from the World Organisation for 

Animal Health (OIE), and one representative from the Network of Aquaculture Centres in  

Asia-Pacific (NACA). The List of Participants in given in Annex 1.b. 

 

B. Session 1: Setting the scene  

4. Opening of the workshop 

The opening session was addressed by Dr J.K. Jena, Deputy Director General, Indian Council of 

Agricultural Research (ICAR), New Delhi. He emphasized the importance of tackling the problem 

of AMR in the food-producing animal production sectors and indicated that ICAR, in collaboration 

with FAO Delhi, is setting up a network to study AMR in the veterinary and aquaculture sectors in 

India. Dr S. Ramananda Shetty, Vice Chancellor, Nitte University, brought to the fore the difficulties 

being faced by the medical community in treating infections due to bacteria resistant to all available 

antibiotics and pleaded that antibiotics be used in a prudent and responsible manner in all sectors.  
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The objective of Session 1 was to inform the participants on the history, background and current 

focussed attention on AMR principles, concepts, and past and ongoing efforts, as a basis for a better 

understanding of AMU and AMR. In order to take advantage of the expertise of several of the experts 

attending the workshop, presentations were made on special topics related to mechanisms of 

infection and resistance, alternatives to AMU, important diseases affecting aquaculture 

commodities, and guidance in creating surveillance and monitoring systems. Summaries of these 

presentations are given below. 

 

2. FAO’s Action Plan on AMR and introduction to the Aquatic AMR Project  

Dr Melba Bondad-Reantaso opened Session 1 with a presentation on AMR, the scope of both this 

workshop and the entire year-long project, and the increasing importance of AMR as a multisectoral 

issue.  She noted the tripartite efforts of FAO, the World Organisation for Animal Health (OIE) and 

the World Health Organization (WHO) and the various assemblies, meetings and conferences where 

AMR has been specifically mentioned as a vital and growing problem, such as the political 

declaration made at the 71st United Nations General Assembly – High Level Meeting on AMR in 

September 2016. The main constraints related to AMU and AMR were highlighted, such as the lack 

of regulation and oversight of AMU, the wide availability of unapproved drugs, and a lack of 

awareness of best practices. Dr Bondad-Reantaso incorporated these issues in the context of the One 

Health Initiative and FAO Action Plan on AMR. She identified focus areas of the project in tandem 

with the FAO Action Plan, with the following expected products: increased knowledge and 

awareness on AMU/AMR, two publications, aquaculture sector-specific designs for AMU and AMR 

surveys, guidance in the development of the aquatic component of NAPs on AMR, and modules on 

good aquaculture and biosecurity practices (for selected species) and prudent use of antimicrobials 

for farmers. 

 

3. OIE: Aquatic animal health code: 2016 antimicrobial use in aquatic animals  

Dr Delfy M. Góchez Alvarenga, currently in charge of validation and analysis of the responses to 

the OIE global database on the use of antimicrobial agents in animals, presented on the OIE Aquatic 

animal health code. She gave country delegates and other workshop participants a succinct history 

of OIE as an international organization and the OIE international standards in aquatic animals, noting 

that the primary objective is to provide standards for veterinary or Competent Authority use to assist 

in: (i) early detection, reporting, notification, and control of aquatic diseases; (ii) ensuring safe 

international trade while avoiding unjustified sanitary barriers to trade; and (iii) the establishment, 

maintenance and evaluation of aquatic animal health services. She specifically focused on Chapter 

6 of the Aquatic animal health code as it refers to AMU in aquatic animals with regard to 

recommendations for controlling AMR, responsible and prudent AMU, monitoring of quantities and 

usage, development of surveillance and monitoring programmes and risk analysis methods for AMR 

in aquatic animals. In addition to the Aquatic animal health code, Dr Góchez Alvarenga spoke about 

other OIE standards and guidelines related to AMR such as Chapter 6 of the Terrestrial animal 

health code and Chapter 3 of the Manual of diagnostic tests and vaccines for terrestrial animals. 

 

4. OIE: AMU in aquatic animals: mechanism of collecting and collating data and 

summary of annual report  

Dr Delfy Góchez Alvarenga also presented on mechanisms of collecting and collating AMU data 

through OIE’s first attempt at quantifying global AMU in animals through the OIE annual report 

on the use of antimicrobial agents in animals: better understanding the global situation. This report, 

for the first time, attempts to provide an overview of the global use of antimicrobial agents in animals 

and both global and regional analyses. This presentation gave national delegates insights into 

possible methodologies for data collection to be adapted for their respective countries’ NAPs. OIE 

gathered data in two phases (2010–2013 and 2014–2016) using a template named “Reporting 

options”, comprised of three options to organize data with increasing levels of detail: 1) distinction 

of antimicrobial agents by type of use; 2) distinction of antimicrobial agents by type of use and 

animal groups (animal groups being defined as terrestrial food-producing animals, aquatic  

food-producing animals or companion animals); and 3) distinction by type of use, animal groups 
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and routes of administration. Data sources were primarily from wholesalers/retailers, imports and 

marketing authorizing holders, with lower levels of input from veterinarians, pharmacists, feed 

manufacturers and farmers. Thirty-five countries reported AMU quantities specifically for aquatic 

food-producing animals. Dr Góchez Alvarenga identified calculating animal biomass by region as 

vital future work for more detailed interpretation of data and concluded by noting plans to develop 

the OIE database over time to allow countries to input data through an electronic portal. 

 

5. AMU and AMR: principles and concepts  

Dr Peter Smith presented an introduction of the history, background and current state of AMU and 

AMR. He described how the discovery of antimicrobials produced a revolution in the way humanity 

thought about the control of infectious diseases. Antimicrobials had become humanity’s “magic 

bullet”, but with a caveat: the more they were used, the less useful they became. To protect the 

efficacy of antimicrobials, Dr Smith emphasized the need for AMU to be met with wisdom, prudence 

and restraint. A focal point to protecting the efficacy of antimicrobial use is understanding bacteria’s 

evolutionary history, adaptability and resistance. Bacteria are highly adaptable, invariably respond 

to selective pressures and continuously exchange genetic material, such as resistance genes  

(R-genes), between different species. He identified two general rules: 1) “the more antibiotics are 

used, the more likely the target bacteria will be resistant, and the less likely they will have any 

therapeutic value” and 2) “the increase in the frequency of resistance genes anywhere on the planet 

increases the probability that a similar increase will occur anywhere else.” He emphasized the need 

for research on effective, efficient methods of administration. He also highlighted the rationale of 

prevention over treatment and the need for increased access to susceptibility data. Dr Smith 

concluded that data and actions are needed for more prudent use of antimicrobials, namely: (i) 

quantitative AMU/AMR data; (ii) education in prudent use; and (iii) provision of appropriate 

technical support. 

 

6. Mechanisms and pathways of AMR in the environment  

Mr Omar Elhassan discussed the biological mechanisms of AMR and interactions of AMR with the 

environment. He discussed three important questions for AMR and the environment: (i) what is 

AMR? (ii) how does resistance spread? and (iii) where is resistance going? He explained AMR 

through four modes of action that reduce bacterial susceptibility to antimicrobial agents, such as 

degradation of the antimicrobial agent, the lowering of intracellular antimicrobial agent 

concentrations via efflux pumps or reduced membrane permeability, or by modification of target 

sites. Mr Elhassan noted the importance of understanding how and where AMR is acquired and 

spread through the understanding of vertical and horizontal transfer mechanisms, as both methods 

combined allow for fast adaptation to antimicrobial agents. Mr Elhassan then moved on to discuss 

antimicrobial sources to the environment from the natural background through anthropological 

sources such as food-producing sectors, human medicine and aquaculture. The sum of these various 

sources into the environment all contribute to the environmental resistome, which includes mobile 

resistance genes and creates environmental reservoirs where resistance genes are spread between 

various species of bacteria. Many antimicrobials enter the environment partially metabolized and 

can persist for long periods of time. Mr Elhassan concluded by suggesting that future work for 

prudent AMU should include environmental fate research and that aquaculture could provide 

uniquely useful model systems for studying different antimicrobial stewardship strategies.  

 

7. Risks associated with the use of antimicrobial agents and limitations of antimicrobial 

use in aquaculture  

Dr Peter Smith gave a presentation on risk analysis of AMU in aquaculture and the problems 

associated with managing that risk. He began with outlining the components and definitions of risk 

analysis regarding AMU in aquaculture – the hazard being the emergence of resistance and the risk 

being the loss of benefit of antimicrobial therapy. The largest risk for aquaculture due to aquacultural 

AMU is the impact on the therapy of aquatic animals, while the most politically important risk, with 

little evidence, is the impact on the therapy of humans. This lack of evidence, however, cannot be 

used to argue no impact exists. The two exposure pathways in the risks to human medicine are the 
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movement of resistant bacteria and transferable antimicrobial resistance genes (ARGs). Dr Smith 

then moved on to discuss methods of assessing risk. Assessing the risk of ARG movement and 

interactions with the environmental resistome consists of three parts: (i) an entry assessment of the 

increased frequency of ARGs; (ii) the survival and dissemination in the environmental resistome; 

and (iii) an exposure assessment of the movement of ARGs from the environmental resistome to 

bacteria infecting humans. He discussed what data to collect (phenotypic resistance, antibiotics, 

ARGs) to perform an entry assessment. He argued that phenotypic resistance data are of little 

relevance to this risk and that data from detecting antibiotics vary widely. ARGs have been found in 

elevated frequencies in aquatic farm environments, but studies are rarely linked with AMU and have 

little to no standardized methodology. We are currently attempting to manage a risk when we have 

been unable to properly assess the risk. 

 

8. Major bacterial diseases affecting aquaculture  

Dr Olga Haenen presented on the most important bacterial diseases in aquaculture from a list drafted 

at the FAO expert meeting in December 2016 in Frascati, Italy using the following criteria: economic 

importance of affected species, socio-economic impact and zoonotic potential. The Gram-negative 

list includes bacteria causing vibriosis, aeromonasis, edwardsiellosis, psuedomonasis and 

flavobacteriosis, and infections with intracellular bacteria; while the Gram-positive list includes 

bacteria causing mycobacteriosis, streptococcosis, renibacteriosis, and infections with anaerobic 

bacteria. Bacterial profiles consisting of host range, geographic distribution, diagnostics, 

management and zoonotic potential for bacteria considered important to tropical regions were 

specifically noted. She then discussed important aspects of diagnosing fish bacterial diseases and 

the need to identify the infection as primary or secondary, the necessity of antibiograms and methods 

of isolation and identification such as 16s ribosomal ribonucleic acid (rRNA) typing, diagnostic 

polymerase chain reaction (PCR), enzyme-linked immunosorbent assay (ELISA)-based serological 

field tests and the matrix-assisted laser desorption/ionization-time of flight (MALDI TOF) protein 

method. Important fish vaccines currently used for prophylaxis were also identified. Dr Haenen 

concluded her presentation by emphasizing the importance of good hygiene for aquafarmers, field 

technicians and processors; proper diagnosis of bacterial diseases; the necessity of antibiograms; and 

the fact that many of the listed important diseases in aquaculture can be prevented by good 

management, including the use of vaccines. 

 

9. Pathogenesis of bacterial pathogens  

Dr Larry Hanson gave a presentation on bacterial pathogenesis for better understanding of how and 

why bacterial diseases function and occur. He identified the two main determinants of any  

host-pathogen encounter, pathogen virulence and host resistance, and the two basic mechanisms in 

which bacteria cause disease, direct damage of host cells and indirectly via stimulating exaggerated 

host inflammatory/immune response. He then detailed virulence factors due to their importance in 

bacterial pathogenesis and divided virulence factors into two categories, those that cause damage to 

the host (exotoxins and endotoxins) and those that do not directly damage the host but promote 

colonization and survival of infecting bacteria. Vital to understanding bacterial pathogenesis are the 

different classes of invasive bacteria and the process of bacterial invasion of host tissues: (i) motility, 

(ii) adherence, (iii) invasion pathways, and (iv) host cell function manipulation. Invasive bacteria 

also have a multitude of mechanisms required for survival within hosts for obtaining nutrients and 

evading host immune responses. Dr Hanson concluded with noting the highly specialized and 

adapted nature of bacterial pathogens and the organized, orchestrated characteristics of infection 

required to invade a host, obtain necessary nutrients and avoid the immune response. 

 

10.  Review of AMU in aquaculture based on 1996 and 2009 FAO surveys on the use of 

chemicals and veterinary drugs in aquaculture and other more recent literature 

Dr Celia Lavilla-Pitogo presented a review of existing data on AMU in aquaculture from the 

scientific literature and surveys. She highlighted notable published surveys of chemical use in 

aquaculture in the scientific literature, including a 1996 survey in intensive shrimp farms in the 

Philippines, a 2003 field survey of shrimp farming in Thailand, and a 2013 survey in four major 
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internationally traded aquaculture species farmed in Asia conducted in Bangladesh, the People’s 

Republic of China, Thailand and Viet Nam. She then moved on to the 1996 Expert Meeting on the 

Use of Chemicals in Aquaculture in Asia (AQUACHEM)) report Use of chemicals in aquaculture 

in Asia and identified key problems with AMU and AMR in aquaculture such as chemical residues 

and food safety. The 1997 report On the safe and effective use of chemicals in coastal aquaculture 

by the Joint Group of Experts on the Scientific Aspects of Marine Environmental Protection 

(GESAMP) created a list of antibacterial agents and provided related information such as human 

importance and regional use. The dire need for data on AMU/AMR and environmental persistence, 

and the need for alternatives was emphasized. The FAO 2012 publication, Improving biosecurity 

through prudent and responsible use of veterinary medicines in aquatic food production, showed 

that treatment failure was commonly due to misdiagnosis. Findings revealed that better training is 

vital to prudent AMU. Dr Lavilla-Pitogo concluded by discussing the first OIE report on AMU in 

animals, noting it as a remarkable first step in achieving a better understanding of global AMU. 

 

11. Review of good aquaculture and biosecurity practices and other existing technical 

guidelines that will be relevant to support AMU/AMR work  

Dr Larry Hanson presented on AMR management and mitigation, highlighting crucial components 

to avoid the development and minimize the persistence of AMR in aquaculture and the environment. 

Avoiding development of AMR heavily depends on good biosecurity practices, disease prevention, 

alternative treatments and judicious AMU. Disease prevention severely reduces the need for 

antibiotics and is a vital aspect of good management practices. He emphasized the importance of 

disease prevention, as disease will reoccur after treatment if the underlying cause is not corrected. 

Managing the environment to minimize stress and physical injury reduces pathogen loads and 

utilizing non-antibiotic alternatives such as chemical treatments lessens the need for treatment. 

When treatment is necessary, judicious use of antimicrobials is imperative for avoiding the 

development of AMR. Correct usage, full treatment durations, correct diagnosing and susceptibility 

testing combined with proper regulation and enforcement are all factors of responsible AMU. AMR 

is a natural process and minimizing the selective pressure created by AMU will lower the numbers 

of resistant pathogens. He then provided workshop participants with his experiences in channel 

catfish production and how routine stress management, environmental stewardship and vaccination 

were used to minimize AMU. Dr Hanson concluded with three takeaway messages for participants: 

(i) disease management is the most important component for AMR management; (ii) AMR will 

develop and may occur in non-target pathogens; and (iii) industry needs to be more proactive to 

minimize the impacts. 

 

12. Alternatives to antimicrobials  

Dr Indrani Karunasagar gave a presentation on the alternatives to antimicrobials for disease 

management. She began by reinforcing Dr Hanson’s emphasis on proactive disease prevention as 

vital to reducing AMU and AMR. The dire need for alternatives is best characterized by the 

emergence and build-up of resistant pathogens, chemical residues in food products and 

environmental degradation due to residues. Disease management measures used today include 

probiotics, bioremediation, immunostimulants, genetic selection and, most importantly, feed and 

pond management. She then put forward the idea of disease control based on ecological theory 

through the biodiversity-invasiveness relationship, with emphasis on species richness, evenness and 

stability. Increased focus on biomimicry with effective probiotics that colonize the gut, provide 

resistance to disease-causing agents and display antagonistic behaviour to pathogens would offer a 

strong alternative to AMU. Phage therapy was also discussed as another possible alternative 

treatment for disease control, noting the various attributes that give phage therapy advantages over 

antimicrobials. Dr Karunasagar concluded with the various applications of phages, such as their 

prophylactic use to prevent build-up of Vibrio pathogens in hatcheries, treatment of diseases in 

hatcheries and ponds, treatment of broodstock and eggs and tackling Vibrio biofilm formation. 
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C. Session 2: Country and aquaculture sector information and experience 

The objective of Session 2 was to be informed of country information on aquaculture health, AMU and 

AMR and the status of AMR NAPs. Country delegates presented summaries of the current status of the 

NAP on AMU in aquaculture, aquatic animal health, current efforts towards prudent use of 

antimicrobials, and the related policies and regulatory bodies of their respective countries, providing a 

comprehensive look at the most important species and related diseases of their countries’ aquaculture 

sectors. This was followed by two related expert presentations given by Dr Iddya Karunasagar. 

 

1. Aquaculture health, AMU and AMR, and status of AMR National Action Plan in China  

Dr Li Aihua provided general information on aquaculture in the People’s Republic of China, noting 

the rise in freshwater fish production, the most farmed group of aquatic species with important 

pathogenic bacteria. In 2015, USD 1.9 billion (1.6 percent of total production value) was lost due to 

diseases affecting crustaceans and fish. Pollution of waters and unstable fish seed quality are some 

of the leading causes of disease outbreaks, aggravated by irrational drug administration. The Chinese 

Aquatic Animal Epidemic Prevention System laboratories include 13 provincial disease control 

centers, 628 country aquatic animal disease prevention stations with roving diagnosis systems, and 

an epidemic monitoring system network. The Veterinary Bureau is responsible for enforcing 

regulations on administration of veterinary drugs as of 2014. The goals of the Chinese NAP to 

Contain AMR (2016–2020) are to increase veterinary oversight of prescriptions, optimize AMU and 

AMR surveillance, reduce the use of drugs important to human medicine, and develop educational 

trainings for prudent AMU. Surveillance of AMR in fish-pathogenic bacteria, susceptibility testing 

and the exploration of antibiotic-free disease management methods are already underway. Dr Li 

concluded by identifying challenges in AMR surveillance such as selection of sampling sites and 

the need for standardized minimum inhibitory concentration (MIC) testing methods for aquatic 

bacterial isolates. 

 

2. Aquaculture health, AMU and AMR, and status of AMR National Action Plan in 

Malaysia  

Dr Wan Norhana Bt Md Noordin began the first portion of the country profile with background 

information on Malaysian aquaculture, the top five aquaculture species, their respective production 

data and the infectious diseases that affect them. Malaysia currently has five relevant policies and 

regulations covering veterinary medicine use in aquaculture and four associated programmes 

including fish disease surveillance, food safety management, residue monitoring and the Malaysian 

Good Agricultural Practice/Food Quality Control Certification Programme. Currently, no surveys 

on veterinary drug use in aquaculture have been conducted in Malaysia. The Department of Fisheries 

(DoF) undergoes antibiotic residue monitoring in crustacean and finfish products, but AMR is not 

included in current surveillance activities. Dr Wan Norhana identified stakeholders that should be 

involved in aquatic AMR, such as the Fisheries Biosecurity Division, Fisheries Research Institute, 

Pharmaceutical Division, farmers and feed millers. Mr Gerald Misol then spoke on relevant research 

and studies relating to AMR from aquaculture and found common occurrences of multidrug 

resistance in the environment, even in farms with no AMU. Most studies focused on prevalence and 

frequencies of resistance and detection of resistance genes. The lack of standardized testing protocols 

was identified as a major problem for data analysis, and interpretation and was emphasized as an 

area of focus for future work. 

 

3. Aquaculture health, AMU and AMR, and status of AMR National Action Plan in the 

Philippines  

Dr Simeona Regidor informed the group that the Food and Safety Act of 2013 was established to 

strengthen the food regulatory system to protect consumer health, with the Bureau of Fisheries and 

Aquatic Resources (BFAR) in charge of aquaculture product safety. The Code of Good Aquaculture 

Practices was produced to cover good aquaculture practices and addresses issues and requirements 

on drug and chemical use by regulating aspects such as sales of approved veterinary drugs from 

registered manufacturers, maintaining residues below the established maximum residue limit (MRL) 
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and requiring appropriate administration of prescription substances. The National Residue 

Monitoring Program (NRMP) works to detect all illegal antimicrobials, especially banned 

antibiotics, and ensure compliance with MRLs. The NRMP process encompasses monitoring of 

meat products and feeds, as well as storage and handling facilities. Dr Regidor also gave details on 

farm and feedmill sampling flowcharts. Farm registration was introduced as a way for the 

government to encourage good aquaculture practices through an official government endorsement. 

The Philippine Action Plan to Combat AMR: One Health Approach outlines key strategies for 

combating AMR, such as strengthening surveillance and laboratory capacities, ensuring access to 

quality medicines, regulation and promotion of prudent AMU in both animals and humans and 

enhancing infection prevention programmes.   

 

4. Aquaculture health, AMU and AMR, and status of AMR National Action Plan in Viet 

Nam  

Dr Nguyen Van Long presented the top five aquaculture species farmed in Viet Nam as being 

shrimp, Pangasius catfish, tilapia, molluscs and traditional fish such as carp. He then provided 

background production information on tilapia markets and trade, and the major aquaculture 

production areas. Pangasius farming areas are mapped in Viet Nam to build the traceability process. 

Dr Long also identified major diseases for each of the species and presented associated frequency 

and spatial distribution data. In Viet Nam, there are currently 814 products for veterinary medicine 

produced and supplied by 51 domestic manufacturers and 53 importers. The Department of Animal 

Health carried out three surveys of AMU in 714 aquaculture-farming households in three provinces 

producing Pangasius and two provinces producing shrimp. The survey revealed that AMU is 

frequent and antimicrobials are applied without prescription. State AMR management activities 

include the National Aquatic Animal Health Strategy, various policy legislation and institutional 

frameworks, and national programmes working towards providing early warning of disease 

outbreaks, more effective responses to aquatic animal diseases, import regulations and the creation 

of disease-free zones. Viet Nam is also placing emphasis on bolstering the capacities of diagnostic 

and laboratory systems. Major activities in the Viet Nam NAP relating to AMU/AMR include better 

policy enforcement, communication and training, best practices to improve husbandry and 

biosecurity, AMU and residue surveys, and the facilitation of inter-sectoral collaboration. 

 

5. Antibiotic residue control programmes for aquaculture in selected countries (China, 

Malaysia, the Philippines and Viet Nam)  

Dr Iddya Karunasagar discussed the antibiotic residue monitoring programmes of the four target 

countries, the People’s Republic of China, Malaysia, Philippines and Viet Nam. He delved into 

antibiotic residue control programmes at the international level and the Codex Alimentarius 

Commission’s role in providing advice in the form of MRLs for chlortetracycline/ 

oxytetracycline/tetracycline in fish and shrimp and flumequin in trout. Codex MRLs exist for other 

chemical therapeutic agents used against parasites as well. Dr Karunasagar explained that for 

veterinary drugs without established acceptable daily intake/MRLs established by the Joint 

FAO/WHO Expert Committee on Food Additives and Contaminants, regulatory authorities typically 

adopt the zero tolerance approach. Many seafood-importing countries have their own regulations 

regarding the implementation of their National Residue Control Programme (NRCP) and want 

reciprocity from seafood-exporting countries. Thus, for example, third countries wanting to export 

to the European Union (EU) must follow a sampling frequency based on production volumes.  

Dr Karunasagar informed that the People’s Republic of China, Malaysia, the Philippines and  

Viet Nam all have their NRCPs that have been harmonized with EU regulatory requirements.  

 

6.  Trends in alerts and border rejections caused by antimicrobials in the EU  

Dr Iddya Karunasagar also presented on antimicrobial-related border rejections in the European 

Union (EU) and the related trends. The major markets for seafood, the United States of America, the 

EU and Japan, all have very stringent regulations regarding residues of antimicrobial agents. 

Chloramphenicol, nitrofurans and dyes such as malachite green have been banned for use in  

food-producing animals. Most antibiotic residues result in border rejections, and those drugs that 
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have been approved for use in aquaculture must reside beneath the accepted limits. In the early 

2000s, there were issues with detecting chloramphenicol in meat due to limitations on available 

technology. Rejections were high but decreased greatly in 2003. For nitrofurans, a peak of 65 alerts 

in crustaceans was observed in 2002 followed by a very slow decline with a second peak of 86 alerts 

in 2009. In 2008–09 there was a large number of alerts related to semicarbazides in shrimp from 

Bangladesh and India. Research at the University of Ghent showed that semicarbazides occur 

naturally in crustacean shells and moved that the EU change the methodology of testing crustaceans 

for nitrofurans. Malachite green residues created a detection peak in 2005 in finfish, while an 

increase in tetracycline-related rejections appeared in 2014, mostly from Viet Nam due to the 

discovery that acute hepatopancreatic necrosis disease (AHPND) in shrimp was bacteria related. 

Data from Japan have suggested that nitrofurans are still the most misused group in some 

aquaculture-producing countries, and that there are differences between Japanese and EU MRLs. 

 

D. Session 3: AMU and AMR surveillance and NAPS on AMR 

The objective of Session 3 was to inform the participants on AMU and AMR surveillance country 

experiences, model examples, information requirements and limitations and guidance in the 

development of NAPs on AMR. Through their sharing of past experiences and wisdom on laboratory 

procedures and proper sampling design for surveillance systems, Drs Karunasagar and Smith provided 

valuable insights for country delegates to tailor their NAPs and monitoring programmes to their 

respective countries. 

 

1. Challenge of antimicrobial resistance in aquaculture: an experience from Viet Nam  

Dr Phan Thi Van presented Viet Nam’s many aquaculture species, large production areas and diverse 

systems, and various levels of investment that all pose challenges to managing AMU and AMR. 

Antimicrobials in aquaculture systems are applied for prophylactic and therapeutic use in seed and 

feed treatments, postharvest, and to holding waters for seed transportation. Dr Phan discussed that a 

large proportion of antimicrobials entering the environment come from irresponsible use, and from 

unregistered and unlabelled sources. A number of governmental regulations currently exist on 

different levels, depending on the scale and size of farms and the fate of the product, with products 

for export going through more stringent regulations as compared to products destined for the 

domestic markets. Many farmers complain about the sheer number and length of regulations and 

take note of the lack of recommended/allowed lists of antimicrobials and standards on dosage and 

application methods. Viet Nam currently has a high level of AMU that has been increasing over 

time, and this problem corresponds to a rejection rate of 26 percent for Vietnamese exports.  

Dr Phan’s recommendations included summarizing existing regulations into a more understandable 

format with a recommended/allowed list of antimicrobials for aquaculture. These should be 

accompanied by activities to enhance farmer awareness of AMU/AMR, by baseline surveys of 

AMU/AMR for surveillance and monitoring purposes, and by increased research on alternative 

disease treatment methods and multidisciplinary collaboration. 

 

2. Model antibiotic resistance surveillance programme for aquaculture  

Dr Iddya Karunasagar gave a presentation that provided an overview of surveillance systems and 

recommendations for crafting AMR surveillance systems. He mentioned that the major goals of a 

surveillance system are to document levels of AMR in different reservoirs over time and clarify the 

association between AMU and AMR. Improving understanding of the spread of AMR aids in the 

identification of appropriate interventions and evidence-based policies to control AMU in all 

aspects. An integrated approach is required, as AMR in aquatic systems may be a result of intrinsic 

or acquired resistance. Aspects of surveillance design to consider include sampling sources, design 

and laboratory methods. Dr Karunasagar discussed the sampling strategy given in the OIE’s 

Terrestrial animal health code and the necessity of creating a resistance profile representative of the 

bacterial population. Internationally accepted methods of bacterial isolation and identification 

should be used, but the lack of internationally validated methods for susceptibility testing for many 

aquatic bacteria remains a major constraint for monitoring programmes. Epidemiological cut-off 
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values should be used when conducting data analysis for harmonized data reporting. Dr Karunasagar 

finished his presentation by discussing the need to improve the comparability of data from different 

systems; quantitative data should be presented in a format that allows different interpretative criteria 

to be applied, and this should take the form of MIC distributions or zone diameters. 

 

3. Difficulty and limitations in standardizing methods for measuring AMR  

Dr Peter Smith started his presentation by noting that MIC and disc diffusion methods of measuring 

in-vitro susceptibility are easy to perform but are not robust. When different laboratories use 

different test protocols, they generate different datasets. The two steps in susceptibility testing for 

resistance are obtaining a measure of in-vitro susceptibility and interpreting the meaning of said 

measure. The need for standardized test protocols comes from the need to interpret and compare 

susceptibility data, and this resulted in the creation of the Clinical & Laboratory Standards Institute 

(CLSI) guidelines. Susceptibility data provide information on a strain’s resistance. Resistance can 

be defined through clinical resistance, epidemiological resistance or genetic resistance, which all 

confer different meanings. Dr Smith further said that the OIE aquatic animal health code 

recommends that epidemiological cut-off values for resistance be used to interpret susceptibility data 

generated from monitoring programmes and that statistically based objective methods should be 

used for setting epidemiological cut-off values such as Normalised Resistance Interpretation. Not 

only must susceptibility data be collected using standardized protocols, but interpretation of test data 

should use internationally agreed interpretive criteria. Dr Smith stressed that without understanding 

one another’s data, work and interpretations, addressing the common problem of AMR will be 

impossible. 

 

4. Development of NAP on AMR and guidance on working groups  

Dr Melba Bondad-Reantaso closed Session 3 by explaining the focus areas of the FAO Action Plan 

on Antimicrobial Resistance and the five objectives of the WHO Global Action Plan on 

Antimicrobial Resistance. “Focus Area 3: Governance” of the FAO Action Plan relates to 

strengthening governance related to AMU and AMR in food and agriculture.  

 

The project FMM/RAS/298 recommended the following actions for developing the aquatic 

component of NAPs on AMR: 

 review/prioritize the most important cultured species based on production; 

 review/prioritize the most important bacterial diseases (see Annex 1.c) affecting the most 

important cultured species based on the agreed criteria; 

 review Codex Alimentarius maximum residue limit (MRL); 

 provide information on actions to deal with bacterial diseases (prevention, good 

aquaculture/biosecurity practices, treatment with antibiotics, alternative treatment); 

 provide guidance on the mechanisms for collection of information on AMU and AMR 

surveillance; and 

 identify requirements for AMU and AMR surveillance (personnel, field/laboratory 

procedures, skills, facilities, policies/legislation, reporting/record keeping, monitoring, etc.) 

 

She then detailed how FAO supports the five World Health Organization (WHO)  objectives and 

recommended the following Member-State actions: (i) improve awareness and understanding of 

AMR; (ii) develop a national surveillance system for AMR; (iii) reduce infection incidence through 

good aquaculture practices (GAqPs); (iv) optimize AMU in human and animal health; and (v) 

develop a well-rounded economic case for sustainable investment. Dr Bondad-Reantaso concluded 

by creating four working groups to address and offer guidance in country NAP One Health 

integration, AMU/AMR surveillance programmes, AMR monitoring programmes and best 

aquaculture practices. 
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E. Session 4: Working group discussions 

Having been informed by presentations giving relevant information and knowledge about important 

diseases in aquaculture and the salient features of AMU and AMR, workshop participants were divided 

into four working groups to discuss and prepare the guidance and actions for countries on the following:  

 

 Working Group 1: Development of NAP on AMR. Working Group 1, which consisted of Aihua 

Li, Gerald N. Misol Jr, Wan Norhana, Simeona Regidor, Sonia Somga, Dang Thi Lua, Nguyen 

Van Long and Melba Bondad-Reantaso, was asked to discuss the specific and relative aspects 

of creating new or modifying existing NAPs for each of the countries with regard to prudent 

AMU so as to curb the development of AMR in aquaculture. 

 

 Working Group 2: AMU/AMR Surveillance. Working Group 2, which included Iddya 

Karunasagar, Delfy Góchez Alvarenga and Phan Thi Van, was tasked to discuss best models 

and methods of implementing AMU/AMR surveillance programmes. 

 

 Working Group 3: AMR Monitoring. Working Group 3, which consisted of Celia Lavilla-

Pitogo, Peter Smith, Omar Elhassan and Indrani Karunasagar was responsible for discussing 

AMR monitoring programmes and identifying the key issues and essential problems that need 

to be tackled when creating an effective AMR monitoring programme.  

 

 Working Group 4: Guidance on best practice in aquaculture. Working Group 4 was comprised 

of Larry Hanson, Olga Haenen and Simon Wilkinson and was tasked to discuss better 

management practices (BMPs) in aquaculture and define minimum requirements for best 

practices to meaningfully reduce AMR. 

 

The results of the Working Group activities are presented in Annex 1.c 

 

F. Conclusions and the way forward 

The meeting was highly successful in setting a solid foundation for understanding AMU and AMR and 

identifying the major challenges that lie ahead in the development of the countries’ NAPs on AMR. 

Participants were informed of country-specific situations and of best practices, alternatives to AMU and 

the underlying science behind the urgency of AMR.  

 

Presentations by participants to the workshop, which included 11 on the history, background and efforts 

surrounding AMU and AMR, five outlining country-specific situations with AMU and AMR, and three 

offering guidance and past experiences with AMU surveys and AMR monitoring, and the four Working 

Group discussions, provided further guidance and actions for country NAPs on AMR. Target-country 

delegates now have enhanced knowledge, skills and capacities to develop and implement policies for 

NAPs on prudent and responsible use of antimicrobials.  

 

An important output of the workshop was the outcomes of the Working Group discussions which 

offered specific guidance and suggestions for increasing prudent AMU and best practices guidelines for 

aquaculture (see Annex 1.c). 

 

The most discussed aspects related to prudent AMU, stifling the development of AMR, and the creation 

of surveillance and monitoring systems were: (i) many farmers have widespread access to unlabeled 

antimicrobials sourced from unknown locations, making regulation and accurate AMU data collection 

increasingly difficult; (ii) the need for a standardized, internationally recognized methodology for 

susceptibility testing; (iii) the dangers of using terrestrial sampling and testing methods in aquaculture 

without any modifications; (iv) the fact that the most effective and useful survey methodology is through 

face-to-face surveys, but this is very expensive and labour intensive; and (v) the lack of 

recommendations of best practices and antimicrobials available to farmers. 
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The second workshop will be held on 7–9 August, 2017 in Malaysia and will include updates on the 

progress of each of the countries in the development of their NAPs on AMR and an further discussion 

of the main topic: best practices at every step in the aquaculture production process to improve 

biosecurity, promote prudent use of AMU and reduce AMR.   
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ANNEX 1a: Programme 
 

DAY 1 Monday 10 April 

08.30–09.00 Registration 

09.00–09.20 Opening remarks  

09.20–09.40 Self-introduction of the participants and group photo 

09.40–10.00 Coffee break 

 SESSION 1: SETTING THE SCENE  

10.00–10.20 FAO’s Action Plan on AMR and introduction to 

the Aquatic AMR Project  

Dr Melba G. Bondad-

Reantaso, FAO  

10.20–10.40 OIE: Aquatic Animal Health Code 2016: 

Antimicrobial use in aquatic animals  

Dr Delfy Marianella 

Góchez Alvarenga, OIE  

10.40–11.00 OIE: AMU in aquatic animals: mechanism of 

collecting and collating data and summary of 

annual report  

Dr Delfy Marianella 

Góchez Alvarenga, OIE 

11.00–11.20 AMU and AMR: principles and concepts  Dr Peter Smith, Ireland  

11.20–11.40 Mechanisms and pathways of AMR in the 

environment  

Mr Omar Elhassan, USA  

11.40–12.00 Risks associated with the use of antimicrobial 

agents and limitations of antimicrobial use in 

aquaculture  

Dr Peter Smith, Ireland  

12.00–13.30 Lunch  

13.30–13.50 Major bacterial diseases affecting aquaculture  Dr Olga Haenen, Netherlands  

13.50–14.10 Pathogenesis of bacterial pathogens  Dr Larry Hanson, USA 

14.10–14.30 Review of AMU in aquaculture based on 1996 

and 2009 FAO surveys on the use of chemicals 

and veterinary drugs in aquaculture and other 

more recent literature  

Dr Celia Lavilla-Pitogo, 

Philippines  

14.30–14.50 Review of good aquaculture and biosecurity 

practices and other existing technical guidelines 

that will be relevant to support AMU/AMR 

work  

Dr Larry Hanson, USA  

14.50–15.10 Alternatives to antimicrobials  Dr Indrani Karunasagar, 

India  

 SESSION 2: COUNTRY AND AQUACULTURE SECTOR 

INFORMATION AND EXPERIENCE  

15.10–15.30 Aquaculture health, AMU and AMR and status 

of AMR National Action Plans in China  

Dr Aihua Li, P.R. China 

15.30–16.00 Coffee break  

16.00–16.20 Aquaculture health, AMU and AMR and status 

of AMR National Action Plans Malaysia  

Mr Gerald N. Misol Jr and Dr 

Wan Norhana Bt Md Noordin, 

Malaysia 

16.20–16.40 Aquaculture health, AMU and AMR and status 

of AMR National Action Plans in the 

Philippines  

Dr Simeona Regidor and Dr 

Sonia Somga, the Philippines 

16.40–17.00 Aquaculture health, AMU and AMR and status 

of AMR National Action Plans in Viet Nam  

Dr Dang Thi Lua and Dr 

Nguyen Van Lon, Viet Nam  

17.00–17.20 Antibiotic residue control programmes for 

aquaculture in selected countries (China, 

Malaysia, the Philippines and Viet Nam)  

Dr Iddya Karunasagar, India  
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17.20–17.40 Trends in alerts and border rejections caused by 

antimicrobials in the EU  

Dr Iddya Karunasagar, India  

DAY 2 Tuesday 11 April  

 SESSION 3: AMU AND AMR SURVEILLANCE AND NATIONAL 

ACTION PLANS (NAP) ON AMR (GROUP WORK) 

08.20–08.30 Tasks for Day 2 Dr Melba G. Bondad-

Reantaso, FAO 

08.30–08.50 Challenge of antimicrobial resistance in 

aquaculture: experience from Viet Nam  

Dr Phan Thi Van, Viet Nam  

08.50–09.10 Model antibiotic resistance surveillance 

programme for aquaculture  

Dr Iddya Karunasagar, India  

09.10–09.30 Difficulty and limitations in standardizing 

methods for measuring AMR  

Dr Peter Smith, Ireland  

09.30–09.50 Development of a NAP on AMR Dr Melba G. Bondad-

Reantaso, FAO 

09.50–10.00 General discussions Dr Melba G. Bondad-

Reantaso, FAO 

10.00–10.30 Coffee break  

11.00–11.20 Guidelines for Session 4 Dr Melba G. Bondad-

Reantaso, FAO 

 SESSION 4: WORKING GROUP DISCUSSIONS  

11.20–12.00 Working Group discussions  

12.00–13.30 Lunch  

13.30–16.00 Group discussion continued   

16.00–16.30 Coffee break  

16.30–17.30 Presentations of Working Groups and 

discussions  

 

17.30–17.45 Wrap-up and tasks for Day 3  Dr Melba G. Bondad-

Reantaso, FAO 

DAY 3 Wednesday 12 April  

08.20–08.30 Tasks for Day 3 Dr Melba G. Bondad-

Reantaso, FAO 

08.30–10.30 Group discussion continued  

10.30–11.00 Coffee break  

11.00–12.00 Group discussion continued  

12.00–13.30 Lunch  

13.30–14.30 Presentation of the group discussion results  

14.30–16.00 Discussions and presentation on the way 

forward 

 

16.00–16.30 Coffee break  

16.30–17.00 Closing and distribution of certificates Dr Melba G. Bondad-

Reantaso, FAO 
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ANNEX 1b: List of participants 
 

 

COUNTRY DELEGATES 

 

PEOPLE’S REPUBLIC OF CHINA 

 

Li AIHUA  

Professor 

State Key Laboratory of Freshwater Ecology 

and Biotechnology Institute of Hydrobiology 

Chinese Academy of Sciences  

Wuhan, Hubei 430072  

People’s Republic of China 

 

MALAYSIA 

 

Gerald N. MISOL Jr 

Fisheries Officer 

Fisheries Biosecurity Division 

Department of Fisheries  

Level 3, Podium 2, Block 4G2 

Wisma Tani, Precinct 4, 62628 

Putrajaya 

Malaysia 

 

Wan NORHANA BINTI MD NOORDIN 

Senior Research Officer  

Fisheries Research Institute (FRI) 

11960, Batu Maung 

Penang 

Malaysia 

 

PHILIPPINES 

 

Simeona E. REGIDOR 

Officer-in-Charge and Laboratory Manager 

National Fisheries Laboratory Division 

Bureau of Fisheries and Aquatic Resources 

Arcadia Building  

860 Quezon Avenue 

Quezon City 

Philippines 

 

 

Sonia SOMGA 

Veterinarian III and Quality Assurance 

Manager 

National Fisheries Laboratory Division 

Bureau of Fisheries and Aquatic Resources 

Arcadia Building  

860 Quezon Avenue 

Quezon City 

Philippines 

 

VIET NAM 

 

Thi Lua DANG 

Vice-Director 

Center for Environment and Disease 

Monitoring in Aquaculture 

Research Institute for Aquaculture No.1  

Ministry of Agriculture and Rural 

Development 

Đình bảng – Từ sơn – Bắc ninh 

Viet Nam 

 

Long Van NGUYEN 

Head of Aquatic Animal Health Division 

Department of Animal Health 

Ministry of Agriculture and Rural 

Development 

Hanoi 

Viet Nam 

 

NETWORK OF AQUACULTURE 

CENTRES IN ASIA-PACIFIC  

 

Simon WILKINSON  

Coordinator, Communications Programme 

Network of Aquaculture Centres in Asia- 

Pacific  

Bangkok 

Thailand 
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WORLD ORGANISATION FOR ANIMAL 

HEALTH 

 

Delfy Marianella GÓCHEZ ALVARENGA 

Project manager 

Science and New Technologies Department, 

OIE 

12, rue de Prony 75017 

Paris 

France 

 

FAO EXPERTS 

 

Olga L.M. HAENEN 

Head of the National Reference Laboratory for 

Fish, Shellfish and Crustacean Diseases  

Wageningen Bioveterinary Research  

(former CVI) of Wageningen UR  

The Netherlands 

 

Larry HANSON 

Professor 

College of Veterinary Medicine 

240 Wise Center Drive 

Mississippi State University 

P.O. Box 6100 

Mississippi State, MS 39762-6100 

United States of America 

 

Iddya KARUNASAGAR 

Senior Director (International Relations) 

Nitte University 

University Enclave, Medical Sciences 

Complex, Deralakatte 

Mangalore-575018 

India 

 

Indrani KARUNASAGAR 

Director (R & D) 

Nitte University 

University Enclave, Medical Sciences 

Complex, Deralakatte 

Mangalore-575018 

India 

 

Celia LAVILLA-PITOGO 

Consultant 

Tigbauan, Iloilo 5021 

Philippines  

Peter SMITH  

Consultant 

Cloonboo, Corrandulla 

Galway H91 F3CT 

Ireland 

 

Phan Thi VAN  

Director 

Research Institute for Aquaculture No.1  

Ministry of Agriculture and Rural 

Development  

Đình bảng – Từ sơn – Bắc ninh  

Viet Nam 

 

FAO SECRETARIAT 

 

Omar ELHASSAN 

Volunteer 

Aquaculture Branch 

Fisheries and Aquaculture Department 

Food and Agriculture Organization of the 

United Nations 

Viale delle Terme di Caracalla 

Rome 00153  

Italy 

 

Elena IRDE  

Project Consultant 

Aquaculture Branch  

Fisheries and Aquaculture Department 

Food and Agriculture Organization of the 

United Nations  

Viale delle Terme di Caracalla 

Rome 00153  
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Melba B. REANTASO  

Aquaculture Officer 

Aquaculture Branch 

Fisheries and Aquaculture Department 

Food and Agriculture Organization of the 

United Nations 

Viale delle Terme di Caracalla 

Rome 00153 

Italy 
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ANNEX 1c: List of important bacterial pathogens in aquaculture production4 

 

I. Responsible management of bacterial diseases in aquaculture (in preparation) 
 

Criteria used for making the draft list of most important bacterial pathogens in aquaculture  

(1) economic importance of affected species  

(2) socio-economic impact                     

(3) zoonotic potential 

Coldwater: approximately 0-15ᵒC 

Temperate: 5-25ᵒC 

Tropical: 20-37ᵒC 

Gram-negative (6 groups): 

Vibriosis, Aeromonasis, Edwardsiellosis, Pseudomonasis, 

Flavobacteriosis, Infection with intracellular bacteria 

Gram-positive (4 groups): 

Mycobacteriosis, Streptococcosis, 

Renibacteriosis, Infection with anaerobic 

bacteria 

Vibriosis (V. anguillarum, V. harveyi clade, V. 

parahaemolyticus (VpAHPND), Vibrio aestuarianus, Aliivibrio 

salmonicida (V. salmonicida), V. vulnificus, Photobacterium 

damselae, Moritella viscosa) 

 

Species affected: numerous marine and brackish water species 

 

V. anguillarum; V. harveyi: variety of finfish, molluscs and 

crustacean species (i.e. salmonids, seabream, grouper, catfish, 

tilapia, shrimp, bivalves, lobsters)  

 

V. vulnificus: eel, tilapia, penaeid shrimp 

 

V. parahaemolyticus (VpAHPND): black tiger shrimp, Pacific 

white shrimp and fleshy prawn 

 

Photobacterium damselae spp. Damselae:  variety of marine 

finfish (i.e. sea bream, sea bass, cobia, rainbow trout, etc.) 

 

V. aestuarianus: Pacific oysters (mainly) and various other 

species including gilt-head seabream. 

 

M. viscosa and A. salmonicida: mainly Atlantic salmon, 

rainbow trout and Atlantic cod. 

Mycobacteriosis (Mycobacterium 

fortuitum, M. marinum, Nocardia 

asteroides, N. crassostreae (ostreae),  

N. seriolae) 

 

Mycobacterium spp. affect all species of 

finfish in marine, brackish and freshwater 

systems (i.e. zebrafish, cichlids, 

salmonids, bass, cod, halibut, eel, catfish, 

etc.). 

 

Nocardia spp. affect shellfish and finfish 

in marine, brackish and freshwater 

systems (i.e. Pacific oyster, Mediterranean 

mussel, European flat oyster, salmonids, 

grouper, sea bass, tilapia, snakehead, etc.).  

Aeromonasis (Motile Aeromonas spp.: Aeromonas caviae,   

A. hydropila, A. sobria, A. veronii, A. jandaei; A. salmonicida) 

 

Species affected: many species of fresh water and marine 

finfish (i.e. major carps, catfish, cyprinids, rainbow trout, 

goldfish etc.) 

Streptococcosis (Streptococcus 

agalactiae, S. iniae, Lactococcus 

garvieae, Aerococcus viridans) 

 

Streptococcis spp., and L. garvieae: 

Numerous fresh, brackish and marine 

water species are affected (i.e. tilapia, 

striped bass, gilthead seabream, catfish, 

rainbow trout). 

 

Aerococcus viridans var. homari: 

European and American lobster 

Edwardsiellosis (Edwardsiella anguillarum, E. ictaluri, E. 

piscicida, E. tarda, Yersinia ruckeri) 

Renibacteriosis (Renibacterium 

salmoninarum) 

                                                           
4 This list has since been updated and compiled by FAO/HQ Aquaculture Biosecurity team (M Bondad-

Reantaso, B Hao, B MacKinnon, 22 June 2020) for the Regional consultation on AMR Monitoring and 

Surveillance Guidelines Volume 3: “Monitoring and surveillance of AMR in bacteria from aquaculture” 
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Species affected: Numerous species of fresh water and marine 

finfish (i.e. catfish, major carps, grouper, red seabream, tilapia, 

salmon, goldfish, etc.). Y. ruckeri affects variety of species (i.e. 

carp, catfish etc.), although mainly salmonids. 

 

Affects salmonid fishes in freshwater and 

marine water (i.e. Pacific salmon, Atlantic 

salmon, rainbow trout). 

Pseudomonasis (Pseudomonas anguilliseptica,                            

P. fluorescens) 

 

Species affected:  

 

P. anguilliseptica: variety of marine and brackish water finfish 

species (i.e. eels, tilapia, barramundi, sea bream, salmonids, 

grouper). 

 

P. fluorescens: variety of freshwater finfish species (i.e. tilapia, 

goldfish, rainbow trout, carp). 

Infection with Anaerobic Bacteria 
(Clostridium botulinum, Enterobacterium 

catenabacterium) 

 

Rare. 

Various finfish species (i.e. rainbow trout, 

salmon, cod, herring). 

Flavobacteriosis (Flavobacterium branchiophilum,  

F. columnare, F. psychrophilum, Tenacibaculum maritinum) 

 

Species affected:  

 

F. branchiophilum and F. psychrophilum: variety of freshwater-

reared cold and warm-water finfish (many salmonid species, 

carp, eel, etc.). 

 

F. columnare:  variety of fresh and brackish water-reared 

finfish species (i.e. catfish, common carp, rainbow trout, tilapia, 

goldfish, etc.). 

 

T. maritinum: Variety of cold-water marine finfish species (i.e. 

sea bream, yellowtail, sea bass, salmonids, barramundi). 

 

Infection with Intracellular Bacteria (Piscirickettsia 

salmonis, Hepatobacter penaei, Francisella noatunensis, 

Chlamydia spp.) 

 

Piscirickettsia salmonis: variety of marine finfish species (i.e. 

salmonids, tilapia, grouper, sea bass). 

 

Hepatobacter penaei: many penaeid shrimp species. 

Francisella noatunensis: variety of marine and freshwater 

finfish (i.e. tilapia, salmonids, Atlantic cod, striped bass, etc.). 

Tilapia and cod are highly susceptible (high mortality). 

 

Clamydia spp.: occurs in over 90 species of freshwater and 

marine finfish depending on the species of bacteria; however, 

very species specific. Some affected species include various 

salmonids, carps, minnows, catfish, tilapia, barramundi, bass, 

etc. 

 

Legend: 

Those in bold have zoonotic potential 

Those in red  are present in tropical temperature: 20-37ᵒC 

 

 

 

II. Best practice guidelines for the performance of bacterial susceptibility tests 

 

Antimicrobial susceptibility testing of bacteria isolated from aquatic animals and their environments 

may be performed either as part of a monitoring or surveillance programme or to provide guidance for 
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clinical treatments of diseased animals. FAO published one technical paper addressing best practice 

guidelines for the performance of these susceptibility tests (Smith, 2019). 
 

Non-fastidious Gram-negative bacteria 

 

Aeromonas caviae Edwardsiella anguillarum 

Aeromonas hydrophila Edwardsiella ictaluri 

Aeromonas jandaei Edwardsiella piscicida 

Aeromonas salmonicida Edwardsiella tarda 

Aeromonas sobria Pseudomonas anguilliseptica 

Aeromonas veronii Pseudomonas fluorescens 

Acinetobacter spp. Yersinia ruckeri 

Citrobacter freundi.  
 

Halophilic Gram-negative bacteria (facultative and obligate halophiles) 
 

Aliivibrio salmonicida Vibrio harveyi 

Photobacterium damselae Vibrio parahaemolyticus 

Vibrio alginolyticus Vibrio vulnificus 

Vibrio anguillarum  
 

Flavobacteria and related species 

 

Flavobacterium branchiophilum Flavobacterium psychrophilum 

Flavobacterium columnare Tenacibaculum maritimum 
 

Gram-positive cocci 
Mesophilic species 

Aerococcus viridans Streptococcus iniae 

Lactococcus garvieae Streptococcus phocae 

Streptococcus agalactiae Weissella spp. 

Streptococcus dysgalactiae  

 

Psychrophilic species  

Lactococcus piscium Vagococcus salmoninarum 
 

Mycobacteria and related species 

 

There are five mycobacterial species reported as of importance in aquaculture: 

 

Mycobacterium fortuitum Nocardia crassostreae 

Mycobacterium marinum Nocardia seriolae 

Nocardia asteroides  
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III. NACA/FAO/OIE List

OIE-listed diseases (2020) 

(https://www.oie.int/animal-health-in-the-world/oie-listed-diseases-2020/) 

MOLLUSC DISEASES 

Infection with Xenohaliotis californiensis 

CRUSTACEAN DISEASES 

Acute hepatopancreatic necrosis disease (Vibrio parahaemolyticus (VpAHPND) 

Infection with Hepatobacter penaei 

List of Diseases in the Asia Pacific (2019)  

NACA/FAO/OIE Quarterly Aquatic Animal Disease Report 

(https://enaca.org/?id=1106&title=quarterly-aquatic-animal-disease-report-october-december-2019) 
DISEASES PREVALENT IN THE REGION 

1.1. FINFISH DISEASES 

OIE-listed diseases Non OIE-listed diseases 

N/A Enteric septicaemia of catfish (Edwardsiella ictaluri) 

1.2. MOLLUSC DISEASES 

OIE-listed diseases Non OIE-listed diseases 

Infection with Xenohaliotis californiensis N/A 

1.3. CRUSTACEAN DISEASES 

Acute hepatopancreatic necrosis disease (Vibrio 

parahaemolyticus (VpAHPND) 

Infection with Spiroplasma eriocheiris 

Infection with Hepatobacter penaei 

IV. Review papers

Bacterial diseases infecting farmed shrimp in 12 Latin American Countries (2000-2015) 
(Morales-Covarrubias et al, 2018): 

 Acute hepatopancreatic necrosis disease (Vibrio parahaemolyticus (VpAHPND))

 Vibriosis/Septic hepatopancreatic necrosis (mainly Vibrio harveyi, V. parahaemolyticus, V.

alginolyticus and V. campbellii)

 Necrotizing hepatopancreatitis

 Spiroplasmosis (Spiroplasma penaei)

Major bacterial pathogens in aquaculture (2020) (Reverter et al.,2020): 

 Aeromonas spp.

 Edwardsiella spp.

 Flavobacterium spp.

 Streptococccus spp.

 Lactococcus spp.

 Vibrio spp.

 Yersinia spp.

V. Examples of Country Information

1. China

a. 2019 National Surveillance - National Pathogen List5

5 Ministry of Agriculture and Rural Affairs of China, 2019, Aquatic Animal Health in China (in Chinese). 

https://www.oie.int/animal-health-in-the-world/oie-listed-diseases-2020/
https://enaca.org/?id=1106&title=quarterly-aquatic-animal-disease-report-october-december-2019
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Host Detected pathogens 

Finfish 

 Aeromonas caviae

 Aeromonas hydrophila

 Aeromonas sobria

 Edwardsiella tarda

 Flavobacterium columnare

 Pseudomonas alcaligenes

 Pseudomonas putida

 Streptococcus spp.

 Vibrio anguillarum

 Yersinia ruckeri

Crustaceans 

 Vibrio anguillarum

 Vibrio harveyi

 Vibrio parahemolyticus

Mollusc 

 Aeromonas hydrophila ssp. hydrophila

 Vibrio alginolyticus

 Vibrio flucialisⅡ

Amphibian and 

reptiles 

 Aeromonas hydrophila

 Elizabethkingia meningoseptica

b. NAP on AMR

 Campylobacter

 Enterococcus faecalis

 Escherichia coli

 Salmonella

 Staphylococcus aureus

2. Malaysia

a. National Pathogen List

 Aeromonas salmonicida

 Streptococcus

b. NAP on AMR

 Vibrio parahaemolyticus

 Escherichia coli

3. Viet Nam

Streptococcus spp.

Aeromonas hydrophila
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ANNEX 1d: Summary of working group discussions 
 

A. Working Group 1 — Development of NAP on AMR 

 

Working Group 1 agreed to use the example of Viet Nam and focused their discussion on the 

National action plan on AMR in Viet Nam that was drafted by Drs Nguyen Van Long and Dang 

Thi Lua.  
 

The following criteria were considered to select the important aquaculture species as models for 

AMU and AMR surveys in the project “FAO FMM/RAS/298 Project Strengthening capacities, 

policies, and national action plan on prudent and responsible use of antimicrobials in fisheries”: 

1) species is widely produced throughout Viet Nam; 2) fish products have been mainly consumed 

in Viet Nam and exported to a large number of markets; 3) diseases have been reported frequently 

and antibiotics are widely applied in farms; and 4) species with no national programme for AMU 

and AMR monitoring. Based on these criteria, the four main aquaculture species selected were: 

1) tilapia; 2) traditional fish (common carp, grass carp, Indian carps, etc.), 3) Pangasius catfish; and 

4) shrimp. The group identified the most important bacterial diseases as Vibrio spp. infection in 

shrimp, Edwardsiella spp. and Aeromonas spp. infections in Pangasius catfish, Streptococcus spp. 

and Aeromonas spp. infections in tilapia and Aeromonas spp. and Pseudomonas spp. infections in 

traditional fish. 

 

In order to deal with bacterial diseases in the main aquaculture species in Viet Nam, some actions 

have been taken by both the government and farmers, such as screening for seed before stocking, 

applying good aquaculture/biosecurity practices (pond preparation, reducing feed wastage, 

application of probiotics, supplementation with minerals, vitamins, etc.), establishing disease-free 

compartments and zones for shrimp and catfish production, applying vaccination in catfish and 

tilapia (Anpha Ject Panga 1, 2 for Edwardsiella ictaluri in catfish and vaccine for streptococcosis 

in tilapia). However, farmers are still using antibiotics for both prevention and treatment of diseases. 

Some AMU and AMR surveys have been done by the government for shrimp and catfish 

aquaculture, but have not yet been done for tilapia and traditional fish aquaculture. 

 

Currently, the National Action Plan for the Reduction of Antibiotic Use and Resistance in Livestock 

Production and Aquaculture, 2016–2020 has been developed in Viet Nam under the FAO support 

with five main objectives/activities: 1) enforce policy and governance related to AMR and AMU in 

livestock production and aquaculture; 2) increase awareness on AMR and AMU among livestock 

and aquaculture professionals and consumers; 3) implement good treatment and husbandry 

practices in livestock production and aquaculture; 4) monitor AMR, AMU and antibiotic residues 

in food and agriculture; and 5) facilitate intersectoral collaboration in the management of the risk 

of AMR. Under each objective/activity, some actions have been taken to date by the country or by 

FAO support, but some actions have not yet been taken and need to be done in the near future. 

 

Therefore, in order to support the current NAP on AMU and AMR 2016–2020 and also to meet to 

the objectives of FAO Project FMM/RAS/298, the future plan/activities proposed by Viet Nam’s 

delegates under FAO Project FMM/RAS/298 are as follows: 

1) Design and conduct surveys on AMU for tilapia and traditional fish cultured in Hai Duong 

Province in order to assess the current level of awareness on AMU (Objective 1 of the NAP; 

Activity 1 of FAO Project FMM/RAS/298); 

2) Conduct sampling and AMR testing for tilapia and traditional fish cultured in Hai Duong 

Province in order to assess the current level of awareness on AMR (Objective 1 of the NAP; 

Activity 1 of FAO Project FMM/RAS/298); 

3) Develop a central database for AMR in order to facilitate the management and analysis of 

AMR data (Objective 2 of the NAP; Activity 2 of FAO Project FMM/RAS/298); 
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4) Organize Training of Trainers for veterinarians and aquaculture professionals at the 

provincial level to enforce the implementation of the guidelines for good antibiotic use 

(Objective 3 of the NAP; Activity 2, 3 of FAO Project FMM/RAS/298); and 

5) Participate in regional and international activities/workshops on AMU and AMR to 

promote training and sharing of experience with other countries (Objective 5 of the NAP; 

Activity 3 of FAO Project FMM/RAS/298). 

 

 

Working Group 2—AMU/AMR surveillance 

The following forms were drafted by Working Group 2 for use in AMU and AMR surveillance.  

 

SECTION 1. Contact person profile 

 

1 GIVEN NAME  

2 SURNAME  

3 Address  

4 Phone number  

5 Profession Fish farmer 

Shrimp farmer 

Molluscs farmer 

Veterinarian 

Aquatic animal health officer 

Drug Importer 

Drug producer 

Drug dealer 

Other 

5.1 If you have selected “Other”, please specify  

If you have selected “Fish farmer” or “Shrimp farmer”, “Drug importer”, “Drug producer” or 

“Drug dealer” in question 5, please go to Section 2 

6 Education related to the field Training courses 

Bachelor degree 

Postgraduate studies 

Other 

7 If you have selected “Others”, please specify  
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SECTION 2. Farm information 

 

8 Cultured species Species 1 

Species 2 

Species 3 

Species 4... 

9 Area (m2)  

10 Stocking density  

11 Stocking time period  

12 Survival rate  

13 Number of crops per year  

14 Do you use antimicrobial agents during the 

crop? 

Yes 

No 

If you have selected “No” in question 14, please go to Section 3 

15 If you selected “Yes” in question 14, please 

indicate the purpose of use of these 

antimicrobial agents 

Treatment 

Prevention 

Disinfection 

Other 

15.1 If you have selected “Other” please specify  

15.2 If you have selected “Yes” in question 14, 

could you please indicate if you have been 

advised by professional 

 

15.3 Farm record for antimicrobial agents Yes 

No 
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SECTION 3. Types of antimicrobial agents used in cultured species 
T = treatment; P = prevention; D = disinfection; O = Others (if not sure, please provide brand names at the 

end of this table) 

Antimicrobial classes Species 1 Species 2 Species 3.... 

T P D O T P D O T P D O 

Antibiotics 

Flumequine             

Oxolinic acid             

Trimethoprim-

sulfadiazine 

            

Florfenicol             

Amoxycillin             

Erythromycin             

Oxytetracycline             

Enrofloxacin             

Fosfomycin             

Others:             

             

External treatments (bacteria, parasites and fungi) 

Benzalkonium chloride             

Chloramine-T             

Copper sulphate             

Diquat bromide             

Formalin             

Hydrogen peroxide             

Potassium permanganate             

Dichlorvos             

Trichlorfon              

Malachite green             

Methylene blue             

Trifluralin             

Others:             

             

Antihelminthics             

Ivermectin             

Diflubenzuron             

Praziquantel             

Others:             

Brand name:             
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SECTION 4. Doses of antimicrobial agents used in cultured species, expressed in mg 
T = treatment; P = prevention; D = disinfection; O = Others (if not sure, please provide brand names at the 

end of this table) 

Antimicrobial 

classes 

Species 1 Species 2 Species 3.... 

T P D O T P D O T P D O 

Antibiotics 

Flumequine             

Oxolinic acid             

Trimethoprim-

sulfadiazine 

            

Florfenicol             

Amoxycillin             

Erythromycin             

Oxytetracycline             

Enrofloxacin             

Fosfomycin             

Others:             

             

External treatments (bacteria, parasites and fungi) 

Benzalkonium 

chloride 

            

Chloramine-T             

Copper sulphate             

Diquat bromide             

Formalin             

Hydrogen 

peroxide 

            

Potassium 

permanganate 

            

Dichlorvos             

Trichlorfon             

Malachite green             

Methylene blue             

             

Others:             

             

Antihelminthics             

Ivermectin             

Diflubenzuron             

Praziquantel             

Others:             

Brand name:             
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SECTION 5. Duration of antimicrobial agents used in cultured species, expressed in days 
T = treatment; P = prevention; D = disinfection; O = Others (if not sure, please provide brand names at the 

end of this table) 

Antimicrobial classes Species 1 Species 2 Species 3.... 

T P D O T P D O T P D O 

Antibiotics 

Flumequine             

Oxolinic acid             

Trimethoprim-sulfadiazine             

Florfenicol             

Amoxycillin             

Erythromycin             

Oxytetracycline             

Enrofloxacin             

Fosfomycin             

Others:             

             

External treatments (bacteria, parasites and fungi) 

Benzalkonium chloride             

Chloramine-T             

Copper sulphate             

Diquat bromide             

Formalin             

Hydrogen peroxide             

Potassium permanganate             

Dichlorvos             

Trichlorfon             

Malachite green             

Methylene blue             

Trifluralin             

Others:             

             

Antihelminthics             

Ivermectin             

Diflubenzuron             

Praziquantel             

Others:             

Brand name:             
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SECTION 6. Effectiveness of antimicrobial agents used in cultured species, expressed in percent 
T = treatment; P = prevention; D = disinfection; O = Others (if not sure, please provide brand names at the end of 

this table) 

Antimicrobial classes Species 1 Species 2 Species 3.... 

T P D O T P D O T P D O 

Antibiotics 

Flumequine             

Oxolinic acid             

Trimethoprim-sulfadiazine             

Florfenicol             

Amoxycillin             

Erythromycin             

Oxytetracycline             

Enrofloxacin             

Fosfomycin             

Others:             

             

External treatments (bacteria, parasites and fungi) 

Benzalkonium chloride             

Chloramine-T             

Copper sulphate             

Diquat bromide             

Formalin             

Hydrogen peroxide             

Potassium permanganate             

Dichlorvos             

Trichlorfon             

Malachite green             

Methylene blue             

Trifluralin             

Others:             

             

Antihelminthics             

Ivermectin             

Diflubenzuron             

Praziquantel             

Others:             

Brand name:             
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SECTION 7: In your experience, what is the availability of these agents? 
(If not sure, please provide brand names at the end of this table) 

Agents Freely 

available 

in the 

market 

Only 

through 

prescription 

Do not 

know 

Agents Freely 

available 

in the 

market 

Only 

through 

prescription 

Do 

not 

know 

Antibiotics    Sea lice 

control 

   

Flumequine    Emamectin 

benzoate 

   

Oxolinic acid    Teflubenzuron    

Trimethoprime-

sulfadiazine 

   Azamethiphos    

Florfenicol    Cypermethrin    

Amoxicilin    Dichlovos    

Erythromycin    Acyl urea    

Oxytetracycline    Hydrogen 

peroxide 

   

Enrofloxacin     Others:    

Fosfomycin        

Others:    Antihelmintics    

    Ivermectin    

    Diflubenzuron    

External treatments 

(bacteria, parasites 

and fungi) 

   Praziquantel    

Benzalkonium 

chloride 

   Others:    

Chloramine-T        

Copper sulphate        

Diquat bromide        

Formalin    Formaldehyde    

Hydrogen peroxide    Hydrogen 

peroxide 

   

Potassium 

permanganate 

   Chlorine    

Dichlorvos    Isopropyl 

alcohol 

   

Trichlorfon    Phenolic 

compounds 

   

Malachite green    Iodophors    

Methylene blue    Quaternary 

ammonia 

   

Trifluralin    Vaccines    

Others:    Others:    
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SECTION 8: Drug sales 
 

Please indicate the period of time for which you are providing data (e.g. 1 January 2017 to 31 December 2017): 

 

Please indicate the amounts of antimicrobial agents by each antimicrobial class and uses when is possible 

 

T = treatment; P = prevention; D = disinfection; O = Others 

Antimicrobial classes Total amount of antimicrobial agents (kg) 

T P D O All 

uses 

Antibiotics      

Flumequine      

Oxolinic acid      

Trimethoprim-sulfadiazine      

Florfenicol      

Amoxycillin      

Erythromycin      

Oxytetracycline      

Enrofloxacin      

Fosfomycin      

Others:      

Total amount of antibiotics      

External treatments (bacteria, parasites and fungi)      

Benzalkonium chloride      

Chloramine-T      

Copper sulphate      

Diquat bromide      

Formalin      

Hydrogen peroxide      

Potassium permanganate      

Dichlorvos      

Trichlorfon      

Malachite green      

Methylene blue      

Trifluralin      

Others:      

Total amount for external treatments      

Antihelminthics      

Ivermectin      

Diflubenzuron      

Praziquantel      

Others:      

Total amount for antihelmintics      

Total amount for antimicrobials      
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SECTION 9: Drug sales by routes of administration 
 

Please indicate the period of time for which you are providing data (e.g. 1 January 2017 to 31 December 2017): 

 

Please indicate the amounts of antimicrobial agents by each antimicrobial class and routes of administration 

when is possible. 

 

MF = medicated feed; BT = bath treatment; DP = directly to the pond; PD = parenteral delivery 

Antimicrobial classes Total amount of antimicrobial agents (kg) 

MF BT DP PD All 

routes 

Antibiotics      

Flumequine      

Oxolinic acid      

Trimethoprim-sulfadiazine      

Florfenicol      

Amoxycillin      
Erythromycin      

Oxytetracycline      

Enrofloxacin      

Fosfomycin      

Others:      

Total amount of antibiotics      

External treatments (bacteria, parasites and fungi)      

Benzalkonium chloride      

Chloramine-T      

Copper sulphate      

Diquat bromide      

Formalin      

Hydrogen peroxide      

Potassium permanganate      

Dichlorvos      

Trichlorfon      

Malachite green      

Methylene blue      

Trifluralin      

Others:      

Total amount for external treatments      

Antihelminthics      

Ivermectin      

Diflubenzuron      

Praziquantel      

Others:      

Total amount for antihelmintics      

Total amount for antimicrobials      

 

Notes on the collection of data 

 Make sure that the antimicrobial classes included on the list are based on a previous analysis of the 

current known national antimicrobial resistance mechanisms. 

 The nomenclature of antimicrobial agents reported should comply with international standards. 

 If the report is going to be available to the public, anonymity of individual enterprises should be 

ensured.  
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Logistics/operational aspects 

 Information to be collected by government officers, extension officers, academic institutions.  

 Resources for survey should be made available by the authorities. 

 

Stakeholders 

 Farmers 

 Veterinarians – aquatic animal health professionals 

 Associations of aquaculture producers, exporters 

 Aquaculture extension officers 

 Academic institutions 

 Pharmaceutical industry, customs department 

 Fish inspectors 

 Government officers 

 

Surveillance objectives 

 Establish baseline data on AMU and AMR in country for important cultured aquatic animal species. 

 Identify data gaps and research requirements. 

 Conduct risk analyses as relevant to aquatic animals in a One Health approach. 

 Identify appropriate interventions to control the emergence and spread of resistant bacteria including 

prudent use guidelines and evaluate their effectiveness. 

 Provide recommendations on aquatic animal health policies and programmes. 

 

Sampling design 

 Sampling to cover aquaculture farm animals, animals in retail, processed products. 

 Random sampling to cover all aquaculture species and ecological regions with aquaculture activity in 

the country. 

 Targeted sampling based on information on AMU. 

 Samples should be representative of the AMR situation in the concerned aquaculture system and 

cultured fish/shrimp species. 

 Continuous sampling (longitudinal) to cover seasonal and regional variations. 

 

Target microorganisms 

 Consider bacteria that are native to the aquatic environment in the ecosystem (freshwater, marine, 

brackish water). 

 Consider bacterial pathogens relevant to the aquaculture species in the culture system in the country. 

 Consider indicators of contamination coming from humans and animal farms. 

 Consider human pathogens like Salmonella, if there has been an established link between the 

aquaculture system and outbreaks of fish poisoning. 

 Make decision on number of isolates of each type to be tested based on frequency of isolation of the 

target microorganism and expected level of prevalence of resistance in the bacterial population. 

 

Laboratory methodology 

 Use internationally valid methods for isolation and identification of target bacterial species (e.g. 

International Organization for Standardization (ISO), AOAC International, American Public Health 

Association). 

 If such methods are not available, consider “fit for purpose” method based on performance 

characteristics of the method (e.g. FAO/WHO Guidance on human pathogenic Vibrio spp.). 

 Perform disc diffusion and MIC assays as per CLSI or other internationally validated guidelines.  

 Ensure laboratory quality control systems are in place. Preferably, laboratories should have 

accreditation (e.g. ISO 17025). 

 Conclusions on sensitivity/resistance should be based on epidemiological cutoff values. If these values 

do not exist, try to establish by analyzing MIC values of required number of wild-type isolates. 

 Report results providing data on resistance, MIC and zone diameter values. 
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B. Working Group 3—AMR monitoring 

Background discussion 

 

In terms of operational scale and target markets, aquaculture operations may be grouped into large entities that 

aim to export their produce, and small and medium-sized entities that cater to the demands of domestic markets.  

 

Farms that export their produce are subjected to various audits, including those of third-party certification 

bodies, to fulfil requirements of importing countries. These companies can police themselves and are, in 

general, compliant with good aquaculture practices and transparent of their records on application of accepted 

or approved inputs like antimicrobials. On the other hand, much of the food supply entering the domestic 

market does not go through rigid audits. Records on usage and disclosure of inputs may not be easy to obtain.  

 

Antimicrobial sources and methods of application 

 

In Asia, where most of aquaculture commodities are produced, there are basic problems on usage of 

antimicrobials: 

 Antimicrobials may be purchased from “general stores” selling every other aquaculture product. 

 There is a general lack of labelling, and active ingredients are not listed. 

 Without knowledge of the brand name or barrel of antimicrobial that is being applied, the active 

ingredients cannot be identified, and all efforts to encourage use of correct antimicrobials becomes 

impossible. 

 The supply chain of antimicrobials needs to be identified and quantitatively monitored. 

 

Another important issue on antimicrobial usage is the method of application. Antimicrobials are applied on 

feeds by top-coating them on dry pelleted feeds by spraying or mixing with binders. Leaching of antimicrobials 

after the feed is broadcast into the water enables the drug to reach non-target populations in the aquatic 

environment. The variety in culture systems (land-based ponds or tanks and cage systems in open sea) creates 

different degrees of risk on AMR. While the aim for compliance on AMU encompasses all culture systems, it 

should be considered that regulations could endanger operations of domestic and/or small markets. We must 

be careful about the effects of the pressures and stringent regulations being put in place on subsistence farmers 

and aquaclubs with small exporting power. Tiered restrictions and/or regulations could more proportionately 

be imposed. 

 

Diagnostics 

 

It is recognized that diagnosis of diseases in aquatic animals is dependent on the availability of qualified aquatic 

animal health professionals. Too often, a bacterium is implicated as part of an infection when it is just an 

opportunistic pathogen, and the real issue is lack of good husbandry and a suboptimal environment for the fish. 

 

Current issues for effective diagnostics:  

 How do we get the samples and who does this?  

 Capacity of the laboratory that does the testing?   

 Criteria for interpreting the results and who do they communicate it to?   

 Where do they send the isolate? 

 How do samples get from the farm to the laboratory? 

 

Major issues related to diagnosis and prescription: 

 Are there enough aquatic animal health professionals to conduct timely diagnosis using live samples? 

 If live samples cannot be delivered, is there a next best thing? How should samples be managed so 

that they reflect the true microbial nature of where they came from? 

 Where antimicrobial agents are prescribed, is there sufficient data to support and recommend 

withdrawal periods? How about emergency harvests? (harvesting before finishing the recommended 

withdrawal period) 
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There is a need to establish the flow of prescriptions from diagnosis, because prescriptions and diagnosis 

establishes records in line with the amounts of use. It is also more efficient to increase the capacities of existing 

diagnostic laboratories and incorporate internationally accepted standardized methods. 

 

A revisiting of conventional diagnostic practices is well advised; overreliance on high tech (e.g. PCR) in 

laboratories without the concomitant interpretation/diagnostic/analytical skills is common. Training 

programmes for existing laboratories to increase organizational and functional capacity would assist in data 

analysis and more reliable diagnostics. 

 

Measuring antimicrobial resistance  

 

Basic issues on AMR testing: 

 It is essential that when and wherever possible, internationally agreed standard susceptibility testing 

protocols be adopted in AMR studies. 

 It is essential that epidemiological cut-off values be applied to interpret the meaning of raw 

susceptibility data obtained by these standardized protocols. 

 It is essential that either consensus epidemiological cut-off values should be applied when these have 

been published or that, when these are not available, statistically based methods should be used to 

establish appropriate values. 

 Both raw and interpreted data should be sent to a centralized agency to create regional profiles of 

resistance. This needs a flow chart of work and data flow from farm, laboratory and data center. 

 Consideration should be given to the method of storage and archiving of bacteria. 

 As to the methods to use for AMR testing, either disk diffusion or MIC studies or both are acceptable. 

Logistical and financial considerations may influence the choice. When achieving accurate incubation, 

temperatures are an issue and preference should be given to the use of MIC methods.  

 A system of grouping antibiotics into different classes would improve the efficiency of testing. 

 

Infrastructure: 

 Capacity building programmes will be needed to train laboratories in the use of standardized protocols 

for susceptibility testing of bacteria isolated from aquatic animals and in the interpretation of the data 

they generate. Basic courses that teach techniques in AMR testing may be available online and could 

be a cost-effective means for capacity building.  

 In many areas, there may be many laboratories with experience of AMR susceptibility testing for 

bacteria isolated from humans, but few or none with experience for bacteria isolated from aquatic 

animals. In these situations, it is probably better to expand the capacity of the experienced laboratories 

to include aquatic isolates rather than develop new aquatic-orientated laboratories. 

 

C. Working Group 4—Guidance on best practices in aquaculture 

 

Working Group 4 presented best practices in aquaculture for minimizing AMR. A discussion followed, 

resulting in a need to define minimum requirements for best practices to reduce AMR. As the basis for the 

discussion, the group referenced OIE and FAO documents on AMU and AMR. Several of the best practices 

needed to minimize AMR require technical expertise or economic resources that cannot be met by small low-

income and subsistence farms. However, the need for government assistance and promoting the farmers to 

establish cooperatives would empower them and facilitate compliance to GAqPs. National Action Plans were 

presented by the four countries. A review of existing BMPs/GAqPs and integrated appropriate measures 

regarding the prudent use of veterinary drugs and reduction of AMR was shown. For diagnostics, it was advised 

that levels 1, 2 and 3 would be needed, based on aim, feasibility and economics. This will be included in the 

FAO book Responsible management of bacterial diseases in aquaculture. Below is an abbreviated summary 

of the suggested best aquaculture practices (minimum requirements are in bold):  

 

1. Prevention, biosecurity, husbandry. Rationale: preventing disease reduces AMU, and biosecurity can 

also can help reduce spread of pathogens with AMR. 

 Prevention of diseases in general: avoidance, reduce stress, manage densities, use well 

formulated/fresh feeds, vaccinate and use disease-resistant strains/species. 
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 Elements on AMR prevention in terms of prevention, biosecurity and husbandry: avoid sources 

of pathogens with AMR (seed stock), environment, feed and avoid build-up in system if antimicrobials 

are used by complete harvesting and disinfecting.  

 

Recommendations: 

 Quality seed stock, feed and diagnostic services are critical components of disease prevention 

and avoidance of pathogens with AMR.   

 Small-scale farmers often do not have purchasing power to demand this level of quality, but they can 

form farmer cooperatives to increase influence and participate in certification/licencing programmes. 

 The government should invest in education and training. 

 Farms and cooperatives need to be registered and licensed, assuring that personnel/members are 

trained and following GAqPs established by government. 

 Make information available on good fish (health certification), food, etc. 

 Subsidize new biosecurity initiatives to facilitate improvements in practice. 

 Good aquaculture practices with extension material (clear national/FAO/OIE guidelines).  

 

2. Diagnostics. Rationale: proper diagnosis is needed for proper AMU and to monitor AMR. 

 Disease outbreaks should to be diagnosed by an aquaculture health professional. 

 Disease investigations should include site examination to evaluate potential breakdown in biosecurity, 

host factors and environmental factors underlying the disease outbreak. A critical component of 

GAqP is the logbook: the fish health professional can review the history of the population and 

management to assist in future disease prevention. 

 

Necropsy, including direct microscopy of diseased animals must be done. 

The health professional must evaluate the diseased aquatic animal and take samples for laboratory 

analysis. During this, a preliminary diagnosis of the disease(s) present as well as underlying factors are 

determined and immediate control measures are suggested. If this is a bacterial disease, an antibiotic 

prescription as well as instructions on the proper use of the drug is given to the aquaculturist. This must 

be followed by culture of the pathogen and antimicrobial testing. 

 Microbiology laboratory testing should include bacterial isolation, judgement on bacterial 

growth amount; identification and antibiotic sensitivity testing should be performed in all cases 

where antimicrobials are prescribed. The methods should be appropriate for the disease and 

pathogen being evaluated. The staff should be trained and familiar with aquatic pathogens and be 

aware of the case information.  

 The fish health professional must interpret the laboratory findings and communicate the 

relevant information for disease treatment, management and the prevention of future outbreaks 

to the aquaculturist. 

 

Recommendations: 

 Have training and certification for licensed veterinarians/aquaculture health professionals. 

 Guidance (simple guides with many pictures) and training are needed for aquaculturists. These guides 

should cover what samples and information are needed, how to take samples and how to contact and 

what should be expected from the health professional. 

 Have enough (regional) fish disease laboratories and skilled personnel (education, investment) to 

support field fish health professionals. 

 

3. Therapy: drug prescription, prudent use of antimicrobials 

 Drug prescription should be based on a correct diagnosis and only used to treat bacterial diseases 

(not for disease prevention or growth promotion). 

 Veterinarians/aquaculture health field professionals: treat specifically with known dose, target species, 

with proper (avoid waste) and safe use (clothing etc.) of the antibiotic, including treatment and 

withdrawal times, and advise on disease prevention. 

 Antibiotics must be purchased from licenced vendors. 
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 Lists of approved antibiotics for use in aquaculture by species and disease and alternatives 

should be provided. 

 A list of illegal (banned) drugs must be made available, as well as the legal consequences for 

using these drugs.  

 

4. Zoonotic diseases: contact-zoonotic bacteria from aquaculture 

 Aquaculturists, processors and farm workers must be aware of human health risks from 

pathogens that are present in aquaculture facilities and products. They should be trained in the 

use of good hygiene and in recognizing signs of a zoonotic disease, as well as recognition of when a 

person is immuno-compromised and must avoid contact with an aquaculture facility. 

 Medics should be aware of contact zoonoses acquired from fish or shellfish: contact between 

veterinarians and medics is crucial: One Health policy is needed. 

 

5. Awareness, education, communication, networking 

 Set of key messages on risks of indiscriminate use of antimicrobials and how this leads to AMR (risk 

analysis of antimicrobial usage). 

 Set of key messages on AMR and how this can be prevented or reduced. 

 Set of key messages on safety for farm workers, including chemicals and zoonosis. 
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ANNEX 1e: Photographs 
 

Figure 1. Group photo of FAO Project FMM/RAS/298/MUL: Strengthening capacities, policies, and national 

action plans on prudent and responsible use of antimicrobials in fisheries, Workshop 1. First row (left-right): 

Phan Thi Van (Viet Nam), C. Lavilla-Pitogo (Philippines), L. Hanson (USA), P. Smith (Ireland), O. Haenen 

(Netherlands), A. Li (P.R. China), D. Góchez Alvarenga (OIE), Wan Norhana (Malaysia), S. Regidor 

(Philippines). Second row (left-right): R. Deekshit (Nitte, India), B. Maiti (Nitte, India), S. Hegde (Nitte, 

India), P. Rai (Nitte, India), S. Shetty (Nitte, India), V. Bhat (Nitte, India), V. N. Long (Viet Nam),  

S. Wilkinson (NACA), Dang Thi Lua (Viet Nam), S. Somga (Philippines), E. Irde, (FAO), G. Misol, Jr 

(Malaysia), O. Elhassan (FAO), A. Chakraborty (Nitte, India), S. Adappa (Nitte, India), N. Shetty (Nitte, 

India). Third row (left-right): J. Shetty (Nitte, India), K. Nayak (Nitte, India), I. Karunasagar (Nitte, India), 

J.K. Jena (ICAR, India), M. Bondad-Reantaso (FAO), S. Ramananda Shetty (Nitte, India), S. Kumar Bhandary 

(Nitte, India), C.S. Shastry (Nitte, India), M. Hegde (Nitte, India), I. Karunasagar (Nitte, India). 

 

Figure 2. Opening of the workshop. Left to right: I. Karunasagar (Nitte, India), J.K. Jena (Deputy Director General, 

ICAR, India), M. Bondad-Reantaso (FAO), I. Karunasagar (Nitte, India), S. Ramananda Shetty (Nitte, India). 
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Figure 3. Session 1: Setting the scene presentation by D. Góchez Alvarenga (OIE)  

 

Figure 4. Session 3: AMU and AMR surveillance and NAPs on AMR Working Group discussions 
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ANNEX 2 - Highlights of FAO Project FMM/RAS/298/MUL: Workshop 2 Putrajaya, Malaysia 
 

A. Introduction 

This workshop was the second in a series of three workshops towards the implementation of the Food and 

Agriculture Organization of the United Nations (FAO) Project FMM/RAS/298/MUL: Strengthening 

capacities, policies, and national action plans on prudent use of antimicrobials in fisheries. 

 
The first workshop was successfully held in Mangalore, India from 10–12 April 2017 and hosted by Nitte 

University. The four workshop sessions tackled the following: 

 Session 1: history, background and current focused attention on antimicrobial resistance (AMR), 

principles and concepts, past and on-going efforts, as a basis for better understanding of 

antimicrobial use (AMU) and AMR.  

 Session 2: country information on aquaculture health, AMU and AMR and status of AMR 

national action plans (NAPs). 

 Session 3: AMU and AMR surveillance country experiences, model example, information 

requirements and limitations and guidance in the development of NAP on AMR. 

 Session 4: Working Group discussions on: 

- Development of the aquaculture component of the NAP on AMR 

- AMU/AMR surveillance 

- AMR monitoring 

- Guidance on best practice in aquaculture 

 

Workshop 1 achieved its objectives of enhancing knowledge and a better understanding of AMU and AMR in 

the aquatic sector and country-specific situations as a basis for developing the sector-specific design of AMU 

survey and AMR monitoring and surveillance mechanisms and guidance in the development of the aquatic 

component of the NAPs on AMR. Intersessional activities were done by countries including AMU/AMR 

surveillance and further development of the NAPs on AMR in consultation with relevant national authorities. 

Workshop 2 of FAO Project FMM/RAS/298: Strengthening capacities, policies, and national action plans on 

prudent and responsible use of antimicrobials in fisheries was hosted by the Department of Fisheries, Malaysia 

and facilitated by Infofish. It was held in Putrajaya, Malaysia during 7–9 August 2017 and attended by 

delegates from the four countries targeted under the project (Peoples Republic of China, Malaysia, the 

Philippines, and Viet Nam).  

 

1. Objectives 

The objectives of Workshop 2 were to: 

1. provide update on the progress of AMU and AMR surveys and status of NAPs on AMR; 

2. gain further knowledge on best practices in diagnostics, AMU and other good aquaculture biosecurity 

practices at different levels and continuing education on AMU/AMR; 

3. develop training modules on good aquaculture and biosecurity practices (for selected species) and prudent 

use of antimicrobials for stakeholders; and 

4. develop guidance on antimicrobial susceptibility testing for selected species (e.g. carps, tilapia, shrimp). 

 

2. Process 

The workshop was held for three days and comprised six sessions as follows: 

• Session 1: Country progress report: National planning and consultations on the development of the 

aquaculture component of country NAPs on AMR 

• Session 2: Country progress report: AMU/AMR surveillance 

• Session 3: Best practices on diagnostics and AMU 

• Session 4: Working Group discussions and presentations: Guidance on best practices on the use of 
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antimicrobials in selected aquaculture species; training modules on good aquaculture and 

biosecurity practices (for selected species); and guidance on antimicrobial susceptibility testing for 

selected species (e.g. carps, tilapia, shrimp) 

• Session 5: Continuing education on AMU/AMR 

• Session 6: Finalize plans for the last workshop, intersessional country-level activities and project 

documentation outputs and way forward 

 

The Workshop 2 programme is given in Annex 2.a. 

 

3. Participants 

The three-day workshop was attended by a total of 37 participants coming 13 from countries. These 

delegates from the four target countries  (People’s Republic of China, Malaysia, the Philippines, and Viet 

Nam) as well as additional participants from five Asian countries (Indonesia, Malaysia, Myanmar, Thailand 

and Viet Nam), as well as international experts and FAO technical support staff from eight countries 

(Croatia, India, Italy, Ireland, the Philippines, Sri Lanka, Thailand, and the United States of America). The 

List of Participants in given in Annex 2.b.  

 

B. Opening of the workshop  

The workshop was opened by Ms Tan Geik Hong, Deputy Director General (Management), Department of 

Fisheries, Malaysia. This was followed by a brief presentation by Dr Melba Bondad-Reantaso giving an 

overview of the project, including its objectives, the process, the participants, the progress of the project 

implementation and the accomplishments to date.  

 

Dr Melba Bondad-Reantaso then explained the project activities so far and the overarching goal of contributing 

to the FAO Action Plan on AMR, which is based on the four pillars of awareness, evidence, practices and 

governance. After the project was approved in February–March 2017, the first workshop was held in 

Mangalore, India in April 2017. This served as a kind of inception workshop, to set in motion country-level 

activities in the four selected target countries (People’s Republic of China, Malaysia, the Philippines, Viet 

Nam).  

 

The current workshop is intended to review progress in the development of the aquaculture component of the 

NAPs on AMR and understand the current situation based on data coming from AMU/AMR surveillance.  

Dr Bondad-Reantaso also explained the progress to date on the preparation of the FAO book on bacterial 

pathogens of importance in aquaculture, which involves 12 global experts. The book would cover 38 pathogens 

in ten bacterial disease groups, six groups of Gram-negative and four groups of Gram-positive pathogens. She 

then outlined the structure of the workshop: Session 1 involves the presentation of country reports on NAPs 

on AMR and how the aquaculture sector has been addressed: Session 2 will include presentations on the status 

of AMU/AMR surveillance in the countries;  Session 3 will review the best practices in diagnostics and AMU, 

and  Session 4 will consist of working group discussions to: (i) agree on guidance in best practices in AMU in 

different aquaculture species groups (shrimp, carps, tilapia), (ii) develop a module for a training course on 

responsible use of antimicrobials for different stakeholders and (iii) develop guidance on antimicrobial 

susceptibility testing for selected species (shrimp, carps, tilapia, channel catfish). Session 5 is intended to 

provide more information in the form of continuing education on AMR issues, and Session 6 is for planning 

the future activities. 

 

C. Session 1: Country progress report: National planning and consultations on the development of 

the aquaculture component of country national action plans on AMR 

The objective of Session 1 was to be informed of the progress of the national planning and consultations on 

the development of the aquaculture component of country NAPs on AMR in the four target countries  

(People’s Republic of China, Malaysia, Philippines and Viet Nam). Presentations were thus made on each 

country’s progress on national planning and the consultations on the development of the aquaculture 

component of the national NAP on AMR.  
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1. Country progress report on the national planning and the consultations on the development of 

the aquaculture component of country NAPs on AMR in China  
Dr Aihua Li gave a presentation beginning with the NAP on AMR in the People’s Republic of China. He 

further explained the nationwide process of implementation and monitoring, including the training of 

farmers and technicians. In the People’s Republic of China, the NAP to contain AMR (2016–2020) was 

initially published in 2016 and then updated in 2017. There is an ongoing programme on the national special 

rectification plan on antibiotics, banned compounds and veterinary drug residues exceeding standards in 

livestock and aquatic products. There are also action plans at the provincial level. A statistical table of 

rectification results would be provided quarterly to the central management department. This would include 

information on the aquaculture units examined, veterinary drug production or sales units, the  

aquatic-products processing establishments and restaurants inspected, the number of failures and the 

corrective actions taken. The Ministry of Agriculture has constituted a National Expert Commission for 

AMR Containment and Veterinary Drug Residues. Maximum residue limits (MRLs) established in 2002 

are being reviewed and updates are expected to be released in 2018. A yearly plan for monitoring residues 

has been released. The National Fisheries Technology Extension Center is conducting training programmes 

for farmers on good aquaculture practices and the responsible use of veterinary drugs. A questionnaire-

based AMU survey has been initiated in 17 provinces, and over 2 000 questionnaires have been distributed. 

The nationwide aquatic AMR surveillance and monitoring programmes are being implemented according 

to the plan. The project is going on a yearly basis and the final results will be presented at the next workshop. 

 

2. Country progress report on the national planning and the consultations on the development of 

the aquaculture component of country NAPs on AMR in Malaysia  
Mr Gerald Misol Jr, representing the Department of Fisheries (DoF), Malaysia, highlighted the progress on 

the NAP on AMR. He explained the activities carried out thus far, which included the setting up of the DoF 

AMR Working Group, the AMR survey and AMR surveillance. He also elaborated on the evaluation and 

awareness activities carried out on AMR. The AMR Working Group of the DoF has been established and 

for AMU survey, questionnaires have been prepared and sent to farmers. The draft of an integrated AMR 

surveillance manual has been prepared, and four laboratories have been working on surveillance using the 

following target organisms: Vibrio parahaemolyticus, Escherichia coli and Salmonella. A list of antibiotics 

for susceptibility testing has been developed based on their use in human medicine and the veterinary sector. 

To increase awareness, a special slot on AMR was inserted during the Asia-Pacific Aquaculture Conference 

(July 2017), and a number of workshops and stakeholder meetings were conducted. It is proposed to 

develop best practices based on survey and surveillance results and include the criteria in the Malaysia 

Good Agricultural Practices (myGAP) and Food Quality Control Certification requirements.  

  

3. Country progress report on the national planning and the consultations on the development of 

the aquaculture component of country NAPs on AMR in the Philippines  
Drs Simeona Regidor and Sonia Somga described the implementation of the National Residue Monitoring 

Programme in the Philippines. The flow process and summary of analyses carried out in 2016 were 

presented. They also discussed the terms of reference of the Technical Working Group and key strategies 

of implementation of the programme. In the Philippines, the key strategy in the NAP is to strengthen 

surveillance and laboratory capacity. A National Residue Control Programme (NRCP) is being 

implemented, covering all 400 registered aquaculture farms. The residue testing laboratory is accredited to 

ISO17025 requirements, the sampling and testing are in accordance with European Union (EU) market 

requirements, and an annual sampling plan is developed and implemented. For farms, testing positive would 

lead to suspension of registration, which can be restored after corrective action has been satisfactorily 

implemented. In the case of feed, non-compliant batches will be destroyed. Currently data from the NRCP 

are available for the shrimp, tilapia and milkfish sectors. Another key strategy in the NAP is to ensure 

uninterrupted access to essential medicines of assured quality. A key activity to achieve this goal is the 

rationalization and harmonization of regulatory control over the manufacture and use of antibiotics in  
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animals. A draft administrative order on the regulation of drugs for use in aquaculture based on the Food 

Safety Act is in process. Another key strategy is to enhance infection prevention and control across all 

sectors. Inclusion of good aquaculture practices (GAqP) in the national standard is envisaged and training 

programmes on GAqP are organized. 

 

4. Country progress report on the national planning and the consultations on the development of 

the aquaculture component of country NAPs on AMR in Viet Nam 
Drs Nguyen Thi Lan Huong and Dang Thi Lua presented the NAP on AMU and AMR for Viet Nam, the 

progress of the aquatic component of the NAP and the plan, and activities undertaken from  

August–November 2017. In Viet Nam, the Ministry for Agriculture and Rural Development has issued 

decision No 2625/QD-BNN-TY on 21-06-2017 on the NAP for control of AMU and AMR in livestock and 

aquaculture. Major activities under the NAP include strengthening and consolidating the state management 

of AMU and AMR; improving the legal basis for AMU and AMR management; enforcing the regulations 

and technical guidelines in place; increasing awareness of the risks of AMU and AMR; implementing good 

husbandry, good treatment and good feed manufacturing practices in livestock and aquaculture; monitoring 

AMU, antibiotic residues and AMR; and strengthening intersectoral collaboration in AMR management. 

A National Committee for Controlling AMU and AMR, led by a Deputy Minister and comprised of  

32 members from different ministries has been established. A National Steering Committee for prevention 

and control of aquatic animal disease, AMU and AMR in aquaculture has also been established. In addition 

to the new Veterinary Law, which came into effect on 1 July 2016, 11 circulars on disease control in 

animals, AMU and AMR have been issued together with 20 official letters to direct and control AMU and 

AMR. A new decree 39/2017/ND-CP dated 4 April 2017 states that the use of antibiotics in feeds will be 

eliminated by 2020. The National Residue Control Programme is being strictly implemented, and a number 

of trainings to increase awareness have been organized for implementation. 

 

D. Session 2: Country progress report: Survey on the use of antimicrobials (AMU) and 

antimicrobial resistance (AMR) in aquaculture 

The objective of Session 2 was to inform the participants on the progress of the field surveys on AMU and 

AMR implemented at the country level. Delegates from the four target countries shared national experiences 

on the AMU and AMR in aquaculture. 

 

1. Progress report on the results of the AMU survey in China 
Dr Yishan Lu presented the outcomes of a survey on the use of antimicrobials in aquaculture in the People’s 

Republic of China. AMU surveillance was conducted by using questionnaires, farmer interviews and 

checking of farm records, as well as examination of sales records of shops retailing aquaculture inputs. Two 

thousand thirty-seven questionnaires were distributed to recipients in 17 provinces. Nine antibiotics are 

permitted for use in Chinese aquaculture, including doxycycline, neomycin (aminoglycoside), amphenicols 

(thiamphenicol, florfenicol), quinolones (enrofloxacin) and sulphonamides (sulphonomethoxine, 

sulphanilamide/trimethoprim, sulphamethazime/trimethoprim, sulphamethoxazole/trimethoprim). The 

survey revealed that the cost of chemicals and medications could account for 10–20 percent of farm 

expenses. Use of antibiotics was low, because there is a tendency to use traditional herbal Chinese 

medicines, immunostimulants and other products to manage water quality. Most antimicrobial applications 

occurred in the months of April to October, with a peak in June to August, because the incidence of bacterial 

disease problems is higher during summer months. Comparatively, AMU was higher in Hubei, Henan, 

Anhui and Fujian provinces, where summer temperatures can be high, resulting in disease problems in 

freshwater ponds. AMR surveillance focused on resistance determinants in Vibrio harveyi and Aeromonas 

strains, where two strains were found resistant to eight antibiotics. Quinolone resistance determinants were 

characterized, and mutations could be in gyrA or parC genes. Class 1 integrons were found in Aeromonas 

isolates. 

 

2. Progress report on the results of the AMU survey in Malaysia 
Dr Wan Norhana Bt Md Noordin presented the progress report on the AMU survey carried out in Malaysia 

including the results obtained so far. The aim of the survey was to raise awareness of AMR among fish 

farmers, communicate the mechanism of resistance, and make recommendations for actions to be taken by 
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farmers. In Malaysia, both active and passive surveillance for AMU was carried out. Passive surveillance 

was based on a questionnaire distributed to 106 farmers attending a training programme. Targeted 

surveillance of farms in some high-risk areas was also carried out using a questionnaire. Of fish farms and 

farms growing both fish and crustaceans, five of 12 and three of five used antibiotics, respectively. Ten 

farms growing only crustaceans did not use antibiotics. Fifty percent of the farms that used antibiotics 

purchased and applied them following professional prescription. Direct application to the water represented 

37.5 percent, another 37.5 percent applied the antibiotics by direct application and as feed additive,  

12.5 percent by bath treatment and 12.5 percent by application through feeds only. The antibiotics used 

included amoxicillin, ampicillin, oxytetracycline, nitrofurantoin and colistin. Both oxytetracycline and 

chloramphenicol were available over the counter. For parasite control, chemicals like trichlorfon, malachite 

green, methylene blue, praziquantel, formalin, copper sulfate, hydrogen peroxide, chloramine T, 

benzalkonium chloride and potassium permanganate were used. Most of these chemicals were available 

over the counter. Antimicrobials were mainly used to treat vibriosis and other bacterial diseases, but in 

some cases, they were used to treat parasites and viral diseases. 

 

3. Progress report on the results of the AMU survey in Philippines  
Dr Simeona Regidor reported on the survey carried out in the Philippines. She explained that the priority 

species were tilapia and shrimp. The presentation included details on the creation of a technical working 

group, the stakeholders involved, the objectives of the working group, and identification of appropriate 

interventions to control the emergence and spread of resistant bacteria. During the last five years of export 

of fish and shrimp to United States of America, the Philippines had 14 cases of shipment refusal due to 

detection of residues of antimicrobials (chloramphenicol, nitrofurantoin, oxytetracycline, sulphamethazine 

and amoxicillin) in frozen products. A technical working group involving members from regional fisheries 

laboratories has been formed to carry out surveillance in all registered farms, hatcheries, feedmills, 

processors and other stakeholders. The working group will review the results from previous surveys, 

identify gaps, design the survey questionnaire, develop survey methodology (including location, target 

group, timeline, method of sampling and data analysis) and study the availability of antimicrobials in the 

market. The results so far indicate that amoxicillin is used by some tilapia farmers, as this antimicrobial 

agent is freely available. The farmers reported effectiveness ranging from 50–90 percent. 

 

4. Progress report on the results of the AMU/AMR survey in Viet Nam 
Dr Dang Thi Lua presented the outcomes of the survey of AMU and AMR in freshwater fish culture in Viet 

Nam. The presentation included details of the field survey location, farm selection, investigations carried 

out and sampling of fish. AMU surveillance was conducted in two districts, Nam Sach and Tu Ky. All 

registered farms in six communes were listed and 10 farms with area exceeding 0.2 ha were randomly 

chosen. In this study, field investigators will receive training from key specialists from the Department of 

Animal Health and the Research Institute of Aquaculture No. 1 (RIA1). Target organisms for AMR 

surveillance are Streptococcus spp. and Aeromonas spp., common pathogens of freshwater fish in Viet 

Nam. Fourteen antibiotics will be used for the study of AMR, including neomycin, doxycycline, 

amphenicols, sulphonamides with or without trimethoprim and fluroquinolones. 

 

E. Session 3: Best practices on diagnostics and AMU 

The objective of Session 3 was to inform the participants on the available best practices on diagnostics and 

AMU in aquaculture at different levels (i.e. national, regional, international). 

 

1. FAO Code of Conduct for Responsible Fisheries Technical Guidelines on Prudent and 

Responsible Use of Veterinary Medicines in Aquatic Food Production 

Dr Melba Bondad-Reantaso discussed the FAO Code of conduct for responsible fisheries technical 

guidelines on prudent and responsible use of veterinary medicines in aquatic food production. She 

described in detail the use of veterinary medicines in aquaculture, guiding principles, benefits of the use of 

veterinary medicines, issues concerning the use of veterinary medicines and recommendations for their 

prudent and responsible use  in aquaculture production. Most antibiotics used in aquaculture were 

developed either for human or terrestrial animal use, and they have helped in significantly increasing 

aquaculture production. In some commodities (e.g. farmed salmon), disease prevention using vaccines has 
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become common practice. Problems associated with use of antimicrobials, such as persistence of residues 

and selection of resistant pathogens, have been recognized by governments, which has resulted in a 

tightening of regulations. It has been recognized that better enforcement of regulations by governments 

would lead to responsible use. The World Health Organization (WHO) has urged member states to put in 

place NAPs on AMR that are aligned with the Global Action Plan and with standards and guidelines 

established by intergovernmental bodies such as the Codex Alimentarius Commission (CAC), the World 

Organisation for Animal Health (OIE) and FAO. The guiding principle of the FAO Technical Guidelines 

is to regulate the use of chemical inputs in aquaculture that represent a risk to human health and the 

environment. Disposal of wastes including fish offal, sludge and dead diseased fish, excess veterinary drugs 

and chemical inputs in aquaculture should not constitute a hazard to human health and the environment. 

The use of veterinary medicines in aquaculture should be subject to oversight by aquatic animal health 

professionals. 

 

2. ASEAN Standard Operating Procedures for Responsible Movement of Live Aquatic Animals 

& examples of shrimp disease recognition for farm technicians through Level 1 diagnostics 

Dr Eduardo Leano presented the Association of Southeast Asian Nations (ASEAN) Standard Operating 

Procedures for Responsible Movement of Live Aquatic Animals (ASEAN SOP), which was developed in 

response to the needs of the ASEAN Economic Community. The ASEAN Economic Community will 

facilitate a globally competitive single market and production base, with a free flow of goods, services, 

labour, investments and capital across the 10 ASEAN member states (AMS). The ASEAN SOP will 

facilitate responsible trade of live aquatic animals among AMS and harmonize health certification schemes 

and other measures within ASEAN related to live movements. It encompasses the procedures for the 

movement of live aquatic animals within the ASEAN and includes procedures for quarantine, disease 

detection and diagnosis, inspection and sampling, capability for diagnosis, and issuance of health 

certificates. Thus, from an AMU and AMR perspective, the ASEAN SOP covers diagnostic standards and 

capability, risk analysis, health certification and quarantine. 

 

Since disease diagnosis is critical for responsible use of veterinary drugs in aquaculture, Dr Celia R Lavilla-

Pitogo emphasized that recognition of shrimp disease at the pond side using Level 1 diagnostics is a key to 

early detection of problems during production. By virtue of their being always at the ponds during feeding 

and water management, technicians assigned to each pond during shrimp culture and production can be 

trained to use Level 1 diagnostics and give immediate feedback on the daily health status of their stocks. 

Using mortality as an indicator of a problem in aquaculture may be too late, because many aquatic animals 

do not show clinical signs, although mortality may have already started. Technicians should know by heart 

the normal behaviour of their species of interest in order to spot any abnormality immediately. This could 

start with comparing feed consumption and expected normal feeding rate, because off-feed is one of the 

first signs of trouble or disease. Aside from good record-keeping, technicians should know where to seek 

assistance when Level 2 and 3 diagnostics are needed. Interpretation of laboratory data vis-à-vis shrimp 

behaviour and production targets should be done efficiently in order to characterize the urgency of the 

problem and apply appropriate mitigating measures. Four examples based on actual farm production 

settings were then presented: a) slow growth and wide size variation due to abnormality in the function of 

the digestive organ; b) gill discolouration and shell fouling; c) the effect of suboptimal water quality and 

poor environment on feeding of shrimp; and d) loose shell and soft meat syndromes. Each of the examples 

was discussed based on the gross signs observed, followed by a discussion on possible causes and potential 

solutions. 

 

3. Responsible management of bacterial diseases in aquaculture (book highlights) 

Dr Iddya Karunasagar discussed examples of bacterial diseases caused by Edwardsiella sp. and Aeromonas 

spp., which may cause serious problems in nurseries and grow-out ponds. He said that it is important to 

know the: (a) bacterial pathogen, its ecology, survival in aquaculture systems and virulence factors; (b) host 

and environmental factors influencing pathogenicity and disease susceptibility; (c) biosecurity measures 

that can be adopted to minimize the exposure of cultured fish species to pathogens; (d) availability of 

commercial vaccines to prevent infection by pathogens; (e) zoonotic potential of the bacterial pathogen; 

and (f) antibiotics to which the pathogen is susceptible and alternative disease management measures. In 

this context, the book on bacterial pathogens in aquaculture to be published by FAO should be very useful 
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to the aquaculture community. Although there are already published books on bacterial pathogens of fish, 

they were not written with the farming community as the target audience. These books were also published 

by big publishing houses and are thus beyond the reach of average small-scale farmers. The FAO book on 

responsible management of bacterial diseases in aquaculture will be open access and targeted for use by 

the farming community, making it a significant resource for the aquaculture industry. 

 

4. Available information on biosecurity and prudent use-related BMPs in aquaculture 

Mr Omar Elhassan gave an in-depth view on biosecurity and related better management practices (BMPs) 

in aquaculture. He described the critical points in setting up a biosecurity plan by giving a detailed example 

in shrimp farming. A typical biosecurity plan would include: (a) maintaining stock health and welfare; (b) 

raising awareness about organisms that pose a risk within and outside the farm; (c) obtaining pest and 

disease-free stock; (d) implementing hygienic practices; (e) making careful observation of anything 

unusual; and (f) having a biosecurity management plan in place. Critical actions would be: (a) maintaining 

stock health at optimal levels; (b) minimizing pest and disease risks associated with stock movements on, 

within and off the farm; (c) minimizing the risk of disease and pest entry and spread associated with 

incoming water; (d) minimizing the risk of disease and pest entry and spread associated with discharging 

water from the farm; (e) minimizing the risk of equipment, vehicles and vessels introducing and spreading 

disease onto, within and off the farm; (f) minimizing the risk of staff and visitors transferring pests onto, 

within and off the farm; (g) minimizing the risk of feed exacerbating or transferring pest and disease issues; 

(h) minimizing the risk of external animals transferring pests onto, within and off the farm; and (i) recording 

all the necessary information to trace the origin of pests or diseases in the event of outbreak. 

 

5. Current status on fish vaccines 

Dr Rohana Subasinghe discussed in length on the role of vaccines in reducing disease risks, including the 

types of vaccine and their administration. He reviewed the status of fish vaccines. About 25 vaccines are 

commercially available for aquaculture, mostly for salmonids, seabass, seabream, amberjack, yellowtail, 

American catfish and Vietnamese catfish. Both monovalent and polyvalent vaccines are available. Most of 

the vaccines are inactivated (formalin-killed) bacterial cells. There are a few live attenuated vaccines, both 

for bacteria as well as for koi herpesvirus (KHV). One commercial subunit vaccine (peptide VP2) for 

infectious pancreatic necrosis virus (IPNV) and one recombinant vaccine against infectious salmon anaemia 

(ISA) are in the market. Data on AMU in Norwegian aquaculture indicate that the use of vaccines has 

brought down AMU by over 95 percent. There are a number of important considerations for use of vaccines 

in fish, which include fish species, status of immune system, production cycle, farming technology, stress 

factors and nutritional factors. While injection is the most common route of administration, other delivery 

modes like oral and immersion are also of great interest. Currently, there are no commercial vaccines for 

invertebrates like shrimp, although there are a number of research studies to develop such products. 

 

6. Best Practice guidance review (from Mangalore workshop Working Group 4) 

The presentation on “Guidance on Best Practices in Aquaculture” by Dr Larry Hanson was a description of 

the outputs of Working Group No. 4 of the AMR Workshop 1, which took place in Mangalore, India in 

April 2017. The discussion covered the minimum practices suggested by the working group on prevention, 

biosecurity, husbandry, diagnostics, therapy, drug prescription, prudent use of antimicrobials, zoonotic 

diseases, contact-zoonotic bacteria from aquaculture, and awareness education, communication and 

networking. 

 

7. Review of alternatives to antimicrobials pertaining to diseases affecting carps 

Dr Aihua Li presented a review on alternatives to antimicrobials to control diseases affecting carps in the 

People’s Republic of China. He described the major alternatives to antibiotics, namely: phytogenics (plant-

derived compounds), vaccines, dietary acidifiers, short-chain fatty acids, bacteriophages, probiotics, 

prebiotics, short-chain carbohydrates (oligosaccharides), egg yolk antibody (IgY), antimicrobial peptides 

and biofloc technology. 

 

Drs Iddya Karunasagar and Aihua Li presented on alternatives to antibiotics in the culture of carps, which 
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are a major aquaculture commodity in Asia and are comprised of several species. In India, catla, rohu and 

mrigal account for most of the cultured species, in addition to common carp. In The People’s Republic of 

China, grass carp, Crucian carp and bighead carp are important cultured species. Carps are mostly grown 

in polyculture and, although most of them consume natural fish food organisms (phyto- and zooplankton), 

they are also given supplementary feed. Carp aquaculture faces disease problems due to parasites, bacteria 

and viruses, and adoption of GAqP, including putting in place biosecurity measures, is very important for 

prevention of disease problems to minimize the use of antibiotics. The benefits of adopting GAqPs were 

demonstrated in a field-level project supported by FAO in Wuhan, People’s Republic of China. Farmers 

practiced continuous stocking and intermittent harvesting without pond preparation, which led to 

persistence of disease problems and the use of antibiotics and chemicals to control them. The GAqPs 

adopted included removal of silt in the ponds, clearing water intake channels, stocking healthy fingerlings 

from hatcheries that followed GAqP, monitoring pond and sediment quality, controlling feeding to 

minimize wastage, and adjustment of polyculture species ratios for optimal utilization of natural food and 

the ration of supplementary feed. These practices led to higher production at lower cost, which resulted in 

a doubling of profit after each culture run. 

 

8. Review of alternatives to antimicrobials pertaining to diseases affecting shrimps 

Dr Celia Lavilla-Pitogo gave a review of alternatives to antimicrobials pertaining to diseases affecting 

shrimp. She noted that, based on the presentation of Dr Indrani Karunasagar during the first AMR workshop 

in Mangalore on “Alternatives to Antimicrobials”, several approaches are appropriate for shrimp culture. 

Many of these are measures or system innovations to specifically prevent or control the rampant occurrence 

of vibriosis in both hatchery and grow-out shrimp culture systems. These systems, which are designed to 

avoid potentially pathogenic Vibrio spp., especially the non-sucrose fermenting groups, are: biofloc system 

of culture; application of probiotics, bioremediators or bioaugmentors; and other microbial management 

approaches to fill the niches that Vibrios spp. could easily fill. All these approaches are meant to regulate 

the microbial community, assembly and composition in the rearing water to avoid bacterial diseases. 

Disease control mechanisms for bacterial infection can be approached in an ecological way whereby 

pathogens are outgrown by good bacteria within the system. One major innovation that was adopted by 

shrimp farms was the allocation of reservoirs where treatment and conditioning of incoming water could 

be done. The reservoir is the area in the farm most suited for green-water culture, a preventive approach 

seen as ecologically viable and environmentally friendly. Although the consequence of such an approach 

was reduction in effective area for shrimp culture, it gave way for innovations such as recirculation of water 

and the use of species that could serve as biofilters. Recently, however, these innovations failed to provide 

guaranteed biosecurity against a pathogen that uses bacteria as its vehicle for transmission, the acute 

hepatopancreatic necrosis disease (AHPND). With the resurgence of dealing with bacterial disease in 

shrimp culture and the banning of antibiotic treatment measures, the shrimp-farming industry is looking at 

the possibility of having disease-resistant stocks through genetic selection in the long term. Meanwhile, 

research continues on the application of phage therapy, quorum sensing disruption and the addition of toxin 

neutralizers or binders in feeds. 

 

9. Design of antimicrobial susceptibility testing programmes relevant to aquaculture and 

aquacultural products 

Dr Peter Smith talked about the design of antimicrobial susceptibility testing programmes relevant to 

aquaculture species. When selecting a standard testing protocol for a species of interest, consideration 

should be given to the bacteriological medium and incubation temperature (these should be suitable for all 

members of the species) and the availability of quality control ranges and interpretative criteria 

(epidemiological cut-off values). Dr Smith classified bacterial pathogens into six groups. Group 1 includes 

non-fastidious Gram-negative species like aeromonads, pseudomonads and Edwardsiella, for which 

standard protocols are available, while Group 2 includes non-fastidious Gram-negative species like Vibrio 

spp. Many bacteria can be isolated on microbiological culture media with 1 percent NaCl, but it is not 

certain if these bacteria can grow on Mueller Hinton agar without salt supplementation. At present, there 

are no acceptable quality control ranges for culture media supplemented with NaCl. Group 3 bacteria 

include Flavobacterium spp., which require modifications of Mueller Hinton broth, and no quality control 

ranges are available for this protocol. Group 4 includes Gram-positive bacteria. It is not clear if 

supplementation of blood is required in Mueller Hinton agar to support their growth. Group 5 includes 
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Mycobacteria spp. for which standard protocols are available. Group 6 includes miscellaneous bacteria for 

which standard protocols are not available. 

 

10. AMR in zoonotic pathogens associated with aquatic environment 

Dr Iddya Karunasagar described AMR in zoonotic pathogens associated with aquatic environments and, 

therefore, may be present in aquaculture systems. There are two types of these zoonotic bacteria: 1) native 

aquatic bacteria such as Vibrio spp. that have certain members (e.g. V. cholerae, V. parahaemolyticus and 

V. vulnificus) with known zoonotic potential, although only certain genotypes of these species may cause 

human infections; and 2) bacteria such as Salmonella sp. and Escherichia coli that are associated with the 

gut of warm-blooded animals that may enter aquatic environments through run-off and other sources. While 

talking about antimicrobial resistance, it is important to highlight that some species of bacteria, like 

Aeromonas, have intrinsic resistance to beta-lactam antibiotics like ampicillin. It is important to distinguish 

between intrinsic and acquired resistance. Antibiotic resistance has been observed in both autochthonous 

aquatic bacteria as well as allochthonous bacteria, but it is difficult to attribute reasons for resistance. In 

most cases, resistance observed might be towards antibiotics that are not used in aquaculture. It also needs 

to be borne in mind that phenotypic resistance to an antibiotic could be due to different genetic 

determinants. For example, resistance to tetracycline could be due to production of enzyme that inactivates 

tetracycline or due to alteration of proteins in ribosomes, the target binding site of tetracyclines. This calls 

for caution in interpretation of the link between resistance observed in clinical and environmental isolates 

of the same species.    

 

11. Diagnostics and antimicrobials administration  

Dr Snjezana Zrnčić emphasized the contribution of diagnostics to the responsible management of bacterial 

diseases in aquaculture and consequently, to the reduction the AMU and prevention of AMR development. 

She explained the importance of diagnostics for responsible use of veterinary medicines in aquaculture. 

Diagnostics can be Level 1, which includes observation of gross signs of disease, changes in the 

environment and necropsy; Level 2, which includes bacteriology, mycology, histology and other techniques 

that require performance in a laboratory; or Level 3, which would include molecular diagnostics. Fast and 

accurate diagnostics is important to initiate management measures, which may include therapy, depending 

on the pathogen involved. Different terminologies have been used for application of antimicrobials. 

Therapeutic use indicates application in treatment of confirmed infections. Prophylactic use is done to 

prevent development of infection in individuals or groups. Metaphylaxis means use of drugs in group 

medication procedures involving treatment of sick animals and preventative treatment of others. 

Administration of antimicrobials in aquaculture might be by bath or dip, by injection, through medicated 

feed or through bioenrichment (e.g. via the brine shrimp, Artemia). Choice of antimicrobial will be based 

on history of susceptibility and data from susceptibility testing. Care should be taken to apply proper dose 

to avoid subdosing. Duration of treatment should be at least three days after cessation of signs of disease, 

but not less than seven days. Some of the common mistakes in the application of antimicrobials are starting 

too late, inadequate dosing, wrong duration of treatment, repeated use of the same medicine, and the use of 

antibiotics to treat viral infections. For the use of medicated feeds, starvation before application is important 

and medicated feed should be given as the first meal of the day.       

 

F. Session 4: Working group discussions and presentations: Training modules on good aquaculture 

and biosecurity practices (for slected species) and prudent use of antimicrobials for stakeholders 

The objective of Session 4 was to examine all available information and prepare a more explicit guidance on 

best practices on the use of antimicrobials in selected aquaculture species using a hazard analysis and critical 

control points (HACCP) approach where critical points or risk stages in the aquaculture production cycle are 

identified and appropriate risk management or biosecurity measures (at various levels) can be applied. The 

session also developed a training course module on prudent and responsible use of antimicrobials for different 

stakeholders. 

 

 

Having been given relevant information and knowledge about important diseases in aquaculture and the salient 
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features of AMU and AMR, the workshop participants were divided into four working groups to discuss and 

prepare the guidance and actions for countries. The outcomes of the discussions were presented by each 

working group and the tabulated details gathered by the four working groups are given in Annex 2.c. 

 

1. Working Group 1: Guidance on best practices on the use of antimicrobials in selected 

aquaculture species (carps and tilapias) 
Working Group 1 looked at critical points in antimicrobial application in tilapia and carp aquaculture. In 

carps and tilapia, the critical points are in transport water for broodstock, before spawning and stripping, in 

eggs until absorption of yolk, during transport to nursery and in ponds, and while there are confirmed 

bacterial diseases. Oxytetracycline is commonly used for bath treatment and applied in medicated feed. 

Florfenicol and erythromycin are alternatives. Most often, farmers are not aware of withdrawal periods. 

The critical points for biosecurity are at the hatchery during broodstock transport and handling, in the 

nursery and in grow-out ponds. There is a need to improve the protocols for disinfection of eggs, water, 

equipment and vehicles. More information and educational materials are required on treatment dose, 

duration, withdrawal time and on alternative treatments.  

 

2. Working Group 2: Guidance on best practices on the use of antimicrobials in selected 

aquaculture species (shrimp) 
Working Group 2 examined and discussed shrimp aquaculture systems. A critical issue seems to be in the 

marketing of both specific-pathogen-free (SPF) and non-SPF broodstock, resulting in differences in 

postlarval quality for pond stocking. It is important that farmers are assisted to know the difference, to 

identify larvae from SPF broodstock, and to understand the risk associated with stocking postlarvae from 

non-SPF sources. In hatcheries, there is need to ensure strict adherence to guidelines on the responsible use 

of antimicrobials. In nursery and grow out, timely recognition of any disease problem would be important 

and adopting good practices can minimize disease problems. Biosecurity implementation involves proper 

disposal of dead or moribund animals, and appropriate containment of contaminated rearing water prior to 

release into the natural environment. 

 

3. Working Group 3: Training course module on prudent and responsible use of antimicrobials 

for different stakeholders 
Working Group 3 discussed antimicrobial susceptibility testing and identified bacterial species of 

importance for carps, tilapia, catfish and shrimp. A list of antimicrobials of significance for treatment of 

Gram-positive and Gram-negative bacteria was drawn up (see Annex 2.c). It was learned that all four target 

countries (People’s Republic of China, Malaysia, Philippines, Viet Nam) have the capability to perform 

disc diffusion test and conduct MIC. Most countries do manual reading, but the People’s Republic of China 

has capability to do machine reading. All countries do antimicrobial susceptibility testing at 28 °C and are 

not sure how to deal with different temperature or media requirements. 

 

4. Working Group 4: Guidance on antimicrobial susceptibility testing for selected species (carps, 

tilapia, shrimp, channel catfish) 

Working Group 4 discussed and provided guidance on antimicrobial susceptibility testing for selected 

species, namely carps, tilapia, catfish and shrimp, highlighting the capacities and capabilities of the 

participating countries (Annex 2.c). 

 

G. Session 5: Continuing education on AMU/AMR 

 

1. AMR risk analysis guideline of CODEX (including definitions: antimicrobials for therapeutic 

use, prophylactic use and growth promotion) 
Dr Iddya Karunasagar briefed the participants about Codex Guidelines related to AMU and AMR. The 

Codex Alimentarius Commission (CAC) is the Joint FAO/World Health Organization (WHO) international 

standard-setting body recognized in the Sanitary and Phytosanitary Agreement signed by members of the 

World Trade Organization (WTO). Codex has three types of document for use by member countries. These 

include Standards, Guidelines and Codes of Practices. The Codex Code of practice for fish and fishery 
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products (CAC/RCP 52-2003) provides general guidance on good aquaculture practices. The Code 

indicates that only approved veterinary drugs should be used in aquaculture, which should be based on 

disease diagnosis and prescription by authorized professionals. Appropriate withdrawal time should be 

followed and the use should be recorded. The Code of practice to minimize and contain antimicrobial 

resistance (CAC/RCP 61-2005) indicates the responsibilities of producers, regulatory authorities, 

wholesale and retail dealers and of the pharmaceutical industry. The Guidelines on the design and 

implementation of national regulatory food safety programme associated with the use of veterinary drugs 

in food producing animals (CAC/GL 71-2009) deals with regulatory framework, sampling and verification 

programmes, statistical considerations and analytical methods for residue control programme and 

regulatory action. Codex MRLs and risk management recommendations for residues of veterinary drugs in 

foods (CAC/MRL 2-2017) provides information on residue limits that can be accepted. Codex Guidelines 

on risk analysis of antimicrobial resistance (CAC/GL 77-2011) indicates the steps in the risk analysis 

process such as identification of food safety issue, antimicrobial resistance risk profile, hazard 

identification, hazard characterization, exposure assessment, risk characterization and risk management 

options.  

 

2. Complexities involved in source attribution of AMR genes found in aquaculture products 

Dr Iddya Karunasagar highlighted the complexities involved in source attribution of AMR found in aquatic 

bacteria. Most often, research publications do not consider intrinsic resistance in some aquatic bacteria, and 

all resistance found is attributed to use of antimicrobials in aquaculture. Further, it is important to realize 

that antibiotic resistance is a natural trait in many bacteria and not related to exposure to antibiotics. 

Antibiotic resistance has been found in offshore marine bacteria that are not exposed to antibiotics as well 

as in deep-sea bacteria. Hence when antibiotic-resistant bacteria are found in aquaculture systems, it may 

have no relation to the use of antibiotics in aquaculture. Since the aquatic environment receives hospital 

waste water and industrial effluents, as well as waste water from livestock and poultry farms, antibiotic-

resistant bacteria selected in all sectors end up in the aquatic environment. Further, phenotypic resistance 

could be due to different genetic factors that are totally unrelated. Therefore, caution should be exercised 

when interpreting results based on susceptibility testing only.     

 

During Workshop 2, there were presentations on integrated aquaculture, which has been a traditional 

practice in many countries. In the People’s Republic of China, aquaculture was traditionally integrated with 

swine, poultry, duck and geese culture, but this practice has been discouraged in recent years due to fears 

related to food safety and AMR transmission. Studies by Chinese scientists have identified identical AMR 

genes in fish-associated bacteria, as well as in pig- and poultry-associated bacteria. These further support 

the suspicion that integrated aquaculture might be a route for AMR transmission to fish. In Malaysia, 

integrated aquaculture has been practiced traditionally and still continues on a small scale among small 

farmers. However, myGAP, promoted by the Government of Malaysia, does not support this practice and 

also advises against the use of animal manure in aquaculture. In the Philippines, Good Aquaculture Practice 

Guidelines have been developed, and this requires segregation of terrestrial animals from aquaculture sites. 

The same guidelines advocate the need for proper waste disposal and the designation of specific water 

intake that considers the risks of contamination from various sources. In Viet Nam, integrated livestock-

fish farming, poultry-aquaculture and agriculture-aquaculture have been traditional practices and are 

considered valuable aspects in the utilization of resources. However, similar reservations related to food 

safety and the spread of AMR exist because, in integrated agriculture-aquaculture, there are also 

possibilities of contamination with pesticide residues.  

 

3. Integrated fish/livestock farming  

This session consisted of short presentations on the status of integrated fish/livestock farming in the four 

countries. Dr Yishan Lu presented for the People’s Republic of China, focusing on the major species 

exported (i.e. tilapia and shrimp) and AMR analysis on selected farms. Mr Gerald Misol, Jr presented on 

the status of integrated fish-livestock farming in Malaysia, highlighting several case studies and issues 

faced. Dr Simeona Regidor presented on the status of integrated fish-livestock farming in the Philippines 

and described the various components, namely the minimum requirements for GAqP, farm design, 

sanitation of facilities, water management, feeding, harvesting and biodiversity, as well as labour and 
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community relations. Dr Dang Thi Lua presented on the status of integrated farming in Viet Nam, focusing 

on fish-livestock farming, fish-rice farming, shrimp/prawn-rice farming, shrimp-mangrove farming and 

shrimp-tilapia farming. 

 

Integrated aquaculture-agriculture (IAA) farming systems have been practiced in many developing 

countries, especially by traditional and small-scale farmers in Asia. Particularly in Viet Nam, VAC (Vuon 

(garden) – Ao (pond/aquaculture) – Chuong (livestock/animal pens)) farming was developed in order to 

help people avoid starvation and to reduce poverty. VAC has been considered to be ecologically desirable, 

since it utilizes food resources and wastes within the farm. Several VAC farming systems have been 

modified throughout the country, such as integrated fish-livestock farming, integrated rice cum fish 

farming, integrated rice cum shrimp/prawn farming, integrated mangrove-shrimp farming and integrated 

shrimp-tilapia farming. A similar system is observed in  the People’s Republic of China, especially for 

tilapia, one of the country’s major exports. However, some studies have indicated the possibility of AMR 

transmission in such integrated fish/livestock systems. While integrated fish/livestock farming is also 

common in Malaysia, reports on integrated aquaculture farming systems in the country focus mainly on 

case studies and legal policy on aquaculture as stated in Malaysia’s MyGAP, which  prohibits the use of 

animal manure as fertilizer . In the Philippines, although there have been several models of IAA in the past, 

it was not established as a common practice, due to the risks associated with residue build-up as a food 

safety issue and a major public health concern. The Philippines’ GAqP policy provides guidelines on the 

minimum requirements for good aquaculture practice certification which can possibly address the 

drawbacks associated with IAA farming systems, including farm design, sanitation of facilities, water 

management, feeding, harvesting and biodiversity, as well as labour and community relations. 

 

H. Session 6: Finalizing plans for last workshop, intersessional country level activities and activities 

and project documentation outputs and way forward 

The objective of Session 6 was to plan the intersessional activities to be accomplished between the Putrajaya 

Workshop 2 and the final workshop, identify the requirements for the completion of project documentation 

outputs, and develop the programme for the final workshop. 

 

I. Conclusions and the way forward  

The outputs of Workshop 2 were: (a) the pathway to the aquaculture component of NAPs on AMR was clarified 

and the process of development strengthened; (b) AMU and AMR surveys in the target countries were 

presented and supported with information from partner countries and global practices; (c) best practices in 

responsible use of antimicrobials in different parts of the world were better understood; (d) the scientific 

aspects of AMR, presence in zoonotic pathogens, and complications in source attribution were better 

understood; and (e) alternatives to antibiotics in selected aquaculture species were better understood. An 

important output of the workshop was the products of the working group discussions, which offer specific 

guidance and suggestions for increasing the prudent use of antimicrobials and best practices guidelines for 

aquaculture (see Annex 2.d). 

 

Dr Melba Bondad-Reantaso concluded the workshop by discussing the way forward and evaluating progress 

made towards achieving the objectives set out for the workshop. She provided a summary of the status of each 

participating country’s progress and actions and on-going work. She summed up her presentation by 

highlighting general recommendations, recommendations for AMU/AMR survey, best practices and 

continuing education on AMU/AMR and presented on the activities planned for the remainder of year 2017. 

 

With respect to the NAPs, different countries are at different levels of plan preparation. FAO will develop a 

template for reporting on the aquaculture component of the NAP on AMR so that all details related to the four 

pillars in the FAO Action Plan are reflected. There is a need to strengthen AMU/AMR surveys by improving 

the questionnaire to meet local requirements and to conduct more awareness-raising activities using 

information, education, and communication (IEC) materials.  
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Dr Bondad-Reantaso noted that workshop was successful in: 

 providing update on the progress of the AMU and AMR surveys and the status of NAPs on AMR 

by target countries; 

 providing participants with further knowledge on best practices in aquatic animal disease 

diagnostics, AMU and other good aquaculture biosecurity practices at different levels and on 

continuing education on AMU/AMR; 

 identifying the most critical points (hazards and biosecurity issues) at different stages of the 

production cycle of carps, tilapia and shrimp and risk mitigation measures; and 

 developing guidance on antimicrobial susceptibility testing for selected species (i.e. carps, tilapia, 

shrimp). 

 

In conclusion, the workshop was able to achieve the set objectives of contributing to the aquaculture 

component of NAPs on AMR in selected countries, improving AMR and AMU surveillance methodology in 

the countries, improving understanding of alternatives to antibiotics in selected aquaculture species, and 

improving understanding of the best practices in responsible use of antimicrobials in selected aquaculture 

species. NAPs are to be reported in the format to be prepared by FAO, and AMU and AMR surveys are to be 

completed on schedule. Best practice information is to be integrated in training modules and IEC materials for 

awareness raising. 
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ANNEX 2a : Programme 

Date and time Activity 

DAY 1 – Monday 7 August  

08.30–9.00 Registration 

09.00–09.20 Opening remarks  

 Department of Fisheries Malaysia (Ms Tan Geik Hong, Deputy Director-General 

(Management)) 

 FAO (Dr Melba G. Bondad-Reantaso) 

09.20–09.40 Progress report. FAO Aquatic AMR Project (FMM/RAS/298): Strengthening capacities, 

policies, and national action plans on prudent and responsible use of antimicrobials in 

fisheries and objectives of Workshop 2 

09.40–10.00 Self-introduction of the participants and group photo 

10.00–10.30 Coffee break 

Session 1: Country progress report: National planning and consultations on the development of the 

aquaculture component of country National Action Plans (NAPs) on AMR. The objective of Session 1 is 

to be informed of the progress of the national planning and consultations on the development of the 

aquaculture component of country National Action Plans (NAPs) on AMR  

10.30–10.45 Country progress report on the national planning and the 

consultations on the development of the aquaculture 

component of country NAPs on AMR in China 

Drs Aihua Li and Yishan 

Lu 

10.45–11.00 Country progress report on the national planning and the 

consultations on the development of the aquaculture 

component of country NAPs on AMR in Malaysia 

Mr Gerald N. Misol Jr. and 

Dr Wan Norhana Bt Md 

Noordin 

11.00–11.15 Country progress report on the national planning and the 

consultations on the development of the aquaculture 

component of country NAPs on AMR in the Philippines 

Drs Simeona Regidor and 

Sonia Somga  

11.15–11.30 Country progress report on the national planning and the 

consultations on the development of the aquaculture 

component of country NAPs on AMR in Viet Nam 

Dr Dang Thi Lua and Dr 

Nguyen Thi Lan Huong 

11.30–12.00 Discussions  

12.00–13.30 Lunch break  

Session 2: Country progress report: Survey on the use of antimicrobials (AMU) and antimicrobial 

resistance (AMR) in aquaculture. The objective of Session 2 is to be informed of the progress of the field 

survey on AMU and AMR implemented at country level. 

13.30–13.50 Progress report on the results of the AMU survey in China  Drs Aihua Li and Yishan 

Lu 

13.50–14.10 Progress report on the results of the AMU survey in 

Malaysia 

Mr Gerald N. Misol Jr. and 

Dr Wan Norhana Bt Md 

Noordin 

14.10–14.30 Progress report on the results of the AMU survey in 

Philippines 

Drs Simeona Regidor and 

Sonia Somga  

14.30–14.50 Progress report on the results of the AMU/AMR survey in 

Viet Nam 

Drs Dang Thi Lua and 

Nguyen Thi Lan Huong 

14.50–15.30 Discussions  

15.30–16.00 Coffee break  

Session 3: Best practices on diagnostics and AMU. The objective of Session 3 is to be informed of available 

best practices on diagnostics and  the use of antimicrobials (AMU) in aquaculture at different levels (national, 

regional, international)  

16.00–16.20 FAO Code of Conduct for Responsible Fisheries Technical 

Guidelines on Prudent and Responsible Use of Veterinary 

Medicines in Aquatic Food Production 

Dr Melba Bondad-Reantaso 
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16.20–16.40 ASEAN Standard Operating Procedures for Responsible 

Movement of Live Aquatic Animals 

Dr Eduardo Leano 

16.40–17.00 Examples of shrimp disease recognition for farm technicians 

through Level 1 diagnostics  

Dr Celia Lavilla-Pitogo 

17.00–17.20 Responsible management of bacterial diseases in 

aquaculture (book highlights) 

Dr Iddya Karunasagar 

17.20–17.30 Wrap-up of Day 1 Dr Melba Bondad-Reantaso 

DAY 2 – Tuesday 8 August 

Session 3. Best practices on diagnostics and AMU (continued) 

08.30–08.40 Tasks for Day 2   

08.40–09.00 Available information on biosecurity and prudent use-related 

BMPs in aquaculture  

Mr Omar Elhassan 

09.00–09.20 Current status on fish vaccines Dr Rohana Subasinghe 

09.20–09.40 Best practice guidance review (from Mangalore Workshop 

Working Group 4) 

Dr Larry Hanson 

09.40–10.00 Review of alternatives to antimicrobials pertaining to 

diseases affecting carps 

Drs Aihua Li, Iddya 

Karunasagar and Rohana 

Subasinghe 

10.00–10.30 Coffee break  

10.30–10.50 Review of alternatives to antimicrobials pertaining to 

diseases affecting tilapias 

Dr Rohana Subasinghe 

10.50–11.10 Review of alternatives to antimicrobials pertaining to 

diseases affecting shrimps 

Dr Celia Lavilla-Pitogo 

11.10–11.30 Design of antimicrobial susceptibility testing programmes 

relevant to aquaculture and aquacultural products  

Dr Peter Smith 

11.30–11.50 AMR in zoonotic pathogens associated with aquatic 

environment  

Dr Iddya Karunasagar 

11.50–12.10 Diagnostics and antimicrobials administration  Dr Snježana Zrnčić 

12.10–12.30 Discussions  

12.30–13.30 Lunch  

Session 4: Working Group (WG) discussions and presentations: Training modules on good aquaculture 

and biosecurity practices (for selected species) and prudent use of antimicrobials for stakeholders.  The 

objective of Session 4 is to examine all available information and prepare a more explicit guidance on best 

practices on the use of antimicrobials in selected aquaculture species using a HACCP approach where critical 

points or risk stages in the aquaculture production cycle are identified and appropriate risk management or 

biosecurity measures (at various levels) can be applied. The session will also develop a training course module 

on prudent and responsible use of antimicrobials for different stakeholders. 

13.30–13.45  Working Group Discussion guidelines Dr Melba B. Reantaso 

13.45–17.30 

 

WG 1: Guidance 

on best practices 

on the use of 

antimicrobials in 

selected 

aquaculture 

species (carps and 

tilapias) 

WG 2: Guidance 

on best practices 

on the use of 

antimicrobials in 

selected 

aquaculture 

species (shrimp) 

WG 3: Training 

course module on 

prudent and 

responsible use of 

antimicrobials for 

different 

stakeholders 

WG 4: Guidance on 

antimicrobial 

susceptibility testing for 

selected species (carps, 

tilapia, shrimp, channel 

catfish) 

17.30–17.45 Wrap-up Day 2  Dr Melba Bondad-

Reantaso 

DAY 3 – Wednesday 9 August 

Session 4: Working Group discussions and presentations (continued) 

08.30–10.30 Working group discussions continued  

10.00–10.30 Coffee break  

10.30–12.30 Working group presentations and discussions  

12.30–13.30 Lunch  



66 
 

 

Session 5: Continuing education on AMU/AMR  

13.30–13.45 AMR risk analysis guideline of CODEX (including 

definitions: AM for: therapeutic use, prophylactic use and 

growth promotion 

Dr Iddya Karunasagar 

13.45–14.00 Complexities involved in source attribution of AMR genes 

found in aquaculture products 

Dr Iddya Karunasagar 

14.00–15.20 Discussions on AMR and food safety risks in integrated 

fish/livestock farming 

 

14.00–14.15  Integrated fish/livestock farming in China Drs Aihua Li and Yishan 

Lu 

14.15–14.30  Integrated fish/livestock farming in Malaysia Mr Gerald N. Misol Jr. 

and Dr Wan Norhana Bt 

Md Noordin 

14.30–14.45  Integrated fish/livestock farming in the Philippines Drs Simeona Regidor and 

Sonia Somga  

14.45–15.00  Integrated fish/livestock farming in Viet Nam Drs Dang Thi Lua and 

Nguyen Thi Lan Huong 

15.00–15.20  Discussion  

15.20–15.40 Coffee break  

Session 6: Finalize plans for the last workshop, inter-sessional country-level activities and project 

documentation outputs and way forward. The objective of Session 6 is to draw the inter-sessional activities 

between Putrajaya Workshop and final workshop in November (tentative venue: China), completion of project 

documentation outputs, and the programme for the final workshop. 

15.40–16.50 Plenary discussions  

16.50–17.30 The Way Forward and Conclusion presentation and closing Dr Melba Bondad-

Reantaso 
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TARGET COUNTRY DELEGATES 

PEOPLE’S REPUBLIC OF CHINA 

Li AIHUA 

Professor 

State Key Laboratory of Freshwater Ecology and 

Biotechnology Institute of Hydrobiology Chinese 

Academy of Sciences  
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Hubei 

People’s Republic of China  
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Associate Professor 

Pearl River Fisheries Research Institute 

Chinese Academy of Fishery Sciences 

No.1 Xingyu Road, Liwan District 
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People’s Republic of China  

Lan JIANG 
Professor 

Pearl River Fisheries Resach Institute  

Chinese Academy of   Fishery Sciences 

No. 1 Xingyu Road, Liwan District Guangzhou 

City, 510380, Guangdong 

People’s Republic of China  

Yishan LU 

Professor 

College of Fishery 

Guangdong Ocean University  

Zhangjiang 524025 

Guangdong Province  

People’s Republic of China  

Xiaojun RONG 
Associate Professor 

Yellow Sea Fisheries Research Institute 

106 Nanjing Road, Qingdao, Shandong 

People’s Republic of China  

 

MALAYSIA 

Norashikin Bt DALIYANA 

Fisheries Officer 

Fisheries Biosecurity Division Putrajaya 

Department of Fisheries Malaysia 

Level 3, Podium 2, Block 4G2 

Wisma Tani, Precinct 4, 62628 

Putrajaya, Kuala Lumpur 

Malaysia 

 

Sri Devi DEVADAS 

Research Officer  

Fisheries Biosecurity Laboratory Selangor  

Jalan Pekeliling 4  

Sepang, Selangor 

Malaysia 

Rozanna Bt JOHARI 

Senior Research Officer 

Fisheries Biosecurity Laboratory  

Kuala Lumpur 

Jalan Carruthers 

Kuala Lumpur 

Malaysia  

 

Ong See LING 

Senior Fisheries Officer 

Fisheries Biosecurity Division 

Department of Fisheries Malaysia 

Level 3, Podium 2, Block 4G2 

Wisma Tani, Precinct 4, 62628 

Putrajaya 

Malaysia   

 

Gerald N. MISOL Jr. 

Fisheries Officer 

Fisheries Biosecurity Division 

Department of Fisheries Malaysia 

Level 3, Podium 2, Block 4G2 

Wisma Tani, Precinct 4, 62628 

Putrajaya 
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ANNEX 2c: Working group discussions 

 

Working Group 1: Guidance on best practices on the use of antimicrobials in selected 

aquaculture species (Carp and Tilapia) 

 

The following are the identified  critical points of antibiotic use in carp and tilapia culture: 

 

Stage Carp Tilapia 

Broodstock  Transport water 

 Induced and strip spawning 

 Post handling-injection 

 Spawning and collecting eggs 

or fry in artificial incubators 

 Post spawning, through feed, as needed  

Eggs and fry  Incubation  

 Culling of bad eggs 

 Observe fry for 4–5 days during 

absorption of yolk 

 Only during artificial incubation – 

treatment of collected eggs 

 During sex reversal of fry if health is 

compromised 

Nursery  If injury due to cannibalism occurs 

while being raised to 5 cm size in 

tanks  

 Transport to grow out 

 While being raised in tanks or hapa nets 

 Transport to grow out 

Grow out  Infrequent occurrence of 

bacterial diseases  

 To control Aeromonas – apply 

medicated feed (e.g. florfenicol) 

 Integrated aquaculture – possible 

terrestrial animal source 

 Ponds or cages 

 Streptococcus – medicated feed or 

vaccination 

 Aeromonas hydrophila-medicated feed 

(e.g. erythromycin) 

 Integrated aquaculture  – possible   

terrestrial animal source 

 

Output of discussion on treatments and alternatives: 

 Application of  oxytetracycline and nitrofuran baths is common, but the effectiveness is not 

known; sources of these antimicrobials are usually suppliers of veterinary medicines for livestock. 

 Application of medicated feeds using oxytetracycline, florfenicol, erythromycin, etc. 

o Some cases may be illegal usage; need to escalate education on AMU and AMR to 

farmers  

o Dosage may vary and subdosing is likely; need educational materials 

 Possible contamination from outside sources 

o Entry through integrated production systems 

o Incoming water may be contaminated from hospital waste 

 Feeds may contain antibiotics 

o Lack of awareness among farmers about withdrawal periods; data on how long they should 

be are generally wanting 

 

Possible improvements for biosecurity and avoidance of diseases: 

 Health inspection of broodstock; if sourced from the wild, quarantine should be practiced 

 Disinfection of eggs 

 Disinfection of incoming water 

 Disinfection of vehicles, harvesting equipment 

 Batch harvest  

 Keeping cages apart and grouping them by life stage of production 
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 Reduction of predators 

 

Educational materials for dissemination: 

 List of antimicrobials and banned chemicals (need trade names and ingredient labelling); this is 

important in integrated systems 

 Withdrawal periods 

 Treatment dose, period of application to curb AMR 

 Alternatives to antibiotic baths, especially during transport 

 

Working Group 2: Guidance on best practices on the use of antimicrobials in selected 

aquaculture species (shrimp) 

The following contains the identified  critical points of antibiotic use in shrimp culture with 

corresponding action points for information, education and communication materials: 

Production 

cycle stage 

Type Specific hazard Actions 

 

Broodstock 

 Imported specific- 

pathogen-free (SPF) 

 Assurance from 

source 

 

 Locally grown or 

wild sourced 

 Disease risk  Let the farmer know the 

difference between SPF and 

non-SPF 

 

Hatchery 

  Use of 

antimicrobials 

during the       

production 

cycle 

 Wastewater 

disposal 

 Emphasize responsible use of 

antimicrobials among hatchery 

operators 

 Information material about 

proper disposal of treated 

wastewater  

 

Nursery/ 

Grow-out 

  Timely disease 

recognition 

 Shrimp health management 

during culture 

 Wastewater 

 disposal 

 Informational material about 

proper   disposal of wastewater 

and dead or sick shrimp 
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Working Group 3: Training course module on prudent and responsible use of antimicrobials 

for different stakeholders 

A list of antimicrobials of interest is drawn up in the table below. They will be the basis for assessing 

the capability of countries to perform disc diffusion test and conduct minimum inhibitory concentration 

(MIC) to determine AMR. 

List of antibiotics of interest 

Gram Positive (+) Gram Negative (-) 

Florfenicol Florfenicol 

Enrofloxacin Enrofloxacin 

Trimethoprim/sulfamethoxazole, 

Ormetoprim/sulfadimethoxine 

Trimethoprim/sulfamethoxazole, 

Ormetoprim/sulfadimethoxine 

Neomycin Oxytetracycline 

Oxytetracycline Doxycycline 

Doxycycline Amoxicillin 

Amoxicillin/ampicillin Flumequine 

Flumequine Chloramphenicol 

Erythromycin Nitrofurantoin 

Tetracycline Colistin (?) 

Thiamphenicol (permitted in P.R. China)  

Chloramphenicol  

 

Working Group 4: Guidance on antimicrobial susceptibility testing for selected species  

Working Group 4 discussed farmed commodities (carps, tilapia, catfish and shrimp) and the bacterial 

species causing significant disease. Highlights on capacities and capabilities of the four target countries 

are also presented. 

 

Carps – Bacterial species of importance 

 Aeromonas spp. (A. hydrophila, A. veronii, A. sobria, A. caviae, A. schubertii, except A. 

salmonicida) 

 Pseudomonas fluorescens 

 Flavobacterium columnare 

 Yersinia ruckerii 

 Streptococcus agalactiae, S. inae 

 Erdwardsiella tarda 

 

Tilapia – Bacterial species of importance 

 Aeromonas spp. (except A. salmonicida) 

 Pseudomonas fluorescens 

 Flavobacterium columnare 

 Streptococcus agalactiae, S. inae 

 Erdwardsiella tarda 

 Francisella noatunensis 
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 Vibrio spp. 

 Mycobacterium 

 

Pangasius catfish – Bacterial species of importance 

 Edwardsiella ictaluri, E. tarda 

 Aeromonas spp. 

 Flavobacterium columnare 

 

Shrimp - Bacterial species of importance 

 Vibrio spp. 

 Aeromonas spp. (in low salinity culture in Viet Nam) 

 Providencia rettgeri (P.R. China) 

 

Capacity and capability in the four target countries: 

Methods P.R. CHINA PHILIPPINES VIET NAM MALAYSIA 

1. Disc Diffusion √ √ √ √ 

2. Minimum Inhibitory 

Concentration (MIC) 

    

Agar √ √ √ √ 

Broth √ √ √ √ 

Auto    √  

(Vitek, Ministry of 

Health) 

3. Reading     

Machine √    

Manual √ √ √ √ 

Auto (disk)     

 

Antibiotic Sensitivity Testing (AST) – Viet Nam 

 Streptococcus 

agalactiae  

S. inae Aeromonas 

spp.(except 

A. salmonicida) 

Incubation temperature 28 28 28 

Blood OR Salt requirement - - - 

AST Media Mueller Hinton 

Agar (Diffusion 

Disc) 

Mueller Hinton 

Agar (Diffusion 

Disc) 

Mueller Hinton 

Agar (Diffusion 

Disc) 

Main antibiotic tested (used in 

aquaculture)  

Doxycline1 

Oxytertracycline  

Erythromycin  

Ampicillin  

Florfenicol  

Streptomycin  

Cyprofloxacin 

Trimethoprim/sulfamethoxazole 
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Tetracycline 

Reference strain: 

i. E. coli (ATCC 25922) OR 

ii. A. salmonicida (ATCC 33658) 

(iii) - every time you do your testing 

   

1Underlined antibiotics – with quality control readings. 

 

Antibiotic Sensitivity Testing – Malaysia 

 Vibrio parahaemolyticus 

Incubation temperature 28 

Blood OR salt requirement - 

AST Media Mueller Hinton Agar (Diffusion Disc) 

Main antibiotic tested (used in aquaculture) 

Nitrofurantoin 

Amoxicillin/Ampicillin1 

Oxytetracycline  

Chloramphenicol , Florfenicol  

Enrofloxacin  

Trimethoprim/sulfamethoxazole  

Erythromycin  

Ormetoprim/sulfadimethoxine 

 

Reference strain: 

i. E. coli (ATCC 25922) OR 

ii. A. salmonicida (ATCC 33658) 

- every time you do your testing 

 

1Underlined antibiotics – with quality control readings 

 

Antibiotic Sensitivity Testing – People’s Republic of China 

 Streptococcus. 

agalactiae 

S. inae Aeromona

s spp. 

except A. 

salmonicid

a 

Vibrio spp. Edwardsiell

a tarda 

Incubation 

temperature 

28 28 28 28 28 

Blood OR salt  

requirement 

- - -   

AST Media Mueller Hinton 

Agar/\Muller 

Hinton Broth 

Mueller 

Hinton 

Agar/\Muller 

Hinton Broth 

Mueller Hinton 

Agar/\Muller 

Hinton Broth 

Mueller 

Hinton 

Agar/\Muller 

Hinton Broth 

Mueller Hinton 

Agar/\Muller 

Hinton Broth 
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Main antibiotic 
tested 
 (used in 
aquaculture) 
Doxycline1 

Oxytertracycline 
Erythromycin 
Ampicillin 
Florfenicol 
Streptomycin 
Cyprofloxacin 
Trimethoprim/ 
sulfamethoxazole  
Tetracycline 

Neomycin  
Enrofloxacin 

     

Reference strain: 

i. E. coli (ATCC 

25922) OR 

ii. A. salmonicida 

(ATCC 33658) 

- every time you 

do your testing 

     

1Underlined antibiotics – with quality control readings 

 

AST – the Philippines 

 Streptococcus 

agalactiae 

S. inae Vibrio spp. Aeromonas 

spp. 

Incubation temperature 28 28 28 28 

Blood requirement/salt - - - - 

AST Media Mueller 

Hinton Agar 

Mueller 

Hinton Agar 

Mueller Hinton 

Agar 

Mueller Hinton 

Agar 

Main antibiotic tested          

 (used in aquaculture) 
Doxycline1 

Oxytetracycline 
Erythromycin 
Ampicillin 
Florfenicol 
Streptomycin 
Cyprofloxacin 

Trimethoprim/sulfamethoxazole 

Tetracycline 

Chloramphenicol 

Nitrofuran 
Sulfamethazine 

Amoxicillin 
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Reference strain: 

i. E. coli (ATCC 25922) OR 

ii. A. salmonicida (ATCC 

33658) 

- every time you do your 

testing 

    

1Underlined antibiotics- with quality control readings 

 

Antimicrobial Susceptibility Testing methods: 

 Refer to the standard methods 

 Await advice of Dr Peter Smith 

 

Interpreting AST results: 

 Purpose of AST 

o want to know whether the bacteria is resistant or sensitive 

o want to know whether the drugs are going to work or not 

 Results from AST- divide the bacteria 

o fully sensitive (wild type, WT) 

o not fully sensitive (Non-Wild Type, NWT) 

 With zones sizes of 20 to 30 isolates we may get the epidemiological cut-off value? 

 How do you set the epidemiological cut-off value? There is a Website to help do this. 

 Epidemiological cut-off value is specific for one method, one antibiotic and one bacterial 

species. 

 Epidemiological cut-off value could help the laboratory to advise the farmers on the next 

course of action regarding whether to start antibiotic treatment or not. 

 

Way forward: 

 Make decision about temperature of choice (for some bacteria). 

 Make a decision about salt/blood requirement in Mueller Hinton agar/broth MHI  (for 

Streptococcus spp.) 

 Propose a training programme for AST through FAO 
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ANNEX 2d: Photographs 

 

 

Figure 1. Group photo of FAO Project FMM/RAS/298/MUL: Strengthening capacities, policies, and 

national action plans on prudent and responsible use of antimicrobials in fisheries, Workshop 2. First 

row (left to right): Hlaing Hliang Thin Kyi, Lan Jiang, Snezana Zrnčić,  Celia Lavilla-Pitogo, Melba 

Reantaso, Tan Geik Hong, Maznah Othman, Wan Norhana Bt Md Noordin, Peter Smith, Rimatulhana 

Ramly, Elena Irde. Second row (left to right): Thitiporn Laoprasert, Dang Thi Lua, Hang Bui Thit Viet, 

Moe Moe, Iddya Karunasagar, Larry Hanson, Simeona E. Regidor, Sonia Somga, MaryJoy 

Gordoncillo, Carolyn Benigno, Eduardo Leano, Rolando Pakingking Jr, Norashikin Daliyana, Rozana 

Johari, Sri Devi Devadas, Li Aihua, Nguyen Thi Lan Huong, Gerald N. Misol Jr, Rohana Subasinghe, 

Shirlene Maria Anthonysamy. Third row (left to right): Chuong Vo Dinh, Sreenath P.G., Deng Yuting, 

Lu Yishan, Rong Xiaojun, Juliwan Roongkamnertwongsa, Omar Elhassan. 

 

 

Figure 2. Participants during presentations and working group discussions. 
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ANNEX 3 - Highlights of FAO Project FMM/RAS/298/MUL: Workshop 3 Singapore 
 

A. Introduction 

This workshop was the final in a series of three workshops towards the implementation of the Food and 

Agriculture Organization of the United Nations (FAO) Project FMM/RAS/298/MUL: Strengthening 

capacities, policies, and national action plans on prudent use of antimicrobials in fisheries.  

  
1. Objectives 

The objectives of the final workshop were to gain further knowledge on best practices in diagnostics, 

antimicrobial use (AMU) and other good aquaculture biosecurity practices at different levels and to 

continue education on AMU/antimicrobial resistance (AMR). A discussion on capacity- building 

requirements for implementation of the national action plans (NAPs) on AMR was conducted and 

participants built consensus on the way forward. Also discussed were the outcomes and experiences 

of three related projects on AMR:  

 Aquaculture biosecurity component of FAO Project FMM/RAS/298: Strengthening 

capacities, policies and national action plans on prudent and responsible use of antimicrobials 

in fisheries; 

 Food safety component of FAO Project FMM/RAS/298: Strengthening capacities, policies 

and national action plans on prudent and responsible use of antimicrobials in fisheries; and 

 FAO Project OSRO/RAS/502/USA: Addressing antimicrobial usage in Asia’s livestock, 

aquaculture and crop production systems – subproject: Documentation and characterizing 

antimicrobial use in the aquaculture sector being implemented by the Network of Aquaculture 

Centres in Asia-Pacific (NACA).  

 

2. Process 

The final workshop, hosted by the Agri-Food and Veterinary Authority of Singapore (AVA) in 

collaboration with Infofish, was held at the Concorde Hotel, Singapore, from 12–14 December 2017. 

The workshop was facilitated by Dr Melba G. Bondad-Reantaso, Aquaculture Officer of the 

Aquaculture Branch (FIAA) and assisted by Ms. Elena Irde, formerly FIAA Project Technical 

Officer. In addition to the opening and closing, the workshop had seven technical sessions and a 

field trip during its three-day programme (Annex 3.a):  

 Session 1: Governance  

 Session 2: Awareness 

 Session 3: Evidence 

 Session 4: Best practice  

 Session 5: Country presentations  

 Session 6: Discussions on capacity building requirements and the Way Forward 

 Session 7: Conclusions and Closing  

 Field trip  

 

3. Participants 

The final workshop was attended by 46 participants. This included seven delegates from the project’s 

four target countries (one from the People’s Republic of China, and two each from Malaysia, the 

Philippines and Viet Nam), 17 participants from Singapore (including 14 from AVA), nine from 

five countries (Indonesia, Myanmar, the Philippines, Thailand and Viet Nam) from the Network of 

Aquaculture Centres in Asia-Pacific (NACA) under FAO Project OSRO/RAS/502/USA, and one 

participant from Hong Kong SAR. In addition, there were seven FAO Resource Experts coming 

from seven countries (Croatia, India, Ireland, the Philippines, the Netherlands, the United Kingdom 

and the United States of America), one staff from the FAO Regional Office for Asia and the Pacific 
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(Bangkok) and four staff from FAO Headquarters (Rome). The List of Participants is given in Annex 

3.b. 

 

 

B.  Opening of the workshop 

 

The participants were welcomed by Dr Chang Siow Foong, Group Director, Agri Establishment 

Regulatory Group, AVA, Singapore. Dr Melba G. Bondad-Reantaso then opened the final workshop 

by introducing the objectives and expected outcomes. The final workshop will document AMU in 

aquaculture and possibly AMR, including surveillance and other relevant informal surveys. It also aims 

to highlight enhancing capacities on the prudent use of antimicrobials through good biosecurity and 

husbandry best practices, and to promote advocacy through communication and educational activities. 

These actions could lead to policy support towards AMR prevention. Dr Bondad-Reantaso then went 

on to discuss the process by which the objectives will be achieved during the three-day programme. 

The final workshop was expected to provide an important platform to improve the scientific 

understanding of AMR, to share experiences in setting governance mechanisms to support NAPs on 

AMR (within the One Health and Tripartite mechanisms), to continue to enhance knowledge on 

foodfish safety hazards, disease prevention, correct diagnostics, disease management and best practices 

(good biosecurity and good aquaculture) and to identify future actions and capacity development needs. 

The sharing of experiences of three related FAO projects on AMR and consensus building during the 

process were expected to lead to identification of capacity-building requirements for implementation of 

the NAPs on AMR, guided by the FAO Action Plan pillars of governance, awareness, evidence and 

practice.  

 

Each of the participants then gave a short introduction about their work and affiliation, which was 

followed by a group photo session (Annex 3.c). 

 

C. Session 1: Governance 

Session 1 started with a short report on the status of the aquaculture component of FAO Project 

FMM/RAS/298/MUL: Strengthening capacities, policies, and national action plans on prudent and 

responsible use of antimicrobials in fisheries, having implemented two workshops in Mangalore, India 

and Putrajaya, Malaysia. This was followed by an update on the food safety component of the same 

project. Governance and the enhancement of its role in the implementation of an integrated One Health 

approach to AMR was discussed through presentations on the efforts and progress of international 

organizations. Examples on NAPs, their status, achievements and plans were also presented. Summaries 

of the presentations are given below. 

 

1. Progress report on Aquaculture Component of FAO Project FMM/RAS/298/MUL 

Strengthening capacities, policies and national action plans on prudent and responsible use 

of antimicrobials in fisheries  

Ms Elena Irde presented the progress report of the Aquaculture Component of the FAO Project 

FMM/RAS/298/MUL: Strengthening capacities, policies, and national action plans on prudent and 

responsible use of antimicrobials in fisheries, covering  the four target countries: the People’s 

Republic of China, Malaysia, the Philippines and Viet Nam. She presented the objectives and 

timeline of the year-long project with a brief rundown of the four focus areas: 1) awareness: improve 

awareness on AMR and related threats; 2) evidence: develop capacity for surveillance and 

monitoring of AMR and AMU in food and agriculture; 3) governance: strengthen governance related 

to AMU and AMR; and 4) best practices: promote good practices and the prudent use of 

antimicrobials in food and agriculture.  
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2. Progress report on Food Safety Component of FAO Project FMM/RAS/298/MUL 

Strengthening capacities, policies and national action plans on prudent and responsible use 

of antimicrobials in fisheries 

Ms Esther Garrido-Gamarro gave a progress report on the Food Safety Component of FAO Project 

FMM/RAS/298/MUL, which was participated in by Bangladesh, the Philippines, Thailand and Viet 

Nam. Project activities in 2017 included a Workshop on Fish Waste Management, a Workshop on 

Antimicrobial Residues Monitoring for Aquaculture Products in the Context of Antimicrobial 

Resistance Risk Analysis, a fish waste management/feasibility study, a hands-on training on 

antimicrobial residues analysis and a hands-on training on antimicrobial susceptibility testing in 

fisheries and aquaculture products. The Workshop on Antimicrobial Residues Monitoring for 

Aquaculture Products in the Context of Antimicrobial Resistance Risk Analysis covered important 

topics like the current antimicrobials used in aquaculture, regulatory frameworks in view of 

international requirements and established maximum residue limits (MRLs), inspection related to 

use of veterinary antimicrobials and control of residues, establishment of a residue monitoring 

programme, methods of analysis for the determination of veterinary drug residues, antimicrobial 

susceptibility testing, and accreditation of residue monitoring laboratories. The programme also 

looked into national feasibility studies for fish silage production, a technique that would promote 

proper disposal of fish mortalities in production units. The Hands-on Training on Antimicrobial 

Residues Analysis was held at the National Institute for Veterinary Research in Hanoi, Viet Nam, 

with participants from Bangladesh, Cambodia, Laos, Thailand and Viet Nam, while the Training on 

Antimicrobial Susceptibility Testing in Fisheries and Aquaculture Products was conducted at 

Chulalongkorn University, Bangkok, Thailand. The latter was attended by participants from 

Bangladesh, Cambodia, Laos, the Philippines, Thailand and Viet Nam.  

 

3. AMR, Aquaculture and One Health  

Dr Melba Bondad-Reantaso’s presentation on AMR, Aquaculture and One Health started with the 

definition of AMR, antimicrobials and how microorganisms develop resistance. Misuse and overuse 

of antimicrobials are major factors that accelerate the emergence and spread of resistance. The use 

of antimicrobials benefits aquaculture in many ways, through the treatment of epizootic diseases 

causing mass mortalities, improvement of on-farm biosecurity and husbandry, ensuring viability of 

new species and rearing technologies until alternative control methods can be incorporated into 

production programmes, and to treat emerging and re-emerging infectious diseases. For these results, 

the emergence of AMR should be avoided. However, examples of AMR in bacteria associated with 

aquaculture are increasing, and they could impact disease management. Furthermore, the resistance 

determinants could be transferred to human pathogens from aquatic systems, although it is difficult 

to find a direct link between the resistance profile and AMU. It should, therefore, be noted that mere 

detection of AMR in aquaculture systems does not imply misuse of antimicrobials in aquaculture. 

AMR is a complex problem that requires coordinated action. Because the implication of AMR to 

human health is of global concern, the World Health Organization (WHO) is providing technical 

assistance for countries to develop their NAPs and strengthen their surveillance systems to prevent 

and manage AMR. A Global Action Plan on Antimicrobial Resistance was adopted by Member 

States at the 68th World Health Assembly and supported by the governing bodies of the World 

Organization for Animal Health (OIE) and FAO in May and June 2015, respectively. The goal of 

the Global Action Plan is to ensure, for as long as possible, continuity of successful treatment and 

prevention of infectious diseases with effective and safe medicines that are quality assured, used in 

a responsible way, and accessible to all who need them. The United Nations General Assembly 

called upon the Tripartite (and other intergovernmental organizations), to support the development 

and implementation of NAPs and AMR activities at the national, regional and global levels. The 

Association of Southeast Asian Nations (ASEAN) responded with a Leaders’ Declaration on AMR 

in May 2017. Dr Bondad-Reantaso also explained the very complex interface involving different 

production systems and sectors in both terrestrial and aquatic environments. Within FAO, the 

concept of One Health is led by a Working Group chaired by the FAO Chief Veterinary Officer with 

a team of multidisciplinary experts on animal health, livestock and production; food and feed safety; 

plant health and production; fisheries and aquaculture; and legislative contexts. The FAO Action 
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Plan on AMR will support the Global Action Plan through implementation at the regional and 

national levels. Dr Reantaso highlighted the issues pertaining to the use of antimicrobials such as 

threats posed by their abuse, overuse or misuse, human and animal health issues, environmental and 

ecological issues, antimicrobial residues, and AMR. She ended her talk with a message that AMR 

in aquaculture is now a new area of emphasis with high priority in FAO’s Department of Fisheries 

and Aquaculture. 

 

4. Codex Alimentarius as food safety standard, relationship with AMR and country 

responsibilities  

Dr Iddya Karunasagar presented information on the Codex Alimentarius Commission (CAC), a 

JOINT/WHO international standard-setting body with 188 member countries. The World Trade 

Organisation Sanitary and Phytosanitary (SPS) Agreement recognizes Codex standards as 

internationally agreed standards for food safety. CAC has a well-established science-based process 

for standard setting. Scientific advice comes from FAO/WHO through Joint Committees such as 

the Joint FAO/WHO Expert Meeting on Microbiological Risk Assessment, the Joint FAO/WHO 

Expert Committee on Food Additives and the Joint FAO/WHO Meeting on Pesticide Residues. 

CAC sets standards, guidelines and codes of practices. Dr Karunasagar discussed that in the area 

of AMU and AMR, CAC sets the following: (a) Maximum residue limits (MRLs) and risk 

management recommendations (RMRs) for residues of veterinary drugs in foods (CAC/MRL 2-

2017); (b) Code of practice to minimize and contain antimicrobial resistance (CAC/RCP 61-

2005); (c) Guidelines for the design and implementation of regulatory national food safety 

assurance programme associated with the use of veterinary drugs in food producing animals 

(CAC/GL 71-2009); and (d) Guidelines for risk analysis of foodborne antimicrobial resistance 

(CAC/GL 77-2011). Dr Karunasagar further explained that as per the SPS agreement, member 

countries are expected to harmonize their national MRLs with Codex MRLs and also follow the 

risk management recommendations in CAC/MRL 2-2017. The Code of Practice CAC/RCP 61-

2005 provides guidelines on responsible use of veterinary drugs and outlines the responsibility of 

regulatory authorities, pharmaceutical industry, veterinarians, retailers and farmers. The Guideline 

CAC-GL 71-2009 provides a framework for the countries to establish controls at the national level 

and to implement verification programmes, including residue monitoring. The Guideline CAC/GL 

77-2011 provides advice on the application of principles of risk analysis in the context of 

foodborne antimicrobial resistance. Codex MRLs cover very few drugs and very few aquaculture 

species. Dr Karunasagar emphasized that more scientific data are needed to cover MRLs for 

antimicrobials that may be used in tropical aquaculture. 

 

5. EU Action on Plan on AMR and implications for trading partners with two examples of 

NAP: Croatia  

Dr Snježana Zrnčić started her presentation with how the European Union (EU) is addressing 

AMR as a global challenge, being aware that bacteria know no borders. Hence, no single action 

could provide an adequate solution and no Member State can tackle the problem on its own. Based 

on the experience of the Community Strategy against AMR from 2001, a One Health holistic 

approach addressing AMR in humans and animals was initiated in 2011. A new EU One Health 

Action Plan against AMR was issued in 2017 with the goal to preserve the effective treatment of 

infections in humans and animals. Dr Zrnčić informed that the community strategy provides a 

framework for continued, more extensive action to reduce the emergence and spread of AMR, and 

to increase the development and availability of new effective antimicrobials both within and 

outside the EU, built on three pillars: 1) making the EU a best-practice region; 2) boosting 

research, development and innovation; and 3) shaping the global agenda. The plan proposes 

measures to help Member State implementation of antimicrobial stewardship practices, thereby 

ensuring an optimal AMU. It also reviews proposals for a new regulation on veterinary medicinal 

products and medicated feed, currently going through the ordinary legislative procedure. The 



85 
 

 

regulation will contain a set of requirements addressing the threat of AMR, including provisions 

on responsible use of veterinary antimicrobials. The Commission is gathering information on 

policies regarding the fight against AMR and actions taken nationally to monitor AMR incidence 

in bacteria isolated from animals and meat from the main EU trading partners. The Commission 

systematically proposes to include these issues in all new free trade agreements.  

Dr Zrnčić further stated that her home country, Croatia, as a Member State, is putting significant 

efforts into training and awareness-raising in authorities who prescribe the antimicrobials and their 

users, regardless of whether usage is for human or veterinary medicine. The national action plan 

(NAP) contains: 1) surveillance of AMR  in the bacteria in Croatia and reporting to competent EU 

agencies; 2) tracing of antimicrobial consumption; 3) promoting the responsible use of 

antimicrobials (antimicrobial stewardship); 4) controlling the spread of resistant bacterial strains; 5) 

enhancing awareness on the adverse effects of excessive AMU; and (6) providing support to 

scientific research on AMR by the Ministry of Health, Agriculture and Sciences. This includes 

monitoring of AMR in Salmonella, Campylobacter, indicators Escherichia coli and Enterobacter in 

poultry, pigs and calves using a set of antimicrobial substances proposed by the European Food 

Safety Agency. 

 

6. Example of NAP: The Netherlands reduction in antimicrobial usage in animals – do we 

see effects on antimicrobial resistance?  

Dr Olga Haenen presented the Dutch approach to AMU reduction in livestock, noting that in 2007, 

veterinary AMU and AMR rates in livestock in the Netherlands were among the highest in the EU. 

Dr Haenen discussed the driving forces that led to a drastic change in AMU, which were the 

consecutive crises in animal production due to bovine spongiform encephalopathy, Q-fever, 

methicillin-resistant Staphylococcus aureus, and extended spectrum beta-lactamases (ESBL). These 

crises started a strong debate on the effect of increase in farm sizes and consequent public health 

concerns. The plan was implemented in 2010 and included a ban of preventive AMU, strict use of 

third-choice, and mandatory health plans for farms. The cooperation of the competent authorities, 

veterinary associations and farmers resulted in a successful 50 percent reduction in AMU by 2013, 

and a 70 percent reduction by 2016. Together with AMU reduction, the occurrence of AMR in 

commensal bacteria sharply decreased in all livestock sectors. The so-called “Dutch model” has 

demonstrated to be effective because of strict control in antimicrobial quality and quantity, 

implementation of hygienic protocols at the farm level, and clear targets for the livestock sector. 

However, Dr Haenen believes that more needs to be done to promote sustainable livestock farming 

and for AMU/AMR policy development. 

 

7. Example of NAP: Singapore  

Dr Kelvin Lim presented the progress of Singapore’s national strategic action plan on AMR, which 

was jointly developed by One Health agencies in Singapore. The plan is developed in line with the 

five core strategies outlined in the World Health Organization’s (WHO) Global Action Plan. In 

addition to ongoing activities to raise awareness of AMR within the general public, there are plans 

to also step up efforts to further develop and enhance the knowledge of antimicrobial stewardship 

and good agriculture practices among the industry (e.g. veterinarians and farmers). Dr Lim further 

informed the group that good husbandry schemes such as the Singapore Quality Egg Scheme and 

good aquaculture practices (GAqPs) will be actively promoted to improve industry uptake. 

AMR/AMU surveillance programmes will also be expanded to cover all food-producing animal 

sectors, including aquaculture, and surveillance reports across One Health agencies will be 

integrated to better inform risk analysis and decision making. Singapore is in the process of setting 

up a national coordinating body to coordinate AMR research, as well as facilitate research into the 

development of viable antimicrobial alternatives like vaccines. A roadmap is being established to 

review legislation and develop legislative instruments to enhance the regulatory framework for the 

supply and use of antimicrobials to ensure antimicrobials are prudently used. This includes 

veterinary prescriptions, restrictions of use of critically important antimicrobials in food-producing 

animals, and enforcing antimicrobial stewardship programmes. He also explained the commitment 
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of the Association of Southeast Asian Nations (ASEAN) to combat AMR and Singapore’s role to 

lead ASEAN coordination efforts in AMR for the livestock and aquaculture sectors to ensure 

synergy and harmonized approaches between the two sectors. During the 38th and 39th ASEAN 

Ministers for Agriculture and Forestry, which were held in Singapore in 2016 and Thailand in 2017, 

respectively, Member States agreed to strengthen regional cooperation in mitigating the impact of 

AMR in the livestock and aquaculture sectors. 

 

8. Example of NAP: USA  

Dr Larry Hanson reported on the NAP of the United States of America that was developed in 

response to Executive Order 13676: Combating Antibiotic-Resistant Bacteria, which was issued by 

President Barack Obama in 2014. It called for a Task Force to create a five-year action plan that lays 

out the steps and milestones for achieving the NAP’s goals and objectives. The Task Force was  

co-chaired by the Secretaries of Defence, Agriculture, and Health and Human Services. While many 

viral, bacterial and parasitic pathogens are dangerous to human health, the NAP focuses on resistance 

in bacteria that present an urgent or serious threat to public health.  

 

The goals of the NAP include: a) slowing the emergence of resistant bacteria and preventing the 

spread of resistant infections; b) strengthening national One Health surveillance efforts to combat 

resistance; c) advancing the development and use of rapid and innovative diagnostic tests for 

identification and characterization of resistant bacteria; d) accelerating basic and applied research 

and development for new antibiotics, other therapeutics and vaccines; and e) improving international 

collaboration and capacities for AMR prevention, surveillance, control, and antibiotic research and 

development. Each of these five goals have specific objectives and activities, and milestones are 

assessed after one, three and five years by the responsible federal agencies. Specific training 

components are also included, such as online training for veterinarians on judicious use, training for 

animal producers on proper use of antimicrobials and alternative management strategies, and food 

safety for consumers.  

 

A milestone activity was the acceleration and standardization of antibiotic susceptibility testing and 

bacterial characterization for select zoonotic and animal health pathogens by the United States 

Department of Agriculture (USDA) and the Food and Drug Administration (FDA). Under the 

National Residue Program, USDA’s Food Safety and Inspection Service is conducting an intensive 

inspection programme of catfish. The United States of America will work with WHO, FAO, OIE 

and other international partners to accelerate investment in research to develop point-of-care 

diagnostics, vaccines and drugs to combat resistant bacteria, as well as to investigate the 

microbiomes of food animals. For example, United States agencies will work with partners to 

advance collaborations with EU nations to facilitate research on tools to slow the emergence and 

spread of AMR.  

 

Dr Hanson concluded by presenting the future aims of the strategy. Although the current funding 

structure of agencies is in flux, AMR threats are recognized and goals to arrest AMR remain a 

priority. Science demonstrates that One Health is real, as shown by molecular evidence that indicates 

widespread sharing of multidrug resistance (MDR)-plasmids and that antibiotic use of one drug can 

maintain these plasmids in the environment. The FDA and USDA have implemented important 

regulatory changes to national aquaculture. Surveillance data will help us understand the impacts of 

these changes. 
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9. Current status of NAP on AMR (WHO website)  

Dr Melba Bondad-Reantaso reviewed the Website of the World Health Organization (WHO) and 

informed that WHO is providing technical assistance to help countries develop their NAPs and 

strengthen their health and surveillance systems so that they can prevent and manage AMR. It is 

collaborating with partners to strengthen the evidence base and develop new responses to this global 

threat. WHO is working closely with FAO and OIE in a One Health approach to promote best 

practices to avoid the emergence and spread of AMR, including the optimal use of antibiotics in 

both humans and animals. Dr Bondad-Reantaso then chose several countries (People’s Republic of 

China, Indonesia, the Philippines, Thailand, Viet Nam and Norway) featured in the Website and 

presented salient points in their NAPs to combat AMR.  

 

The People’s Republic of China is exploiting advantages of joint prevention and control. The country 

plans to increase investment in research and development of antimicrobials, strengthen the 

management of antibacterial agents supply security, and improve the construction of an antibacterial 

agent application and AMR control system. The People’s Republic of China will also optimize 

antimicrobials consumption and strengthen the AMR surveillance system. The capacity of 

professional personnel in AMR prevention and control will also be improved. There is also a plan 

to strengthen the prevention and management of environmental pollution due to antimicrobials. 

Information generated will be delivered through stronger publicity and education on AMR. 

Extensive international exchanges and cooperation will also be established. 

The NAP of Indonesia includes raising awareness and understanding, conducting surveillance of 

AMR, and improving hygiene and prevention and control of infections. The country will also 

optimize the use of antimicrobial medicines and increase investments in new medicines, diagnostic 

tools and vaccines.  

 

The Philippines will commit to a comprehensive, financed national plan with accountability and 

civil society engagement. Surveillance and laboratory capacity will be strengthened and 

uninterrupted access to essential medicines of assured quality will be promoted. The country will 

regulate and promote the rational use of medicines, including in animal husbandry; will lay out 

actions to ensure proper patient care; enhance infection prevention and control across all settings; 

foster innovations, research and development; and will develop a Risk Communication Plan to 

combat AMR.  

 

Thailand will establish an AMR surveillance system using a One Health approach. This will include 

regulation of antimicrobial distribution; prevention and control of infections and antimicrobial 

stewardship in humans; and AMR prevention, control and antimicrobial stewardship in agriculture 

and animals. Public knowledge on AMR and awareness of appropriate use of antimicrobials will be 

widely disseminated under governance mechanisms to develop and sustain AMR-related actions.  

 

Viet Nam will raise awareness of community and health workers on drug resistance and enhance the 

capacity of the national monitoring system for AMU and AMR. The country will also ensure an 

adequate supply of quality essential drugs that are safe to use to control diseases. Similar actions to 

strengthen safe, appropriate AMU in livestock, poultry, aquaculture and plant cultivation will be in 

place.  

 

Norway’s action plans include strengthening scientific understanding, enhancing the level of 

understanding and competence regarding the use of antibiotics among the general population and 

among prescribers (e.g. doctors, dentists, veterinarians and fishery biologists) and improving 

prescribing practices in all sectors. Diagnostic codes on antibiotic prescriptions for humans will be 

instituted. Overall, there will be improved infection control and prevention. The use of vaccines and 

rapid and accurate diagnosis will be promoted. There will be a programme to treat and eradicate 

infections caused by resistant bacteria. Normative international collaboration will be enhanced. 

Norway will contribute internationally to the development of vaccines, new antibiotics and 
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diagnostic tools. Dr Bondad-Reantaso concluded her presentation by providing a link to the One 

Health Manual for Developing NAPs on AMR. 

 

D. Session 2: Awareness 

Session 2 discussed some important issues on antimicrobial testing methodology and included a 

comprehensive review of the published literature on AMU and AMR. AMU and AMR in globally 

traded ornamental fish was also presented. Summaries of the presentations are given below. 

 

1. Critical analysis of available data on use of antibiotics in aquaculture  

Dr Peter Smith presented a critical analysis of available data on use of antibiotics in aquaculture, 

given that the use of standardized testing protocol and interpretive criteria for antimicrobial 

susceptibility testing have been established by the Clinical & Laboratory Standards Institute (CLSI) 

in guidelines VET03-A and VET04-A2. For isolates in the genus Vibrio isolated from farmed fish, 

it still remains to be established whether NaCl must be added to media to perform these tests.  

Dr Smith stressed that no quality control data exist for susceptibility tests performed with additional 

NaCl; thus the protocols for tests under this condition have not been standardized. Dr Smith analysed 

182  published studies on the susceptibility of aquatic non-cholera vibrios. This established that of 

the studies for V. alginolyticus, 61 percent did not use additional NaCl. The equivalent figures for 

V. anguillarum, V. harveyi, V. parahaemolyticus and V. vulnificus were 33, 59, 72 and 85 percent, 

respectively. This demonstrates that the most important Vibrio species can be tested using the 

standardized CLSI protocol without the inclusion of additional NaCl. This, therefore, should be 

adopted worldwide as the standard protocol. A similar analysis demonstrated that testing for these 

species can be performed using the standard CLSI protocols that specify temperatures of either  

28 °C or 35 °C. His analysis showed that approximately 70 percent of the published studies examined 

cited various CLSI protocols. Many, however, used modifications of the standard protocols, and 

only 39 (19 percent) used the standard protocols. Only 19 (9 percent) of the 207 studies used standard 

CLSI breakpoints to interpret the meaning of their data. This analysis shows that failure to used 

standardized protocols and breakpoints has generated data in 188 of 207 studies that are of very 

limited value in progressing our understanding of AMR nationally or internationally. It was argued 

that the CLSI breakpoints are only provisional, with very little empirical data to support them and 

may have relevance to treatments of humans but can have no relevance to antibiotic use in aquatic 

animals. Dr Smith concluded that there is an urgent need to develop epidemiological cut-off values 

for data generated by the standard CLSI protocols in susceptibility testing of Vibrio species 

encountered in aquaculture.  

 

4. Review of AMR in aquaculture work in China  

Dr Aihua Li reviewed AMR work done in the People’s Republic of China based on recently 

published literature. In his review, Dr Li included aquaculture-related subjects on AMR in various 

cold-water fish farmed in the northern part of the country, the status of AMR in Aeromonas spp. 

Isolated in the southern part, the integron-mediated resistance mechanism of Aeromonas, the AMR 

of Vibrio strains isolated from marine fish, and the annual changes in AMR in aquaculture in a 

specific region of the country. Various species of Aeromonas and Vibrio are the predominant fish 

pathogenic bacteria affecting freshwater and marine aquaculture, respectively, and these genera have 

been the focus of AMR study. The large number of aquatic species being cultured in the People’s 

Republic of China greatly increases the complexity of the AMR problem and the difficulty of 

controlling it. Currently, florfenicol, quinolone, neomycin, 88ulphonamides/trimethoprim and 

tetracycline are the major antimicrobials used in Chinese aquaculture.  

 

The comprehensive study on AMR in fish pathogenic bacteria isolated from coldwater fish cultured 

in the north shows that AMR is not a serious problem in coldwater fish. In studies of aeromonad 

spp., the proportion of drug-resistant bacteria originating from farmed reptiles was greater than the 

proportion originating in fish. Using the integron-gene cassette system, studies revealed that it is one 

of the main mechanisms in the spread of AMR. Integron can express the foreign resistance genes 
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(R-genes) with the help of its strong promoter by capturing, integrating and recombining. A single 

integron can integrate several different R-gene cassettes and becomes a way for bacteria to obtain 

multiple drug resistance (MDR). The study further found that integron-positive isolates have higher 

resistance rates than integron-negative strains, and most were multidrug resistant. Reviewed papers 

on AMR in Vibrio strains isolated from marine fish showed that class I integron-positive strains 

were all multiple drug resistant, suggesting a close relationship between MDR and class I integron. 

A study on occurrence and temporal variation of antimicrobial resistance genes (ARGs) in shrimp 

aquaculture, specifically the dissemination of ARGs from farming source to reared organisms, 

showed that the water source was an important medium in disseminating ARGs to the aquaculture 

environments and reared organisms. It was also found that the total abundances of ARGs in the 

intestinal tract of adult shrimp were 4.48~19.0 times higher than those in juveniles.  

The study on annual change of AMR in aquaculture was done in pond-cultured common carp and 

channel catfish using the liver and kidney as target organs for isolation of bacteria. The dominant 

isolates obtained were Aeromonas spp., Acinetobacter spp., Morganella spp. And Bacillus spp. Dr 

Li concluded his presentation with a message that in order to curb the development of AMR in 

aquaculture, there is a need to develop more strategies for disease control in addition to promoting 

the prudent and responsible use of antibiotics. For example, determining the possible sources of 

ARGs, especially mobilized ARGs, is essential for controlling the occurrence and spread of ARGs 

at fish-farming facilities and for lowering the risk of ARG spread from the farms to surrounding 

environments. 

 

5. Global ornamental fish trade as a risk of AMR development and transfer  

Dr Olga Haenen presented the results of a Dutch Veterinary Authority project at Wageningen 

University that investigated extended-spectrum beta-lactamase (ESBL), carbapenemase  

producing-bacteria, potential zoonotic bacteria in ornamental fish imported from countries outside 

Europe into the Netherlands, and residues of antibiotics and antiparasitic agents in transport water. 

Fifty batches of ornamental fish comprising 36 different species from 13 countries were analysed. 

Dr Haenen discussed that potentially zoonotic Elisabethkingia meningoseptica and Mycobacterium 

haemophilum were isolated from different batches. Investigation for AMR in single bacterial isolates 

of Aeromonas and Vibrio spp. from different fish organs showed high levels of resistance to 

tetracycline, flumequine and sulpha-trimethoprim. Shewanella spp. isolates were carrying the 

carbapenemase gene blaOXA-48, although no significant increase in carbapenemase resistance was 

observed. Most transport water samples contained residues of one or more authorized and non-

authorized antibiotics in concentrations ranging from 0.02 to 10 000 µg/kg. In conclusion, Dr 

Haenen highlighted the importance of regular screening of imported ornamental fish for potential 

zoonotic bacteria and AMR, considering the potential risk to humans. 

 

E. Session 3: Evidence 

Session 3 discussed the mechanisms of AMR and how they may be disseminated, antimicrobial residue 

monitoring in globally traded fishery products, and challenges in application and efficacy of 

antimicrobial products in the production setting. Summaries of the presentations are given in the 

following paragraphs. 

 

1. Mechanisms and pathways of AMR in the environment  

Dr Karunasagar started his presentation by elucidating that AMR may be due to several mechanisms 

such as inactivating the target antibiotic, reducing permeability to the antibiotic, modification of 

intracellular target of the antibiotic, or efflux of the antibiotic from the bacterial cell. Some of these 

may be intrinsic to a bacterial species or group, e.g. Gram-negative bacteria are resistant to 

vancomycin due to inability to cross the outer membrane, and some bacteria like Aeromonas have 

intrinsic beta-lactamases. When micro-organisms, once sensitive to an antibiotic, become resistant 

to that antibiotic, resistance is said to be acquired. Genes encoding resistance to antibiotics may 

spread through mobile genetic elements like transposons, plasmids or bacteriophages.  
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Dr Karunasagar further explained that generally, antibiotic-resistant bacteria are naturally present in 

the environment and the use of antibiotics only provides a selective pressure for the proliferation of 

these bacteria. When resistant bacteria are detected in the environment, it is difficult to link their 

presence directly to the use of antibiotic in that environment. This is particularly true of the aquatic 

environment, since resistant bacteria selected in a  hospital environment, the livestock sector or the 

effluents of the pharmaceutical industry may reach the aquatic environment and eventually, 

aquaculture systems. Further, phenotypic resistance to an antibiotic could be due to different genetic 

mechanisms. For example, tetracycline resistance could be due to production of enzymes that 

inactivate the drug or due to changes in the ribosome target of tetracycline. Efflux pumps are 

generally non-specific and may confer resistance to different antibiotics. Metagenomic studies 

indicate that multidrug efflux pumps are the most common resistance determinants found in 

environmental bacteria. 

 

2. Global overview on fishery products rejections due to residues of antimicrobials 

Ms Esther Garrido Gamarro opened her presentation on AMR in fisheries and aquaculture products 

by discussing factors that accelerate the emergence and spread of AMR. These factors are poor 

infection control, inadequate sanitary conditions and misuse of antimicrobials, among others. 

Human and animal antimicrobial misuse or overuse ranks as the highest contributing factor. Among 

product alerts in fish and crustaceans in the European Union (EU), the presence of chemicals and 

residues ranked highest among categories monitored that included the presence of microorganisms 

and toxins, among others. Therefore, the impetus for residue monitoring in food products has been 

the presence of chemical hazards and has led to chemical and residue alerts in fish and crustacean 

products. The presence of antimicrobials is one of the causes for import refusals and product 

detention in the EU, Japan and Canada. This trend has led to the implementation of regulatory 

frameworks on antimicrobial residues and enforcement of MRLs in food products. 

 

Ms Garrido  Gamarro presented the residue monitoring list of the Canadian Food Inspection Agency 

for products coming from aquaculture. The list includes many groups of antimicrobials (e.g. 

amphenicols, fluoro-quinolones, macrolides and nitrofurans, nitroimidazoles, pyrethroids and 

quinolones, sulfonamides, tetracyclines), insecticides, hormones and dyes. The regulatory use status 

of these chemicals for aquaculture species was also presented. For the monitoring of antimicrobials 

by the EU, Ms Garrido presented the MRLs of more than 30 pharmacologically active substances, 

their marker residues in various animal species and target tissues for testing. For each of the active 

substances, she highlighted the provisions in the regulation pertinent to the seafood products being 

tested. 

 

Towards the last part of her presentation, she emphasized that ingestion of antibiotic-resistant 

microorganisms via food can, if they are pathogenic, result in human illnesses that might not respond 

to available antibiotics or other treatments. Because of this, AMR in microorganisms in fishery and 

aquaculture products need to be monitored. 

 

3. Assessing antibiotic treatment failure in salmon aquaculture  

Dr Sophie St Hilaire began her presentation with examples on metaphylactic application of 

antibiotics in aquaculture systems, the most common and practical way to treat populations of fish 

with bacterial infections. Because of the aquatic environment, this type of treatment involves the 

delivery of medication to all animals sharing the same environment when an infectious agent is 

discovered within the contiguous population, regardless of the disease status of individuals. 

Although the practice can be effective in reducing mortality, the volume of medication required to 

treat animal populations becomes very large and the successful delivery of an effective therapeutic 

dose to all individuals more difficult as aquaculture industries intensify and the size of farms 

increases. Dr St Hilaire discussed how the salmon industry in several areas around the world has 

been reporting reduced antibiotic efficacy for several chronic bacterial diseases. Furthermore, she 

conveyed the example of AMU in Chile, where very wide variation in tissue concentration of 

antibiotics in treated fish is found despite strict controls such as giving antibiotics under the 

supervision of a trained veterinarian, labelling guide prescription and use, and incorporation of 
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antibiotics directly into the feed at feed mills to reduce the inconsistency in drug concentration. With 

florfenicol treatments, a high proportion of fish with tissue levels below the desired minimum 

inhibitory concentration (MIC) are observed. She presented several possible reasons why some fish 

in the population would have insufficient antibiotic levels after treatment, such as fish behaviour and 

feeding strategies. Dr St Hilaire emphasized that understanding and correcting this issue is critical 

if the aquaculture industry is to grow and intensify sustainably. Inadvertently treating fish with 

subtherapeutic levels of antibiotics, especially when they are infected with a pathogen, has been 

linked to the development of AMR. If metaphylactic treatments are resulting in a proportion of 

animals having subtherapeutic levels of drugs in their tissues in the salmon industry, where 

treatments follow strict veterinary guidelines and medicated feed is manufactured at commercial 

facilities, it is likely that this phenomenon is happening in other aquaculture industries that are less 

well regulated. Dr St Hilaire concluded that when antibiotics have to be used, the delivery method 

should ensure that all fish in a population are adequately treated, because this is critical to the 

growing issue of antibiotic resistance.  

 

F. Session 4: Best practices  

 

In the Session 4, approaches to curb bacterial infection in farmed species by timely diagnosis and 

prudent administration of antimicrobials were discussed, and examples of practical and technological 

advances to prevent bacterial diseases in finfish and crustacean aquaculture were described. Summaries 

of the presentations are given in the following paragraphs. 

 

1. Diagnostics and antimicrobial administration  

Dr Snježana Zrnčić presented on diagnostics and treatment of bacterial diseases in aquaculture as 

inevitable factors in responsible management that will reduce AMU and prevent the development of 

AMR. Dr Zrnčić described the adverse impact of bacterial diseases on the profitability of aquaculture 

because of direct (mortalities, diagnostics and treatment costs) and indirect losses (cost of wasted 

feed, removal of dead animals, retarded growth, lower feed conversion ratio, etc.). However, in most 

cases, almost ten days is needed from the start of diagnosis until completion of sensitivity testing, a 

long period where enormous losses could occur. To mitigate this, fast and accurate recognition and 

detection of the bacterial pathogen is a prerequisite. She recognized the necessity of monitoring 

programmes in all stages of production to avoid a long diagnostic process, enable fast initiation of 

diagnostic procedures and responsible AMU. Moreover, production units should employ good 

aquaculture practices (GAqP) and biosecurity measures to reduce bacterial pathogen pressure. 

Where available, immuno-prophylaxic products and vaccination should be administered to protect 

fish against enzootic bacterial diseases. 

 

Dr Zrnčić emphasized that the use of antimicrobials may be considered as: 1) therapeutic for 

treatment of established infection; 2) metaphylaxic for group medication aimed to treat sick animals 

and prevent the disease in others; 3) prophylaxic for preventative AMU to avoid the development of 

infection, and 4) growth promotion when antimicrobials are used as feed supplements to promote 

growth and enhance feed efficiency. Antimicrobials may be administered by bath or dip, topical 

application, injection and more often, through bio-enrichment for fish larvae or shrimp postlarvae, 

and via medicated feed. The efficacy of the treatment via medicated feed depends on a rapid 

diagnosis and commencement of treatment, antimicrobial selection and doses, and the duration of 

treatment. In such practice, the animals have to be starved before medicated feed is administered; 

thus the daily feeding ration should be reduced and the medicated feed should be the first daily meal. 

To contribute to the efficacy of the treatment, the medicated feed should be properly distributed, and 

it is of utmost importance to avoid under-dosing.  

 

2. Practical management of bacterial diseases in finfish aquaculture to minimize AMR  

Dr Larry Hanson discussed how infectious diseases can be major limiting factors on efficient 

aquaculture and the need for effective treatments as critical management tools for reducing losses. 

The development of drug-resistant strains of bacterial pathogens of fish threatens the efficacy of 
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limited approved drugs for aquaculture. He also emphasized that the development of AMR is a 

natural process and that AMU provides a competitive advantage for pathogens with AMR, resulting 

in a build-up of drug-resistant fish pathogens. Reduced and proper AMU when needed are critical 

to make sure that the antibiotics work when they are needed.  

 

It was also discussed that the use of management practices that reduce the AMU is the most 

important strategy for avoiding the build-up of AMR. These practices involve general disease 

prevention and the use of alternative treatments. Disease prevention is a continuous process in all 

stages of planning and production, from site selection, genetics/strain selection, managing the 

environment and handling to minimize stress, managing the feed, the use of effective vaccines, and 

biosecurity. Preventing all types of disease reduces AMU, because many bacterial infections are 

secondary to parasitic or viral infections. Proper use means to use antibiotics only on bacterial 

diseases, when it will be effective and not for disease prevention. Dr Hanson stressed the need for 

an early and accurate diagnosis during the disease outbreak to arrive at an effective treatment using 

a therapeutic dose and duration needed to kill the bacteria. For medicated feed to be effective, the 

fish must be eating well, the antibiotic must be of good quality and incorporated into the feed as 

determined by the weight of the target fish. Most of all, the antibiotic must be provided for the 

prescribed time, even after fish stop dying. 

 

Dr Hanson discussed that management to reduce persistence of AMR pathogens can also be 

important for assuring that an antibiotic will be effective when needed. This includes interrupting 

the infectious cycle by completely harvesting fish and disinfecting the system and the use of crop 

rotations or fallowing.  
 

3. Best practice in carp and tilapia aquaculture  

Dr Rohana Subasinghe started his presentation with a question: “what constitutes better management 

practices (BMPs) to reduce AMR?” He then discussed the five key points of BMP: keep bugs out, 

manage good health, treat with alternatives, maintain good husbandry and treat fully and properly. 

These should be done throughout the phases of production – broodstock/hatchery, nursery, pre-

grow-out and grow-out. Although generally considered hardy fish, cultured tilapia and carp are beset 

with viral, bacterial, fungal and parasitic diseases. This is because of challenges inherent with the 

aquatic environment, uncontrolled transboundary movement of stocks, and lack of appropriate and 

practical disease prevention tools, as well as the limited availability of drugs and antimicrobials. 
 

For cost-efficient production, it is best to adopt good husbandry practices to prevent diseases, such 

as avoidance of overcrowding, provision of optimal nutrition and good feed management, prompt 

removal of dead/moribund animals, maintenance of good water quality and minimizing stress. At 

the farm level, disease risk reduction can be promulgated by a disease surveillance and diagnostic 

programme and maintenance of effective biosecurity. Diagnosis of diseases should start with farm 

personnel through recognition of normal behavioural patterns of fish and relating fish behaviour and 

feeding activity to detect disease problems (Level 1 diagnosis). This should be in tandem with 

implementation of hygienic practices. Where treatment is warranted, antimicrobials should be 

administered with prudence as prescribed by a licensed veterinarian.  

 

Tilapia and carp are susceptible to serious transboundary diseases. Considering their importance in 

the food sustainability and economy of nations, countries should have a National Aquatic Animal 

Health Strategy containing regulations on transboundary movement of live aquatic animals, and 

regulations on farm and facility certification and licencing for better monitoring. Dr Subasinghe 

concluded his presentation with a message that highlighted the importance of these species in feeding 

future generations. They warrant research effort to improve their genetic varieties and find remedies 

for their diseases and ailments that are inexpensive, yet effective. 
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4. Best practice in shrimp aquaculture  

The presentation of Dr Celia Lavilla-Pitogo on best practices in shrimp aquaculture was based on 

the outcomes of Workshop 2, which held in Putrajaya, Malaysia, collated information from experts, 

as well as information reviewed from manuals and scientific publications. A set of best practices is 

based on the premise that all phases of shrimp culture can aim for good biosecurity through the 

implementation of a set of protocols to ensure no disease, no AMU, healthy harvest and good profit. 

Knowledge of the critical points in the production process that can permit biological hazards is 

needed to ensure that the disease cycle is broken from the water source, feeds, broodstock and rearing 

facilities. Dr Lavilla-Pitogo noted that best practices can start from a good understanding of the 

relationship between the host, the pathogen and the rearing environment. This starts with proper site 

selection as a key factor in disease prevention to minimize costly disinfection procedures. Facility 

design should consider efficiency in implementing hygiene, preventing the build-up of biofilms, and 

should facilitate effluent containment to prevent dissemination of pathogens into natural 

waterbodies. The genetics and health status of the broodstock determine the health of the stock at 

the start of culture. Careful selection aided by diagnosis of diseases in incoming stocks at various 

phases of shrimp culture is key to disease prevention. Incoming stocks from populations of unknown 

health status should be avoided or quarantined and should not be mixed with existing stocks in the 

facility until their health status is ascertained.  

 

Dr Lavilla-Pitogo explained that vibriosis in shrimp is a bacterial disease that challenges good 

production and its course was, unfortunately, prevented and controlled by antimicrobials for 

decades. Better understanding of the rearing systems offered opportunities for prevention without 

resorting to prophylaxis or chemotherapy. Scientific studies showed that the female broodstock 

releases faecal material during spawning. The faeces contain gut-associated bacteria, many of which 

are opportunistic vibrios, as well as gut-infecting parasites and viruses. A management practice or 

device that effectively prevents the release of the spawner’s faecal material into the spawning water 

would drastically prevent opportunistic bacterial infection in larvae. It is important to collect and 

wash eggs with care to prevent bacterial build-up on their surfaces. Alternatively, nauplii may be 

collected using their phototactic response, taking very little of their hatching water into the new 

larval rearing tank. In shrimp grow out, careful selection of postlarvae starts with monitoring of their 

associated bacterial flora. This is a critical step for avoidance, because there are rearing protocols 

that promote the proliferation of opportunistic vibrios in the gut and shell of postlarvae. Selection of 

good quality seed is a primary step, because a biosecurity threat somewhere is a biosecurity threat 

everywhere. Small-scale farmers should have access to good quality postlarvae from  

specific-pathogen-free (SPF) broodstock. Dr Lavilla-Pitogo summarized her presentation by 

enumerating the barriers in the development of disease in shrimp culture. These include the use of 

genetic stocks that are SPF, good nutrition, identification and avoidance of risk factors, reduction of 

infectious pressure through hygienic practices, surveillance and monitoring of stocks throughout the 

rearing cycle, and prudent AMU. 
 

5. Future of vaccination in Asian aquaculture  

Mr Lee Yeng Sheng started his presentation by informing the group that several strategies for disease 

prevention can be implemented in farms to prevent diseases due to environmental stresses, high 

stocking density, nutritional challenges and pathogenic organisms. Effective disease controls need 

to be in place, and implementation of biosecurity is a core approach to ensure sustainability. It 

encompasses the implementation of good farm husbandry and management, use of reliable quality 

fish and fingerlings and taking preventive measures such as the use of vaccines to protect against 

potential disease threats. Vaccines are considered the gold standard to prevent diseases among 

human and animal populations. Vaccination has been proven to be effective in reducing or 

eradicating diseases in terrestrial animals through mass immunization programmes, achieving the 

effect of herd immunity. In warmwater fish aquaculture, however, there are existing challenges 

regarding the adoption of fish vaccines, particularly in Asia. Traditional approaches to culture 

management, poor awareness or lack of knowledge of diseases and control measures, and the 

misconception that vaccines are bad for fish and consumers are some of the key challenges. Mr Lee 

referred to the successful uptake of vaccination by the salmonid industry, where more than  
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95 percent of all farmed salmon are vaccinated for protection against seven diseases. The salmon 

industry has matured over the past 30 years through industry and regulatory agency partnership to 

ensure sustainability. The approach effectively reduced AMU in the salmon industry over time.  

Mr Lee is optimistic that the warmwater fish industry will eventually follow in the footsteps of the 

salmonid industry. Because of continued threats of disease on production, consolidation will take 

place and biosecurity will be the core focus in the next five years. This will be followed by stronger 

demand for effective multicomponent fish vaccines, especially for fish with complicated disease 

status. Calls for reduction in AMU and compliance with food safety standards will also generate 

greater interest in fish vaccination programmes. 

 

6. Fish waste management: turning fish waste into healthy feed  

Mr Omar Riego Peñarubia gave an overview of fish processing, which generates 30–70 percent of 

non-edible raw material from the original fish. These by-products can be converted into fish 

hydrolysates, fish collagen, fish sauce, fish oil, fish biodiesel, fish leather and fish silage. At larger 

industrial fish-processing units, the by-products are often processed into fishmeal and fish oil. 

However, at small-scale processing units, investing in a fishmeal plant is not economically viable 

unless several tonnes of raw material are available on daily basis. When this is not the case, 

preservation of the raw material by acid silage could be a simple and inexpensive alternative. The 

fish silage consists of minced fish by-products or minced whole fish not suitable for human 

consumption with a preservative added, usually an organic acid such as formic acid, to stabilize the 

mixture. Fish silage technology can be used to treat dead fish to prevent the spread of disease. A fish 

silage processing method based on heat treatment at ≥ 85 °C for ≥ 25 minutes at pH ≤ 4.0 will 

inactivate fish pathogens, Salmonella spp. and Clostridium perfringens. The method will be able to 

degrade DNA, thus genes potentially encoding AMR will be inactivated. Furthermore, fish silage 

can be used as an antimicrobial product to reduce the AMU and promote healthy immune systems 

of fish. The protein in fish silage is highly hydrolysed into free amino acids and small-chain peptides 

which have antimicrobial properties. In addition, the formic acid contributes to the silage 

antimicrobial properties. Fish waste can be converted into healthy feed through a simple and 

inexpensive fish silage processing. 

 

G. SESSION 5: COUNTRY PRESENTATIONS  

1. People’s Republic of China  

Dr Aihua Li presented a background on aquaculture in the People’s Republic of China where 

production of a wide range of fish, molluscs and crustacean species is beset with infections by many 

bacterial diseases. Most affected are crustaceans, followed by finfish and molluscs, and thus, there 

are antimicrobials that are allowed for use in Chinese aquaculture. Dr Li informed the group that an 

NAP to contain AMR was published in August 2016 and a specific NAP to contain AMR of animal 

origin (2017–2020) was published on 22 June 2017 by the Ministry of Agriculture (MoA) with the 

following objectives: a) to achieve sales of antibacterial agents in the animal sector with veterinary 

prescription in 50 percent of provinces; b) to optimize the surveillance networks for AMU and AMR; 

c) to set up bacterial strain banks and reference laboratories for testing of AMR; d) to establish and 

evaluation system for AMU and AMR; e) to withdraw gradually from the veterinary drug market 

antimicrobials shared by humans and animals and those that produce cross-resistance; and f) to 

develop and implement educational efforts to ensure that medical staff, veterinarians and animal 

producers receive information and training on the rational use of antibacterial agents. Six actions 

will be carried out to achieve the objectives, covering strengthened regulatory, monitoring, 

supervision, demonstration, education and market withdrawal strategies. Specifically, there will be 

intensified surveillance of AMR in bacteria from animals, establishment of a national veterinary 

drug residues and AMR control expert team, reinforced veterinary antibiotic residue monitoring, and 

establishment of demonstration farming enterprises to showcase the action plan to reduce AMU and 

to promote the use of alternatives to antimicrobials with high efficiency and low residue. Training 

of practitioners and public awareness on "scientific use of veterinary antibiotics" are planned to 

cover thousands of aquaculture enterprises and a million farmers within a year in various counties. 
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Withdrawal actions for growth-promoting antibiotics and drug feed additives will be preceded by 

risk assessment that will be completed by 2020. 

 

Actions to create awareness about AMR include technological training for aquaculture farmers and 

technicians, AMU and AMR awareness propaganda for aquaculture professionals and the general 

public via multimedia, publication of the “Guidance for the Clinical Use of Veterinary 

Antimicrobials”, and developing capacity for surveillance and monitoring of AMR and AMU in 

food and agriculture. A National Consultative Expert Commission on Antimicrobial Resistance 

Containment and Veterinary Drug Residues was constituted (May 2017). The expert team is 

responsible for developing an AMR monitoring programme, investigating the status of AMU, 

providing technical protocols and instructions on antimicrobial susceptibility testing, evaluating the 

results and reporting the conclusions to the Competent Authority. CLSI’s breakpoints were used to 

interpret the results for fish bacteria in most studies, and an online analysis system of AMR 

surveillance data for pathogenic bacteria isolated from aquaculture animals has been developed. A 

remote diagnostic system for aquatic animal diseases has also been initiated. An epidemic 

monitoring system network consisting of more than 4 210 monitoring and reporting spots across the 

country has included a monitoring system for drug residues. Many laboratories can perform 

antimicrobial susceptibility testing all over the major aquaculture areas. For governance of AMR, 

important laws related to the governance of food safety AMU/AMR in agriculture are already in 

place to cover activities to enforce the implementation of the NAP. For example, the People’s 

Republic of China issued Special Rectification Action Plan on Antibiotics, Banned Compounds and 

Veterinary Drug Residues Exceeding the Standards in Livestock and Aquatic Products (July 2017). 

The National Implementation Programme on Veterinary Drug Residue Monitoring Plan was also 

started by the MoA, and the new version of MRLs of veterinary drugs in animal products (including 

aquatic animals) is under revision. Other issuances are the "Five-year Action Plan for Veterinary 

Drug (Antimicrobials) Integrated Governance” in 2015, which strengthens the punishment for illegal 

use of drugs in livestock and aquaculture, and advocates and explores antibiotics-free fish farming 

related technologies.  

 

Dr Li discussed that to promote the Best Practice Action Plan for Reduction of AMU in Aquaculture, 

the People’s Republic of China will promote good agricultural practices (GAP), carry out 

surveillance of AMR in fish-pathogenic bacteria, advocate medication technology based on 

appropriate dosage and correct treatment regime, prohibit prophylactic application of antibiotics and 

discourage their use as growth promoters. Innovative farming technologies to reduce AMU and 

AMR in aquaculture will be promoted, including integrated multitrophic aquaculture, rice farming 

integrated with different aquatic animals, application of microporous aeration technology, 

industrialized recirculating aquaculture system, deep-sea cage farming technology, multiple-trait 

selection technology of aquatic animals, and application of fish vaccination. The ChinaGAP of the 

Certification and Accreditation Administration of China was authorized to exercise administrative 

responsibilities of undertaking unified management, supervision and overall coordination of 

certification and accreditation activities of GAP across the country.  

 

Dr Li concluded his presentation with a message that the People’s Republic of China will reinforce 

monitoring of veterinary drug residues and AMR to increase the strength of risk assessment of AMU. 

As a delegate to the FAO series of workshops on AMR, he delivered and emphasized the importance 

and necessity of including information on prudent and responsible AMU in training courses and the 

need to provide some suggestions or advice for the implementation or modification of the 

aquaculture component of the current NAP for AMU/AMR. 

 

2. Malaysia  

Dr Wan Norhana and Mr Gerald Misol presented timelines and achievements of the four pillars on 

AMR being implemented by Malaysia. To establish the governance mechanisms, coordination 

meetings with other participating agencies were held to finalize the NAP. This activity is under the 

umbrella of activities led by the Ministry of Health, under which activities for AMR in aquaculture 

is an important component. The Malaysia NAP on AMR was launched in 2018. Awareness-building 
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activities were held for Competent Authorities and echo seminars of the AMR workshops in 

Mangalore, India and Putrajaya, Malaysia were given for personnel under the agriculture and 

fisheries sectors as well as to students of aquaculture. Posters were prepared for farmers, feed 

distributors and aquaculture suppliers. 

 

Activities to support the Evidence pillar included preparation of questionnaires and the selection of 

respondents for a survey on AMU. The AMU survey respondents were shrimp farmers, aquatic 

animal health professionals, feed and antimicrobial manufacturers, dealers and retailers. The 

strategy for AMR is to develop a National Integrated AMR Surveillance Manual. As has been 

agreed, Malaysia would conduct surveillance of AMR starting with antimicrobial susceptibility 

testing of Vibro parahaemolyticus associated with shrimp and Escherichia coli to be performed by 

six laboratories within the Department of Fisheries. The isolates were to be tested against  

20 antimicrobials by disc diffusion method following the standard methods of CLSI. Initial results 

showed that more than 50 percent of the isolates exhibited resistance to ampicillin and colistin. To 

promote the Best Practice pillar, the Department of Fisheries will continue to implement Malaysia 

GAP (myGAP) by certifying as many as 175 farms. MyGAP licensing of farms by way of the Inland 

Fisheries Rules 2016 will be conducted. Best practices will be promoted by collaboration with the 

academe and the private sector, and through inter-agency networking. 

 

Dr Wan Norhana and Mr Misol concluded their presentation by stating that the aquaculture 

component is already embedded within the NAP that also covers the agriculture and food sectors. 

However, more work is needed to continue data gathering on AMU in aquaculture, as well as in 

capacity building and resource mobilization to continue AMR surveillance. 

 

3. Philippines  

Drs Sonia Somga and Simeona Regidor discussed the Philippines’ NAP (Phil-NAP) on AMR for 

Aquaculture following the four pillars on governance, awareness, evidence and best practices. 

Governance is based on Republic Acts supporting the implementation of AMR – Republic Act 

10611,  The Food Safety Act of 2013, and the Republic Act 10654, an act to deter and eliminate 

illegal unreported and unregulated fishing amending Republic Act 8550. A Technical Working 

Group at the Bureau of Fisheries and Aquatic Resources (BFAR) works with the Bureau of Animal 

Industry and the Food and Drug Administration of the Department of Health (DOH) to develop a 

system to control the use of veterinary drugs in aquaculture. The DOH, as the lead agency in the 

implementation of the strategies on “The Philippines National Action Plan to Combat Antimicrobial 

Resistance: One Health Approach”, is conducting quarterly meetings to discuss salient issues and 

concerns on AMR. To create awareness, the aquaculture component of the Phil-NAP focuses on the 

survey on the use of drugs in aquaculture and advocacy on the strong policy governing AMU. 

Information and education campaigns are conducted in conjunction with food safety road shows and 

the training of government officers on disease diagnosis. To gather evidence on the development of 

AMR, capacity building of the laboratory personnel and facilities to carry out studies on AMR is 

being planned. The budget for this activity was forwarded for inclusion in the 2019 General 

Appropriations Act. These activities will be housed in a newly constructed laboratory of the BFAR. 

 

Drs Somga and Regidor also presented the results of a nationwide survey on AMU that included 

shrimp and tilapia farmers, as well as of suppliers of antimicrobials among aquaculture product 

traders. Preliminary results of the survey showed that 49 percent of the respondents were not using 

antimicrobials in their farms, while 25 percent used antimicrobial disinfectants. Probiotic products 

were used by 26 percent of the respondents.  They also informed the participants that the standard 

for best practice is incorporated in the Philippine National Standard (PNS) on GAqP in finfish 

(tilapia and milkfish) and in the PNS on GAqP for shellfish and bivalve mollusks. 

 

4. Viet Nam 

31. Dr Dang Thi Lua presented the outcomes of Viet Nam’s country-level work pertaining to 

the four pillars of the FAO Action Plan on AMR: governance, awareness, evidence and best 
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practices. Viet Nam established the national public health network to implement the “NAP on drug 

resistance 2013–2020” (Decision No.2174/QĐ-BYT dated 21/6/2013), where the Ministry of Health 

is the leading agency and the Ministry of Agriculture and Rural Development (MARD) is one of the 

key agencies to implement this NAP. MARD also approved and issued the Decision No. 2625/QĐ-

BNN-TY dated 21/6/2017 on “NAP for controlling AMU & AMR in livestock production and 

aquaculture (2017–2020)” with the main objective of mitigating the risk of AMR in public health 

through controlling the AMU in livestock production and aquaculture. Under this NAP, some 

national surveillance and monitoring programmes on AMU and AMR, as well as on residues of 

chemicals and antibiotics in livestock production and aquaculture have been carried out. Dr Lua also 

presented the three-year surveillance project (2013–2016) for AMR in catfish aquaculture, 

sponsored by the World Health Organization (WHO). Surveys were also carried out on AMU in  

714 aquaculture-farming households. In 2017, Viet Nam carried out two surveys under FAO Project 

FMM/RAS/298/MUL, including: (1) the survey of AMU and AMR in tilapia and traditional fish in 

Hai Duong Province and (2) the survey on the AMU along the whole value chain of Pangasius 

catfish aquaculture (from hatchery, grow out and postharvest), sponsored by FAO Project 

OSRO/RAS/502/USA, implemented by the Network of Aquaculture Centres in Asia-Pacific 

(NACA). The survey in Hai Duong Province showed that 95 percent of interviewed households 

detected disease problems during the rearing of their crops, and 91.7 percent of the households used 

antibiotics for prevention and treatment of diseases. Among them, about 61.7 percent of the 

households used antibiotics for the purpose of treatment, 28.3 percent for the purpose of both 

treatment and prevention, and 3.3 percent for the purpose of prevention. About 78.3 percent of the 

interviewed households said that they obtained antibiotics from veterinary shops. Regarding AMR 

analysis, a total of 20 Aeromonas hydrophila and seven Streptococcus spp. isolates were examined 

for AMR against antibiotics such as doxycycline, neomycin, ciprofloxacin, tetracycline and 

chloramphenicol. Isolates were categorized as wild type (fully susceptible) or non-wild-type (NWT) 

using normalized resistance interpretation-determined cut-off values. Dr Dang also mentioned that 

announcements on national television, in newspapers and via other media campaigns were made to 

develop awareness on AMU and AMR. The survey participants (farmers) were also guided on proper 

AMU and the key message on AMR was conveyed during the surveys of AMU and AMR in shrimp, 

Pangasius, tilapia and traditional fish aquaculture. In terms of best practice, some national 

programmes for disease prevention and control have been established for main aquaculture species 

such as shrimp and Pangasius catfish. Best practices in shrimp, Pangasius, tilapia and others have 

been also improved through applying aquaculture technology such as VietGAP and GlobalGAP.  

Dr Lua concluded that because aquaculture is one of the most important economic sectors in Viet 

Nam, the Vietnamese government needs to continue implementing activities related to AMU and 

AMR in order to minimize the risks of AMR. Viet Nam needs international support and cooperation 

in this subject.  

 

6. Progress Report: Documentation and Characterization of AMU in the Aquaculture 

Sector: Thailand, Viet Nam, Myanmar and Indonesia (FAO project 

OSRO/RAS/502/USA implemented by NACA)  

Dr Eduardo Leaño, on behalf of participants from Indonesia, Myanmar, Thailand and Viet Nam, 

presented the outcomes of the FAO/NACA project to document and characterize AMU in the 

aquaculture sector in these four countries. The project was undertaken to assess the current status of 

AMU in aquaculture of groupers (Indonesia), freshwater finfish (Myanmar), shrimp (Thailand) and 

pangas catfish (Viet Nam). The studies showed that antimicrobials are still used in the culture of 

major species in Indonesia, Thailand and Viet Nam, while they are not used in finfish aquaculture 

in Myanmar where an extensive system is still widely practiced. In Indonesia, antimicrobials are 

widely used in grouper hatchery operations, but only a few farmers use antimicrobials during  

grow-out operations because the common disease problems encountered are parasitic infestations 

and not bacterial infections. In Thailand’s shrimp aquaculture, antimicrobials are commonly used in 

hatchery operations, but not in the grow-out phase, where most farmers avoid the use of 

antimicrobials except when major disease outbreaks become imminent. In contrast, pangas catfish 
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culture in Viet Nam extensively uses antimicrobials in the nursery and grow-out culture operations 

due to many infectious disease problems during the long culture periods (2–3 months for nursery 

and up to 8 months for grow out). Antimicrobials are not used in pangas catfish hatcheries because 

the phase lasts only for less than 24 hours. 

 

Dr Leaño summarized the antimicrobials used in the culture of selected species in Indonesia, 

Thailand and Viet Nam. The only antimicrobial commonly used in the three countries is 

oxytetracycline, an approved antimicrobial for use in aquaculture. Thailand shrimp culture uses the 

least number of antimicrobials (only oxytetracycline), while Viet Nam pangas catfish culture uses 

the most. The non-usage of antimicrobials can also be correlated to the increased number of 

alternative chemicals, biological agents and feed supplements that are being used by the farmers to 

improve the health of cultured stocks and to prevent diseases. Grow-out farmers (in all countries) 

using antimicrobials also observe proper withdrawal periods, to make sure that the harvested 

products are free from any antimicrobial residues, especially those that are intended for export. 

 

6. Aquaculture production and trade trends: carp, tilapia, shrimp and ornamental fish 

Mr Miao Weimin presented the importance of carps, tilapia and shrimp aquaculture in terms of their 

contribution to peoples’ nutrition, economic value and global seafood trade. Being the species group 

of longest culture history, production of carps increased at annual average of 5.3 percent during 

1996–2015, with a peak of 28.8 million tonnes in 2015. This accounted for 37.5 percent of the total 

global aquaculture production and 25.6 percent of the total aquaculture value. Carps play a very 

important role in local food security and nutrition. For tilapia, Dr Weimin explained that its 

production increased at an annual average of 11.1 percent in 1996–2015. Production of tilapia 

reached 5.7 million tonnes in 2015, which accounted for 7.4 percent of the total global aquaculture 

production and 5.6 percent of the total aquaculture value. Tilapia contributes significantly to local 

food security and nutrition, and international trade. As for shrimp, production increased at an annual 

average of 9 percent during 1996–2015. Its production reached 4.9 million tonnes in 2015, which 

accounted for 6.4 percent of the total global aquaculture production and 15.8 percent of the total 

aquaculture value. Shrimp farming contributes very significantly to international seafood trade, rural 

livelihoods and the national economies of many countries. Dr Weimin explained that despite 

significant production, the volume of carps in international trade is less than 0.5 percent. Currently, 

traded shrimp products account for more than 50 percent of total cultured shrimp production, 

although a small fraction of internationally traded shrimp is from capture fisheries. Some 0.4 million 

tonnes of tilapia products of different form were traded internationally in 2015, which should 

account for 10–15 percent of the total cultured production. Dr Weimin presented a scenario where 

production of cultured shrimp and tilapia will continue to grow at moderately high rates, and their 

intraregional trade will increase. Cultured carp will remain as the most important aquaculture 

commodity, although the production growth will be much lower compared with that for shrimp and 

tilapia. 

 

 

H. Session 6: Discussion on capacity building requirements and the way forward  

Before the group discussions started, participants were divided into four working groups composed of 

country representatives, participants from the academe and international organizations, representatives 

from the private sector, and the invited experts. The groups were briefed by Dr Bondad-Reantaso on 

the workshop mechanics.  

 

1. Introduction to Working Group discussions  

Dr Melba Bondad-Reantaso introduced the mechanics of the workshop whereby the focus of the 

discussions was on actions to address the four pillars through which AMR can be engaged: 

governance, awareness, evidence and best practice. The essential components of each pillar in 

capacity building were threshed out to include stakeholder responsibility and implementation time 

frames. Prioritization of suggested elements for action was based on time frame and on its being for 
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national, regional or international purpose. The working groups also discussed possible resource 

mobilization opportunities from in-country resources or regional and international donors. 

 

2. Workshop Outputs 

Working Group 1 — Members of Working Group 1 highlighted the importance of reviewing 

government policies on AMR concerning antimicrobial product quality, regulation on their use and 

the pertinent institutions that implement and enforce the strategy as a priority step. Governments 

should also actively participate in international standards-setting processes. After the review, 

guidelines could be developed for AMR based on the needs identified in policy review. 

Governments also need to establish reference laboratories for testing of AMR and antimicrobial 

residues. To heighten awareness, media campaigns through information, education and 

communication (IEC) are needed for all stakeholders in aquaculture (e.g. consuming public, 

producers, authorities, fish health professionals, academia, sales persons). Training of trainers on 

standard methods following CLSI is necessary for laboratory personnel. Information on the 

implications and risks of AMR should also be given to feed and drug manufacturers. It may also be 

necessary to incorporate AMR and AMU in the tertiary curriculum.  

 

The pillar on evidence should be addressed through surveys and surveillance of AMU and AMR, 

residue monitoring of relevant products, risk analysis, epidemiological studies, monitoring of 

transboundary diseases, and communication of the economic impact of diseases. Putting best 

practice into action can be done through proper disease diagnostics and monitoring, introducing of 

hazard analysis and critical control points (HACCP)-based systems, and availing of alternative 

methods for disease control such as autogenous vaccines, herb-based remedies, immunostimulants 

and probiotic applications. At the farm level, it is important to emphasize practices that do not 

compromise food safety. To facilitate uptake of alternative methods to prevent and control diseases, 

farmers could be organized into clusters for better education and follow up. Disease prevention can 

also be augmented by establishing early warning systems. Central to good production is the use of 

stocks certified for high health status and improved genetics as a result of selection. 

 

Working Group 2 — Working Group 2 presented the workshop outputs on governance, with 

emphasis on the need to review legislation or formulate it, if it is lacking. Legislation should cover 

the licensing of aquaculture farms, registration of pharmaceutical products and regulation on their 

use, regulations for feed manufacturers, and enforcement of regulations. The government should 

also provide extension services on fish health management by engaging more professionals, 

especially competent personnel authorized to prescribe drugs. To promote awareness on AMR and 

AMU, the programme should start with the farmers at their production sites. The farm is also the 

site to initiate best practices programmes. Continuing education and in-service trainings should be 

provided by both the government and academic institutions. The strategy should not overlook the 

role of suppliers and consumers. 

 

Capacity building to increase gathering of evidence on AMR and AMU is needed in the 

standardization of testing methods, as well as in surveillance and reporting. There is a need to have 

access to real-time data, and research activities should continually identify knowledge gaps. In terms 

of best practices, high priority is given to the implementation of GAqP and BMPs. Trainings for 

government and industrial personnel in biosecurity, dissemination of IECs to all stakeholders on the 

prudent AMU, and imparting state-of-the-art knowledge on alternatives to antibiotics are also 

considered as high priority.  

 

Working Group 3 — Members of Working Group 3 discussed the four focus areas: (a) best practices 

(b) governance (c) awareness and (d) evidence, highlighted in the FAO action plan. Under best 

practices, three components were discussed – improving biosecurity, prudent AMU and disease 

management support. For improving biosecurity, there is a role for farmers, academic institutions 

and governments. While governments can come up with guidelines, academic institutions need to 

support the government in making the guidelines science based and by providing technical support 

to the farmers to implement the guidelines. To implement prudent AMU, government, fish health 
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professionals, veterinarians and farmers need to play a role. Support towards improved disease 

management could come from government or academic institutions or private-sector laboratories.  

 

In the area of governance, there is a need to have clear regulations and an integrated approach, with 

cooperation between the human health, veterinary and environmental sectors within the context of 

a “One Health” approach. Capacity building is needed on a continuous basis. Awareness raising 

could be achieved through continuing professional education and farmer trainings. Evidence could 

come from data obtained through surveillance programmes, scientific research and recording of farm 

practices including AMU. In this area, governments, farmers and academia all need to play a role. 

International organizations and donors could support activities in all the four focal areas. 

 

Working Group 4 — Members of Working Group 4 discussed capacity-building requirements of the 

four pillars (governance, awareness, evidence and best practice), as well as the way forward on 

antimicrobial utilization in aquaculture. The key initiatives in each of the four pillars that were 

highlighted were: 

 

 Governance: Improving governance needs prioritization of the activities needed to curve 

AMR and AMU. The need to review appropriate legislation and to seek legislative support 

to facilitate implementation is of highest priority. 

 Awareness: To enhance awareness among stakeholders, there is a need to conduct an 

industry-wide survey to assess the current level of AMU. Information from surveys should 

be incorporated into a global database. As such, key stakeholders to be involved need to be 

identified. A convincing tool to promote awareness among key stakeholders is to present 

case studies on the economics of prudent use and the use of alternatives to AMU. 

 Evidence: A National Surveillance Plan (NSP) on AMR is needed. Baseline survey before 

actual implementation of the NSP is needed to provide a comparative basis to assess the 

effectiveness of the action plan. 

 Best practice: A critical component in the acceptance of best practice is a comprehensive 

understanding of biosecurity as a means to control diseases. Best practice should include 

establishment of technical guidelines for AMU, control of sales of antimicrobials, and 

education of the public on the rationale of prudent use of antimicrobials and the hazards 

resulting from the non-implementation of guidelines.  

 

In addition, the group unanimously agreed that it is vital to step up efforts on the prudent and 

responsible use of antimicrobials. Cooperation between the key stakeholders is necessary in 

mitigating the impact of AMR in aquaculture.  

 

I. Session 7: Conclusions and closing 

Dr Melba Bondad-Reantaso presented on the meeting’s conclusions and closed the workshop by 

identifying the project achievements, namely: the enhanced knowledge, skills and capacity of the 

participants; the implementation of policies and NAPs on prudent and responsible AMU by the 

Competent Authorities on fisheries and aquaculture; and the outputs of: (i) policies, regulatory 

frameworks and public goods enhanced inclusiveness and efficiency of food, agriculture and forestry 

systems and (ii) the development and enhancement of the capacities (knowledge and skills) of the 

Competent Authorities and other stakeholders on prudent and responsible AMU in aquaculture. 

She summarized the project timeline in its entirety and evaluated the status of the target countries 

(People’s Republic of China, Malaysia, the Philippines and Viet Nam) with regard to the four pillars of 

governance, awareness, evidence and best practices. Focus topics during the final workshop included 

discussion and presentations on food safety and CODEX, country NAPs, data on AMU and AMR 

pathways, fishery product rejections, diagnostics, bacterial disease management, best practices, fish 

waste and the One Health framework. She went on to highlight the completed and on-going work 
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accomplished by the target countries on relevant legislation, AMU/AMR surveys, best practices and 

awareness in relation to their NAPs on AMR. 

 

Dr Bondad-Reantaso illustrated the status of the various project outputs and activities and their 

completion status (achieved, partially achieved and continuing), such as initiation and integration of the 

aquaculture component and sector into NAPs on AMR; knowledge enhancement (application and 

dissemination); national, regional and international awareness raising; AMU/AMR surveillance; 

laboratory capacity building; best practices guidance; IEC materials; and documentation outputs, 

including the Code of Conduct for Responsible Fisheries Technical Guidelines, combined workshop 

reports and the best practices document for carp, tilapia and shrimp. 

 

FAO’s Global Biosecurity Framework was then discussed, bringing attention to the fact that a paradigm 

shift is required and that business as usual cannot go on. Many aquatic animal diseases have resulted in 

massive losses of high-quality food and nutrition, as well as substantial negative impacts on economies 

and livelihoods. The Progressive Management Pathway (PMP) was introduced to provide a 

collaborative, risk-based and progressive pathway to building management capacity through combined 

bottom-up/top-down approaches with strong stakeholder engagement to promote application of risk 

management at the producer level as part of a national approach to lead to sustainable and resilient 

national aquaculture systems. The Tripartite consultation on the PMP (government/donors, producers, 

academe/input/service providers) was set for March/April 2018 in Washington D.C. 

 

A major aspect highlighted in the conclusions was the importance of putting the farmers themselves 

into the equation and the vitally important role they play in prudent and responsible AMU. Other issues 

highlighted to be continually worked on and improved include:  
 policy improvement and enforcement; 

 improved understanding of AMU and AMR; 

 education and awareness and communication; 

 focusing on farmers and extension officers; 

 alternatives to antimicrobials; 

 regional cooperation and public-private partnerships; 

 incentives; 

 consumer perspectives and influence; and  

 prevention 

 

After the presentation of conclusions and the closing of the workshop, the participants took part in a 

field trip hosted by AVA Singapore to view laboratory facilities and an ornamental fish facility. 
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ANNEX 3a: Programme 
 

Date/time Activity 

11 December 2017 Arrival of participants 

Day 1:  

12 December  

 

08.15–08.45 Registration 

08.45–09.40 Opening Session 

Welcome Remarks (Dr Chang Siow Foong, Group Director/Agri Establishment 

Regulatory Group, Agri-Food & Veterinary Authority of Singapore) 

Introduction to objectives and expected outcomes of the workshop (Dr Melba 

Reantaso, FAO) 

Self-introduction of participants 

Group photo 

09.40–10.00 Coffee 

10.00– Session 1: Governance 

10.00–10.10 Progress report on Aquaculture Component of FAO Project FMM/RAS/298/MUL 

“Strengthening capacities, policies, and national action plans on prudent and 

responsible use of antimicrobials in fisheries” (Ms Elena Irde, FAO) 

10.10–10.20 Progress report on Food Safety Component of FAO Project FMM/RAS/298/MUL 

“Strengthening capacities, policies, and national action plans on prudent and 

responsible use of antimicrobials in fisheries” (Ms Esther Garrido Gamarro, FAO)  

10.20–10.40 AMR, Aquaculture and One Health (Dr Melba G. Bondad-Reantaso, FAO) 

10.40–11.00 Codex Alimentarius as food safety standard, relationship with AMR and country 

responsibilities (Dr Iddya Karunasagar, India) 

10.40–11.15 EU Action on Plan on AMR and implications for trading partners with two examples 

of NAP: Croatia (Drs Snježana Zrnčić, Croatia) 

11.15–11.30 Example of NAP: Netherlands (Dr D. Ceccarelli, presented by Dr Olga Haenen, 

Netherlands) 

11.39–11.45 Example of NAP: Singapore (Dr Kelvin Lim, Singapore)  

11.45–12.00 Example of NAP: USA (Dr Larry Hanson, USA) 

12.00–13.20 Lunch 

13.20–13.40 Current status of NAP on AMR (WHO website) (Dr Melba G. Bondad-Reantaso, 

FAO) 

13.40–15.00 Discussions 

13.30– Session 2: Awareness 

13.30–13.50 Critical analysis of available data on use of antibiotics in aquaculture (Dr Peter 

Smith, Ireland) 
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13.50–14.10 Review of AMR in aquaculture work in China (Dr Li Aihua, People’s Republic of 

China) 

14.10–14.30 Global ornamental fish trade as a risk of AMR development and transfer (Dr Olga 

Haenen, Netherlands) 

14.30–14.50 Discussions  

14.50–15.10 Coffee 

15.10– Session 3: Evidence   

15.10–15.30 Mechanisms and pathways of AMR in the environment  (Dr Iddya Karunasagar, 

India) 

15.30–15.50 Global overview on fishery products rejections due to residues of antimicrobials (Ms 

Esther Garrido Gamarro, FAO) 

15.50–16.10 Assessing antibiotic treatment failure in salmon aquaculture (Dr Sophie St. Hilaire, 

Hong Kong, SAR) 

16.10–16.30 Discussion  

16.30–17.00 Wrap-up and Day 2 schedule 

 

Day 2:  

13 December 

Session 4: Best practice 

08.15–08.20 Tasks for Day 2 

08.20–08.40 Diagnostics and antimicrobial administration (Dr Snježana Zrnčić, Croatia)  

08.40–09.00 Practical management of bacterial diseases in finfish aquaculture to minimize AMR 

(Dr Larry Hanson, USA) 

09.00–09.20 Best practice in carp aquaculture (Dr Rohana Subasinghe, UK/Sri Lanka) 

09.20–09.40 Best practice in shrimp aquaculture (Dr Celia Lavilla-Pitogo, Philippines) 

09.40–10.00 Best practice in tilapia aquaculture (Dr Rohana Subasinghe, UK/Sri Lanka) 

10.00–10.20 Coffee 

10.20–10.40 Future of vaccination in Asian aquaculture (Mr Lee Yeng Sheng, Singapore). 

10.40–11.00 Fish waste management: Turning fish waste into healthy feed (Mr Omar Riego 

Peñarubia, FAO) 

11.00–11.20 Discussions 

11.20– Session 5: Country presentations 

11.20–11.50 China (Dr Aihua Li) 

11.50–12.20 Malaysia (Ms Wan Norhana Bt Md Noordin and Mr Gerald Misol Jr.) 

12.20–13.30 Lunch 

13.30–14.00 Philippines (Drs Simeona E. Regidor and Sonia Somga) 

14.00–14.30 Viet Nam (Dr Dang Thi Lua and Ms Thi Han Huong Nguyen 
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14.30–15.00 Progress Report: Documentation and Characterization of AMU in the Aquaculture 

Sector:  Thailand, Viet Nam, Myanmar and Indonesia (FAO project 

OSRO/RAS/502/USA implemented by NACA) (Dr Eduardo Leano, presented by Dr 

Rolando Pakingking, Jr.) 

15.00–15.20 Discussions 

15.20–15.40 Coffee 

15.40– Session 6: Discussions on capacity building requirements and the Way Forward 

15.40–16.00 Aquaculture production and trade trends: carp, tilapia, shrimp and ornamental fish 

(Mr Miao Weimin, FAO) 

16.00–16.15 Introduction to Working Group discussions: each of the 4 Working Groups will 

discuss on the 4 pillars: governance, awareness, evidence, best practice (Dr Melba 

Bondad-Reantaso, FAO) 

16.15–17.15 Working Group Discussions 

19.00–21.00 Networking dinner at Concorde Hotel sponsored by AVA Singapore 

Day 3: 

14 December 

Session 6: Discussions on capacity building requirements and the Way Forward 

08.15–08.20 Tasks for Day 3 

08.20–09.20 Continue Working Group discussion and preparation for WG presentations 

09.20–09.40 Coffee 

09.40–11.20 WG presentations 

09.40–10.00 WG 1 (WG Chairperson/Rapporteur) 

10.00–10.20 WG 2 (WG Chairperson/Rapporteur) 

10.20–10.40 WG 3 (WG Chairperson/Rapporteur) 

10.40–11.00 WG 4 (WG Chairperson/Rapporteur) 

11.00–11.30 Discussions 

11.30– Session 7: Conclusions and Closing  

11.30–12.00 Conclusions  

12.00–12.30 Distribution of certificates 

12.30–13.30 Lunch 

13.30–18.30 Field trip hosted by AVA Singapore (laboratory facilities and ornamental fish 

facility) 
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Figure 1. Upper Row (left-right): Kwan Mei Yen, Christine Lee Hui En, Agnes Ye, Poh Jer Len, 

Nguyen Thi Lan Huong, Bui Thi Viet Hang, Thi Lua Dang, Rolando Parkingking, Vo Dinh Chuong, 

Gerald N. Misol Jr., Tan York Chor, Swan Mei Yen, Han Zi Yang, Edmund Choo, Chng You Rong, 

Tan Wei Jie, Diana Chee, Lynn Tan, Sonia Somga, Lee Yeng Sheng, Seow Hui Ching; Middle Row 

(left-right): Elena Irde, Sri Agustatik, Sophie Natasha Sthillaire, Wan Rohana Noordin, Li Aihua, 

Omar Riego Peñarubia, Esther Garrido-Gammaro, Weimin Miao, Moe Moe, Thitiporn Laoprasert, 

Tajung Dwi Okta Nugraheni, Juliwan Roongkamnertwongsa, Kelvin Lim. Seated Row (left-right): 

Peter Smith, Celia Lavilla-Pitogo, Olga L.M. Haenen, Melba Bondad-Reantaso, Chang Siow Foong, 

Snjezana Zrnčić , Rohana P. Subasinghe, Iddya Karunasagar, Larry Hanson  
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The implementation of FAO Project FMM/RAS/MUL/298: Strengthening capacities, 

policies, and national action plans on prudent and responsible use of antimicrobials in 

fisheries took place from January 2017–April 2018.  

Three regional workshops took place in Mangalore, India from 10–12 April 2017, 

Putrajaya, Malaysia from 7–9 August, and in Singapore from 12–14 December 2017. 

The regional workshops: (i) raised awareness, knowledge and skills; (ii) provided 

guidance in the conduct of AMU and AMR surveillance; (iii) provided opportunity for 

intensive exchange of information between country nationals and experts; and

(iv) provided a venue for better understanding of country situations with respect to

their aquaculture biosecurity status, AMR-related activities and ongoing actions.

At the end of project implementation, Competent Authorities on fisheries and 

aquaculture and other relevant stakeholders enhanced their awareness, knowledge, 

skills and capacities in the development and implementation of policies and NAPs on 

prudent and responsible AMU and the associated food safety implications and aquatic 

sector integration within the One Health framework. 
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