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Preface
When I started my career over 25 years ago, I travelled to India to discuss antibiotic use in aquaculture. During workshops with shrimp farmers 
and associations, it was explained that antibiotics are not needed in aquaculture and how more focus should be addressed on disease 
prevention. In the meantime, aquaculture production worldwide, and in India in particular, significantly increased, there is much more 
experience and better knowledge on production. However, with increased production, problems with diseases also significantly increased and 
the AMR problems are greater than ever before. 

It is without any doubt that, with business as usual, new diseases will evolve and that problems with AMR will further increase. Furthermore, 
AMR is linked with other global challenges and for most of them limits are reached. Therefore, it is time to rethink the way we address diseases 
and AMR in aquaculture (and beyond!). It must and can be done differently by understanding the root causes of our problems and applying a 
systemic approach. We are allowed to switch our focus from control of diseases and AMR – towards creating resilient production areas. 

With this study on AMR, I would like to highlight how The Netherlands can take a leading role in the transformation of the Indian seafood 
sector towards a healthy production sector by a systemic approach, back in balance with nature. 

Dr. Karin van de Braak 

Sustainable Aquaculture Solutions 
F R O M  M O R E  T O  B E T T E R
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Executive Summary 
Antimicrobial resistance (AMR) is a major global threat to human and animal health and growing at an alarming rate. 

This study was commissioned by the Agriculture Department of the Embassy of the Kingdom of the Netherlands in New Delhi, the Netherlands Business 
Support Office (NBSO) in Hyderabad and supported by the Netherlands Enterprise Agency (RVO). The aim of this study was to investigate the importance of 
AMR and to identify opportunities where Dutch parties can contribute with knowledge, technical assistance and technology and experience to address drug-
resistance in the Indian seafood sector. 

The first part of this report describes developments in the aquaculture sector. Disease outbreaks are recognized as a major constraint to aquaculture 
production and trade and are affecting economic development of the sector in many countries of the world. This is also the case for the shrimp culture sub-
sector in India. The importance of understanding disease outbreaks is explained with the iceberg model. Diseases are only the tip of the iceberg and often 
addressed in a linear, problem-solving approach. 

However, fish and shrimp diseases are complex problems and occur as a combination of suboptimum factors within the host, microbes and the 
environment. Complex problems are never solved by focusing on the problem itself. In many cases the situation will get worse! 

The actual causes are hidden from plain sight, especially with diseases in aquaculture. For a real transformation, the environmental and social structures of 
the system need to be considered as well. 

AMR in aquaculture is growing by tending to address diseases in a problem-solving approach. However, AMR is an extremely broad and complex problem, 
interrelated with other sectors. Part 2 of the report explains the linkages between AMR and other major global challenges and outlines 3 approaches; 1. 
Control of diseases and AMR; 2, Sustainable intensification and 3. Nature-positive systems. These different approaches complement each other and already 
co-exist, with importance in the order they are presented. 

3 
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Executive Summary 
Each of the approaches has advantages and significant disadvantages, which need to be considered in selection of the options. 

The 1st approach focusses on control and results in more knowledge and awareness of diseases, diagnostics, responsible treatment and trends and harm of 
AMR. The advantage is that a lot of knowledge is generated. The disadvantages of this reactive approach are that it is complicated and costly; the disease 
losses already occurred, new diseases will certainly emerge and AMR and even multi-drug resistance will make things worse. 

Approach 2 is focusing on disease prevention by creating efficient production systems and a healthy culture environment, aiming at zero-use of antibiotics. 
The advantage is a high production output per input factor. However, the focus on intensification and efficiency of the level of the production systems alone 
may lose sight of the other global challenges of today, such as climate change, biodiversity loss and increasing inequalities. 

The 3rd approach in this report is on creating nature-positive and resilient production areas with regenerative systems and fair price for the farmers. The 
important advantage is that other major global problems are addressed in this way as well. The disadvantage of this approach, however, is that it is complex, 
many partners are involved and sometimes requires high transition costs or reduced income at start. 

This section includes examples of each of the different approaches defined in this report. 

Part 3 of this report includes the recommendations and starts with an overview of Dutch parties which could contribute to each of the different areas. It 
takes the SDG’s into account along the shrimp production and supply chain in India with exports to The Netherlands. The needs and advantage of the 
system approach are further explained. Only reducing the negative aspects is not enough anymore. The regenerative approach creates potential emerging 
positive synergies along environmental, social and financial aspects. 

4 
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Key messages (1/2) 
• Aquaculture production and seafood exports from India to EU/NL will significantly increase in the coming decade 

• Fish and shrimp production intensification will result in emerging diseases and more outbreaks and losses, increased 
antimicrobial use and more antimicrobial resistance (AMR) problems 

• AMR is recognized as a silent pandemic, with the potential to cause huge social and economic disruption 

• AMR is a major global problem and strongly interlinked with other global problems, such as climate change, biodiversity loss and 
social inequalities 

• India is among the countries with the highest levels of clinical and aquaculture multi-antimicrobial resistance and is among the 
ones exposed to the highest climatic vulnerability and temperatures rises 

• This study emphasizes the need for urgent coordinated effective national and international interventions and multi-sectoral 
collaboration to limit antimicrobial use and the global spread of AMR 

• Accountability extends beyond national borders and The Netherlands, as a major importer and with extensive experience in 
intensive animal production, can contribute to the development of the Indian seafood sector which goes beyond sustainability 

5 
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Key messages (2/2) 
• The complex nature of AMR requires a holistic and integrated approach and is, in this study, divided in; 

1. Control of diseases and AMR: More knowledge and awareness in AMR, disease diagnostics & responsible disease treatment 

2. Sustainable intensification; More focus on disease prevention by creating efficient culture systems and a healthy environment 

3. Creating nature-positive and resilient production areas with regenerative systems and fair price for the farmers 

• The goal is no longer a focus only on increasing production and efficiency (which may increase the problems), but to take a 
systemic approach to transformation and returning the ecological balance 

• Regenerative aquaculture has the potential to create a synergistic relationship between ecological, social and economic systems 
and should be prioritized; in this way antimicrobial use is addressed at the base with healthy production systems in an area; it is 
much easier, cheaper, faster and thus, more effective than to solving problems afterwards 

F R O M  M O R E  T O  B E T T E R  
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Background 

This research is conducted on behalf of the Netherlands Business Support Office, Hyderabad and the Dutch Embassy in India. The Dutch 
government underscored the importance and urgency of addressing the growing global threat of antimicrobial resistance (AMR) in all 
countries through a coordinated, multisectoral, One Health approach in the context of the 2030 Agenda for Sustainable Development. 

The aim of this research was to provide a business case for technologies that could help reduce AMR in India, and support sustainable and 
responsible growth of the Indian aquaculture sector. 

Results are obtained through extensive desk research of scientific and secondary research papers, global developments and stakeholder 
interviews. On-site, Solidaridad India conducted a field study through interviews with key-stakeholders and a survey among shrimp farmers. 
Other studies were conducted by major producers and exporters in the sector. The preliminary results were discussed between major Indian 
stakeholders and the Dutch aquaculture experts and business sector on October 1, 2021. 

At the time of research and writing, COVID-19 continued to have a major impact on lives and livelihoods around the world. It shows the 
scale of the systemic risks we face and the lack of resilience built into our current operating models. AMR has the potential to cause an even 
bigger impact if we continue with business as usual. Therefore, this report explains the importance of understanding disease problems and 
why these are occurring. It explains the AMR linkages with other global challenges and the role that aquaculture could play in addressing 
these. It is suggested to focus on a value case rather than on a business case. 

9F R O M  M O R E  T O  B E T T E R  
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Objectives of 
this study 

• Insights on the aquaculture production sector and value 
chain in India with trends and challenges in export to 
Europe/NL related to AMR 

• Provide details to Dutch agribusiness to elevate the 
aquaculture sector in India through investments and/or 
knowledge and technology 

• Provide insight and pave the way for Government 2 
Government (G2G) or Knowledge 2 Knowledge (K2K) 
interventions to relevant chain actors in India 

• Discuss possibilities for cooperation and business 
development between Indian and Dutch entrepreneurs 
in the seafood supply chain and beyond 

F R O M  M O R E  T O  B E T T E R  
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Antimicrobial Resistance (AMR) 

AMR occurs when bacteria, viruses, fungi, and parasites change over time and stop responding to antimicrobials 
that are supposed to treat diseases. The problem is huge and rapid and effective action is needed. 

This study has a focus on the seafood sector in India, however, AMR is a global multi-sector, multifaceted and multi-
stakeholder challenge. Antimicrobial abuse and misuse, poor hygiene and biosecurity, the enormous amounts of 
waste and pollution, contamination through hospitals and pharmaceutical industry, climate change and globalisation 
are all factors contributing to the rising rates of AMR in the world. 

11F R O M  M O R E  T O  B E T T E R  
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Antimicrobial resistance (AMR) develops when bacteria, fungi or 
viruses are exposed to antibiotics, antifungals or antivirals 
As a result, the antimicrobials become ineffective, infections may 
persist and become increasingly difficult to control 

Antimicrobial resistance 
1. Is a global threat which can affect everyone 

in every place on earth 
2. Is a hidden threat and often not recognised 
3. Is on the rise and may become the leading 

cause of death 
4. Can not be banned and will always deserve 

attention 
5. Demands for different solutions 

Source: AMR Insights 
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We may soon reach “a tipping 
point” when antimicrobial 
resistance (AMR) becomes the 
leading cause of death – 
surpassing heart disease and 
other so-called lifestyle illnesses 

It is estimated that each year, 700,000 people die 
from AMR-related causes and FAO Chief 
Veterinary Officer Keith Sumption said that if no 
actions are taken, the annual tally could soar 
to some 10 million by 2050 

FAO, Wednesday, November 24, 2021 

F R O M  M O R E  T O  B E T T E R  P A G E  1 4  
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The main drivers of AMR 
AMR problems accelerate due to the inappropriate use 
of antimicrobial agents for clinical and non-clinical 
applications in human health, animal health, food-animal 
production and crop production 

Exposure of microbes to disinfectants and non-
pharmaceutical agents also contributes to the microbial 
ability to evolve mechanisms that increase AMR 

Furthermore, the environment plays a significant role: 
waste from farms, factories, community and healthcare 
settings contributing to the emergence and spread of 
AMR through environmental routes 

It is expected that disruption of health service provision 
due to Covid-19 contributes to emergence and spread of 
AMR as well 

From Reverter et al., 2020 

From Lobie et al., 2021 
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Available information 

Number of results with different search areas in 
Google Scholar shows enormous and rapidly 
increasing amount of information available 
related to ‘antimicrobial resistance’ and 
‘aquaculture’ and ‘India’. 
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The longer we wait the 
harder it gets 

The problems will 
get bigger and 

BIGGER 

an effective 
approach is MORE 
and MORE difficult 

and will get MUCH 
more expensive 

..the longer we 
postpone it 

F R O M  M O R E  T O  B E T T E R P A G E  1 7
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World Aquaculture 
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World Aquaculture
Production 

Wide variety of 
species and 

production systems 

The fastest growing food Expected to Intense debates 
production industry over continue this growth about 

the last five decades in the next decade sustainability 
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World Aquaculture
Growth 

As new technologies and 
species develop, aquaculture Projected growth India 

will grow within new and is +12% in 2030 
existing geographies 

F R O M  M O R E  T O  B E T T E R  
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World Shrimp
Production 

Most popular Expected to One of the most Volatile market Strong global growth 
seafood product (up to 10% expected in 2021) continue to grow valuable species and prices 
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Trends & 
Developments 

Shrimp important in 
global seafood 

trade 

• Best Management practices 

• Sustainability certification 

• Fishmeal replacement 

• System design 

• Multi-trophic aquaculture 

• Integrated systems 

• Indoor RAS technology 

• Regenerative aquaculture 

• … 

1 species (P.Wide variety of 3 main species Diseases major Billions of dollars lost vannamei) accounts production systems produced constraint for growth due to diseases for 77% of production 
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Major
Challenges -
Diseases 

Survey carried out among key
players in the sector in 2019 

With increasing production, more diseases will evolve 
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The biggest problems experienced by the growth of the global aquaculture industry are the 
fish and shrimp diseases 

There are many factors contributing to the disease challenge including: 
• increased globalization of seafood trade and markets 
• intensification of fish & shrimp-farming practices 
• introduction of new species and production areas for aquaculture 
• large areas of monoculture production of (non-endemic) species 
• expansion of the ornamental fish trade 
• (unanticipated) interactions between cultured and wild populations 

of aquatic animals 
• poor hygiene and lack of effective biosecurity measures 
• slow awareness on emerging diseases 
• climate change and environmental degradation 
• irresponsible use of veterinary drugs 

P a g e  /  2 4F R O M  M O R E  T O  B E T T E R  
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Disease Control in Aquaculture 
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The costs of diseases 

Disease outbreaks are recognized as a major constraint to aquaculture production and trade and are affecting economic 
development of the sector in many countries of the world. This is especially the case for the shrimp culture sub-sector. 

Some data are available on direct financial losses which indicate the significance of the problem, although social and other 
related impacts, such as trade, trust and employment issues, chemical and drug use, environmental degradation and AMR, 
have never been properly quantified. These additional and externalised costs are expected to be much bigger than the costs of 
disease outbreaks alone. 

26F R O M  M O R E  T O  B E T T E R  
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Area/regi 

Diseases 
Pathogen 

The costs of diseases in Aquaculture 

Sub-clinical infection 
Animals 

Performance 
Production system 

Environmental & Social System 
on/Earth 

Costs & Losses 
Direct losses and costs, Most obvious 

Annual US$ 6bln (FAO 2015) 
Mortality 

Indirect, Chronic 
Accepted, Overlooked 
Reduced production 

performance 

Externalised costs 
Environmental & Social 

generated by production, 
but paid by society 

AMR is a typical example 

We have the 
tendency to solve/fix 
the problem that is 

most obvious 

Resulting in 
antimicrobial mis-

and overuse in 
aquaculture 

However, disease 
events represent only 
the tip of the iceberg 

Additional problems 
are much bigger; 
Environmental, 

Climate, 
Social 

And Financial 
F R O M  M O R E  T O  B E T T E R  
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Antimicrobial use in Aquaculture 
production 

The availability and use of effective antimicrobials is essential for the health and welfare of terrestrial and 
aquatic animals, and their appropriate and prudent use has an important role in productive and 
sustainable agriculture and aquaculture (FAO, 2021). 

The levels and patterns of antimicrobial use in aquaculture globally remain largely undocumented. This 
hampers the application of targeted interventions and policies promoting sound antimicrobial 
stewardship in this rapidly growing industry. 

It is projected that global aquaculture consumption will increase 33% by 2030 (Schar et al., 2020). 
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Structural causes of diseases in 
Aquaculture production 

Diseases in aquaculture occur as a resultant of the complex interaction between the host, potential 
pathogens and the environment. 

A lot of effort is put on solving disease problems in a one-dimensional way. However, in aquaculture 
production, and especially in the shrimp culture sub-sector, disease treatment is often not effective. 

Intensification of monoculture production, environmental degradation, water quality deterioration, 
deforestation (incl. loss of mangroves), globalisation and climate change contribute to disease 
outbreaks. 
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More reasons why antimicrobials are not effective in aquaculture 

• There are no or very limited veterinarian professionals who can subscribe specific treatments for prudent and responsible use 

• There are no or very limited specific treatments available for most of the fish and shrimp diseases 

• Co-occurrence of different types of diseases and limited availability of diagnostics hamper reliable diagnosis 

• Sick animals lose appetite and application of medicated feed may be ineffective 

• Individual treatment of animals is not possible in aquaculture 

• Antibiotics can kill ‘bad’ bacteria, but also the ‘good’ bacteria and may leave the host weaker after treatment 

• Antimicrobial compounds may kill pathogens, but will not cure; the body is doing that itself 

• Frequent use of antimicrobials has led to the development of resistant microbes, leaving future on-farm treatments ineffective 

• Most of the antimicrobials or other chemicals end up in the environment and contribute to pollution, stress and AMR-spread 

• Use of antimicrobials is expensive and there is still a lot more to be gained from implementation of simple and inexpensive best 
management practices, such as increasing hygiene and biosecurity, reducing stress conditions and DO measurement 
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System Innovation to address AMR from Aquaculture 
Fixing 1 problem rarely makes sense 

It is much faster, easier and cheaper to address the root causes in a holistic approach 
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Event/symptom 

Pattern/trends 

System/structures 

Mental models & 
Planetary boundaries 

Environmental & Social 

What happened? – obvious evidence 
Tendency to React to solve/fix the problem 
Disease outbreak – treat the disease 

Notice trends to anticipate 
What happened over time? – monitoring, surveillance 
Disease problems increase over time/in certain areas – 
surveillance and epidemiology to anticipate and prevent 

What systems, organisation, standards influence the pattern? 
Where are the connections between the patterns? 
Increased stress with increased density, monoculture 
production of non-endemic species 

What beliefs, assumptions, values, traditions do people 
have to support the system? 
We need to increase production and efficiency in order to 
feed the world and earn a living (current belief) 

Addressing problems only on their 
event/symptom level (often through 
supplying sectors) works for superficial events, 
but is often not enough in case more systemic 
problems occur; the real causes are often 
hidden from plain sight, especially in 
aquaculture 

Monitoring individual events allows to 
observe trends over time and allows more 
options to anticipate when noticing a pattern 

When we see the underlying system structure, 
we can start to see where to change what is 
happening 

The system structures are based on mental 
models and includes the environmental and 
social contexts. This stage needs to be 
addressed to restructure the system which can 
lead to real transformation 
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More reasons for stronger focus on resilient systems 

• With production increase and intensification, disease problems will increase and new diseases will certainly emerge 

• Diseases occur as a combination of suboptimum factors within the host, microbes and the environment 

• Aquaculture situation is often favourable for opportunistic pathogens; microbes causing disease in animals with a 
compromised immune system or in a suboptimum environment; diseases occur when fish are weakened by stress 

• In aquaculture production, and especially in the shrimp culture sub-sector, there are plenty of examples of good farming 
practices and production performance where antimicrobials are not needed and not used 
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More reasons for stronger focus on resilient systems 

34 

A shift in the understanding of the microbial-host coevolution 
from the “separation” theories to the holistic approach. The 
hosts and their associated microbiota are assumed to have 
coevolved with each other, whereby different approaches are 
considered to describe the coevolution theory. According to the 
“separation” approach (upper part of the figure), the 
microorganisms can be divided into pathogens, neutral, and 
symbionts, depending on their interaction with their host. The 
coevolution between host and its associated microbiota may be 
accordingly described as antagonistic (based on negative
interactions) or mutualistic (based on positive interactions). The 
recent emerge in publications about opportunistic pathogens
and pathobionts gave a shift towards holistic approach in the 
coevolutions theory (lower part of the figure). The holistic 
approach sees the host and its associated microbiota as one
unit (so-called holobiont), that coevolves as one entity. 
According to the holistic approach, holobiont’s disease state is 
linked to dysbiosis, low diversity of the associated microbiota, 
and their variability: a so-called “pathobiome” state. The healthy 
state, on the other hand, is accompanied with eubiosis, high
diversity, and uniformity of the respective microbiota. The 
dynamic flow of microorganisms from one host to another and 
to the environment, described by the One Health concept, 
underpins the holistic approach in the coevolution 
Berg, G., Rybakova, D., Fischer, D. et al. Microbiome definition 
re-visited: old concepts and new challenges. Microbiome 8, 103 
(2020). https://doi.org/10.1186/s40168-020-00875-0 
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Visible, urgent, short-term, linear 
May result in complicated solutions 
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Invisible, important, long-term, holistic 
Complex systems 
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One step further down towards the foundation 

Nature-positive, carbon-negative and inclusive aquaculture 
production systems can contribute to a healthy food system, better 
human health system, reduced pollution and improved water quality 
in an area, at the same time reducing biodiversity loss, climate change 
and social inequalities. 

These more resilient culture systems will improve culture conditions, 
reduce disease problems and don’t need chemical treatment. It is 
much easier and cheaper than ‘fixing problems’ afterwards. 

The big gain lies in the combination of the different factors and their 
symbiotic relationships. 
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Health Management in Aquaculture 
When we focus on 

‘less bad’ 

- From more to better - -
creating resilient 

production Doing Diseases systems, the risk of 
Pathogen disease outbreaks 

will significantly 
decrease 

Sub-clinical infection 
Animals 

Focus on the 
foundation is easier 
and much cheaper Performance 

Production system than fixing 
problems 
afterwards 

Environmental & Social System 
Nature, climate, biodiversity, equality Area/region/Earth And it will have a 

Resilient systems are the very foundation Doing lot of other and essential for the future of life on earth 
‘good’ - Doing better will generate more - additional benefits 
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The situation in India 

India is one of the world’s biggest aquaculture producers with shrimp as single biggest export commodity. The 
sector is still rapidly growing and plans are to double export in the coming years. Production increase and 
intensification will increase the risk of disease outbreaks and are potentially driving antimicrobial use and also 
antimicrobial resistance. 
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AMR in Indian Aquaculture 

Compared with antimicrobial use in terrestrial animal production, application of antimicrobials in aquaculture 
provides a potentially wider environmental exposure pathway for drug distribution through water with 
important ecosystem health implications. Therefore, urgent steps are necessary to halt its progress and spread. 

Solidaridad India conducted a field study through interviews with key-stakeholders and a survey among 
shrimp farmers. Others studies were conducted by major farmers and exporters in the sector. The results show 
possible entry points and suggestions for AMR control. 
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Shrimp Production 
Quantity & Export 
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Results 
Local Study 
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Shrimp Production
India 

Shrimp contributed >50% in quantity and 
75% in financial export earnings from 
seafood in 2020/2021 

EU is the 3rd largest destination of Indian 
seafood with 14% in financial value with 
shrimp as the major product 

Boost in production World’s 2nd largest Plans of doubling In list of Top after introduction of producer of P. export products MRL Violations P. vannamei vannamei (13%) 

Reduction in 
residues during 
the last years 
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Production losses 
India 
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Wide diversity in aquaculture (shrimp) production systems 

Land & 
Water 

Shrimp 
Hatcheries 

Feed & 
Chemicals 

Shrimp Production Collectors/ 
Middlemen 

Processing & 
Export 

Logistics & 
Distributors 

Dutch/EU Importers 
and wholesale 

Markets & 
Consumption 

Import Super-intensive 

Production systems 
currently mostly
used in India 

Intensive 
Semi-extensive 
Extensive/traditional 
Working with Nature 

Export (90%) 

Local Local (10%) 

Zero inputs Aquaculture 
systems vary in Regenerative 
their levels of 

parameter control 

Reducing success rate 
with increasing 

production 
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Border rejections Serious cases - Tot. cases 2010-2020 
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India Vietnam Bangladesh China Armenia Myanmar 

Trends in cases of shrimp imports rejected by the European Union of exporting countries from 2010-2020. Data 
obtained with the RASFF-Portal for the Food and Feed Safety Alerts. Search criteria that were used: notified 
from 01/01/2010 | notified till 19/01/2021 | Notification type border rejection | Product category crustaceans and 
products thereof | Hazard category residues of veterinary medicinal products. 
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Results local studies India 
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Possible entry points of antimicrobials and risks of AMR in Indian Aquaculture sector 

Results 
Local Study 

Survey and interviews carried out among
key players in the sector in Q2, 2021 

• Mixing of fresh water by getting contacted with the previously used untreated water 
• Possible pollution through antibiotics, resistant bacteria and human/animal pathogens 
• Use of human and animal waste containing pathogens, to fertilize the pond to encourage 

the growth of algae on which the shrimp feed 
• Unregulated use of antibiotics, added directly to the pond-water and/or to the 

animals/humans living there 
• Pond sediment/sludge containing antibiotics and resistant bacteria/pathogens is used as 

fertilizer for chicken feed and crops 
• Effect of temperature increase and global warming 
• Use of already banned items i.e. Nitrofurans, Chlorofenical and Oxy-tetra cycle; detected 

based on rejections and public reports 
• Antibiotics are found at hatchery level or at the farm level or both 
• Hatchery owner and staffs are not really care and use to increase production and to deal 

with vibrio problems, Farmers are also not care on that issue 
• Surface contact with worker as it is labour oriented activities 
• During harvesting time farmers are not aware about it 
• Strengthening implementing NRCP (National Residue Control Programme) to control use of 

antibiotics in Aquaculture 
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Suggestions for controlling of AMR 

Results 
Local Study 

Survey and interviews carried 
out under key players in the 

sector in Q2, 2021 

• Strengthening of surveillance system for use of antibiotics in healthcare 
• Emphasis needed to the food and environment sector 
• Strengthening the laboratory capacity 
• Bridge among the regulatory and enforcement agencies 
• Better regulation of feed and pro-biotic manufacture and sells 
• Reduce the infection loss due to AMR pathogens by providing assured 

quality medicines 
• Creating awareness and understanding among general public 
• Effective infection, prevention and control programme 
• Development of alternate to antibiotics protocols 
• Strengthening the certification procedures and BMP 
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Results 
Local Study 

Suggestive measures, 
Q3, 2021 
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Results 
Local Study 

Suggested measures, 
Q3, 2021 
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Results 
Local Study 

Suggestive measures, 
Q3, 2021 
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Results Local Study 
Processors perspective 
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One Health principle 

Besides AMR in human and animal health, the natural environment requires attention as well, as animal health, 
human health, and environmental health are intrinsically related 

The environment, including wildlife and water bodies, is also an important reservoir of drug-resistant microbes and 
may be prime localities for development and spread, especially in places with inadequate hygiene and water supply 

The spread and impact are especially complex for the aquaculture sector, therefore requires multisector collaboration 
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The cycle of antibiotics and potential flow of (M)AMR in relation to the shrimp sector with export to Europe 
AMR is multi-faceted with deep linkage to human, animal and environmental health 

Food/feed 
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Important actors and aspects related to the Shrimp supply chain for implementation of One Health 
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Shared responsibil it ies 
The Netherlands/EU are importing seafood from India and AMR must be a shared responsibility. 

Globally we are only as protected as our most vulnerable members, because resistant microbes easily cross 
borders. Therefore, AMR should be addressed broader than at the level of export products alone. 

India is a major antibiotic consumer worldwide and is one of the countries mostly affected by AMR. 

In addition, India is one of the major manufacturing countries of antibiotics for the world market, especially 
low-cost products are exported to low-income countries. And, in like manner, India can take its 
responsibility in this part as well, as AMR problems are rising at an alarming rate in these areas. 
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The Netherlands is in the midst of transition towards sustainable 
agriculture production systems 

This experience can be used to contribute to more sustainable practices in aqua-farming in India 
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O M M O R E T O B E T T E R P A G E

“In a world that already demands 75%
more than the planet can renew, it's 
unbelievable how little attention this huge
challenge is getting. Despite the innovative
strength of the Netherlands, it pains me to
see how the ecological footprint of the
Netherlands is more than seven times 
larger than its own biocapacity. 
said Dr. Mathis Wackernagel, Director and Co Founder of the 
Global Footprint Network. 

https://www.footprintnetwork.org/netherlands/ 
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India is among the major exporters of cheap antimicrobials to 
low-income countries 

Strengthening control of pharmaceutical companies for their pollution and trade is 
urgently needed for a major impact locally and worldwide 

The highest AMR rates found in low-income countries 

The global antibiotics market is dominated by generic drugs sold at low prices 
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      F R O M M O R E T O B E T T E R 59F R O M M O R E T O B E T T E R

PART II 

Roadmap des ign 
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AMR is complex 

Effective national prevention measures are needed, but action at global level is essential for 
effective control of AMR. Furthermore, AMR is intertwined with other global problems and 
affects a broad range of interconnected sectors. Therefore, requires a holistic and systemic 
approach. We emphasise the urgent need for coordinated national and international 
interventions to limit antimicrobial production, use, misuse, abuse and waste at all levels. 

60F R O M  M O R E  T O  B E T T E R  



   

            

   F R O M M O R E T O B E T T E R
61 

I N T R O  |  W O R L D  A Q U A  |  D I S E A S E  C O N T R O L  |  I N D I A  |  A M R  |  3  A P P R O A C H E S  |  R E C O M M E N D A T I O N S  

F R O M  M O R E  T O  B E T T E R  



   

 

            I N T R O  |  W O R L D  A Q U A  |  D I S E A S E  C O N T R O L  |  I N D I A  |  A M R  |  3  A P P R O A C H E S  |  R E C O M M E N D A T I O N S  

AMR is related to other 
global chal lenges 

India is heavily affected 

F R O M  M O R E  T O  B E T T E R  62 
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Crossing these points threatens to irreversibly 
disrupt the natural systems that have kept Earth’s 
climate relatively stable for thousands of years. 
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Three approaches 
AMR is an extremely broad, interrelated and complex problem. It needs to be addressed at different levels and in a holistic, 
systemic manner. 

In this study, three different approaches are described to address AMR. These different approaches complement each other 
and already co-exist with importance in the order they are presented below. If our focus remains on the problem-solving 
approach, we may find our well-intended actions making things even worse. If we put our focus on only one specific 
aspect, we may see other problems arising elsewhere. 

Addressing the complex problem of AMR requires the broader picture, including understanding of the root causes and 
approaching it in a holistic way. 
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             I N T R O  |  W O R L D  A Q U A  |  D I S E A S E  C O N T R O L  |  I N D I A  |  A M R  |  3  A P P R O A C H E S  |  R E C O M M E N D A T I O N S  

AMR is strongly interlinked 

with the current health crisis, 

climate crisis, ecological 
crisis and food system 

therefore, requires an 
integrated and systemic 

approach 

Shared responsibility to prevent drug-resistant infections from 
becoming the next global public health emergency 

We are not moving fast enough 

There is a lot more we can do! 

P A G E  6 6F R O M  M O R E  T O  B E T T E R  
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From eco-efficiency to eco-effectiveness 

Minimising the negative footprint, 
while optimising the positive 

We are very dependent 
on natural resources – 
and they are running out 

Biodiversity loss 
results in loss of our 
stable system as base 

It must and can be 
done differently by 
creating synergistic 
relationship between 
ecological and 
economic systems 

F R O M  M O R  E  T O  B E T T E R  
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Positive 
Synergies 

GHG capture 
Biodiversity Increase 
Water, Soil and Air-
quality increase 
Human Health 
Quality of life 

Natural System 
Tolerance 

And other natural resources 

Climate 
Biodiversity 
Water 
Soil 
Air Natural Resources Agroecology 

Agroforestry Permaculture 
Food Forests 
Circular system 
Nature Inclusive 



Food System & Landscape Regenerative System 

• Effectiveness, restorative 

• Increase biodiversity (genetics, microbial, species, 
area) for resilience 

• Diversification in (local) species production 

• Diversification of production systems 

• Improve water quality in an area (e.g. IMTA) 

• Regional approach, local technologies 

• Carbon-negative, address climate change 

• Local community development 

• Symbiotic relationships 

• Resilient production and financial status 

• Social: Gender, fair price for the farmer 

• Symbiotic effects: public health, flood protection 
and much more! 

Link with the SDG’s and beyond in a Value case 

Sector & Value Chain Production & Processing 

• Implementation of BMP (basic water quality!) 
and sustainable certification 

• Increase production efficiency 

• High quality feed & seed (genetics) 

• Large-scale efficient monoculture 

• Reduction and reuse of waste, circular systems 

• Recirculating Aquaculture Systems (RAS) 

• Water quality in the production system 

• Microbial management & zero antibiotics 

• Reduce GHG-emission 

• Digital technology, Smart-farming 

Focus on realistic advantages in a Business case 

Protection Production Prosperity 

2. Sustainable Intensification   

     

    

    

     
   

    
     

     

  

  

    

       

    

  

     
  

    

    

       

   

  

  

    

      
   

         

     

      
  

  

     

  

     

    

  

       

  

  

             

   

       

I N T R O  |  W O R L D  A Q U A  |  D I S E A S E  C O N T R O L  |  I N D I A  |  A M R  |  3  A P P R O A C H E S  |  R E C O M M E N D A T I O N S  

1. Control of disease & AMR 3. Nature-positive production 

Global One Health – Diseases & AMR – 

• Improve awareness and understanding AMR 

• Pathogen identification & characterisation 

• Diagnostics and responsible use of 
antibiotics and other treatments 

• Monitoring, surveillance and reporting 
systems for diseases and AMR (OIE) 

• Disease/AMR risk analysis process 

• Action plan on AMR in Aquaculture (FAO) 

– 

• Epidemiology, biosecurity, vaccination 

Focus on diseases and control 

F R O M  M O R E  T O  B E T T E R  

These 3 approaches are all necessary and currently already co-exist 



  

  

         

     

    

             

   

Global One Health
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3. Nature-positive production 1. Control of disease & AMR 2. Sustainable Intensification 

Global One Health Sector & Value Chain Food System & Landscape 

Protection Production Prosperity 1. 2. 3. 

F R O M  M O R E  T O  B E T T E R  



 

   

Approach 1. Control of diseases and AMR 
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1. Control of diseases & AMR 

Disadvantages: 
Losses already occurred, 

new diseases will 
emerge and problems 

will increase 

F R O M  M O R E  T O  B E T T E R  P A G E  7 2  



 

    
         

  
        

     
       

    
   

        
        
 

 
 

   
  

 
 

   

 
  

 
  

  
  

   
 

 
  

   

E x a m p l e  One Health Approach 
National Action Plan on AMR A p p r o a c h  1  

Environment 
Optimal water usage 
Optimal water quality 
Protected biodiversity and 
natural capital 
Low-energy production 
Low spatial footprint 

People 
Nutritious and safe food 
Equitable income generation 
Gender equalization 
Quality employment 
Knowledge and skills generation 

Organism 
Healthy stock 
Minimal chemical hazards 
Biosecure farms 
Safe farms 
Optimized farm systems 

F R O M  M O R E  

Early detection, prevention and control 
Implementation of the One Health Framework is key to 
addressing AMR. 
The six priority areas of India’s NAP-AMR include 
awareness, surveillance, infection prevention & control, 
optimizing the use of antimicrobials, research, innovation 
& financing, and regional leadership by India. 
Multi-stakeholder approach coupled with large 
investment in research, rapid testing and surveillance is 
required for the implementation of the One Health 
approach 

T O  B E T T E R  PAGE 73 



 

 
 

   
   
 

   

E x a m p l e  Disease surveillance in Aquaculture 
Notice trends to anticipate A p p r o a c h  1  

A methodological approach and guidance for a multidisciplinary team; the 12-point 
checklist showing the steps, their descriptions and the criteria and elements required to 
complete each step. 
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Where Dutch 
parties could 

contribute 

Surveillance and research to design 
programmes to minimize and contain AMR 
and monitor effectiveness is needed 

All countries need to be enabled, 
empowered and incentivized to transform 
awareness of AMR risks into action 
AMR Insights a a Dutch-based Global 
platform to address these needs 

Objectives 

1. Increasing stakeholder 
awareness and engagement 

2. Strengthening surveillance and 
research 

3. Enabling good practices 

4. Promoting responsible use of 
antimicrobials 

5. Strengthening governance and 
allocating resources sustainably 

F R O M  M O R E  T O  B E T T E R  



  

   

Approach 2. Sustainable Intensification 
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2. Sustainable intensification 

Disadvantage: 
Strong focus on 1 aspect 

may may negatively 
affect others (e.g. energy) 

F R O M  M O R E  T O  B E T T E R  P A G E  7 7  
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Where Dutch parties could contribute 
Environment 

Best 
Management 
Practices 
Training is
required in
all areas 

The Dutch 
Aquaculture Experts 
(DAE) and other 
Dutch companies 
can address these 
needs 

Performance and Health 
• Selection of high-quality fry 
• Domesticated broodstock 
• Stocking density 
• Handling 
• Feed quality 
• Feeding management 
• Immune stimulants 
• Neutraceuticals & Prebiotics 
• (Vaccination) 
• Feed probiotics for gut 

health and performance 

Potential 
Pathogens 

Host / 
Shrimp 

Disease 
Risk 

Culture Environment 

   

  

  

 
 

 
 

    
 

 
  

  
  

  

 

 
   

   

   
 

 
 

 

  
  

 

 

 
  

   
 

   

             

Pathogenicity 
• Hygiene and Biosecurity 
• Disease monitoring, diagnosis 
• Surveillance system 
• Probiotics for Vibrio control 

Environmental control 
• System design 
• Water quality 
• Reduction of sludge 
• Water probiotics for 

bioremediation 
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Sustainable Intensification without the use of antibiotics 
Example shrimp production Vietnam E x a m p l e  

A p p r o a c h  2  

 

 

      
    

      
     
         

        
   

  

    
   

 
 

   

Proven benefit: 

Dr. Loc (ShrimpVet Vietnam) has found 
that antibiotic-free production has 
made his results much more consistent 

Start with pathogen-free hatchery production through 
better water treatment, biosecurity measures and 
diagnostics 
Improve pond management through sludge removal, 
water and effluent treatment by making use of probiotics 
Keep animals healthy through quality feed and maintain a 
healthy gut microbiota by applying active probiotics for 
microbiome moderation; vibrios will cause less damage 
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Sustainable Intensification without the use of antibiotics 
Example shrimp production Ecuador E x a m p l e  

A p p r o a c h  2  
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E x a m p l e  Sustainable Intensification without the use of antibiotics 
Example Aquaculture Norway A p p r o a c h  2  

Antibiotic use in the Norwegian salmon sector vs salmon production levels 1981-2020 

At the start of aquaculture production in Norway over 
30 years ago, antibiotics were commonly used as well. 

Nowadays, veterinarians, fish farmers and feed 
producers are legally obligated to report antibiotics use 
and prescriptions to a government agency, which is 
publicly available. 

In 2020, the lowest ever number of veterinary antibiotic 
treatment prescriptions – just 48 in total – required by 
Norwegian fish farms, meaning that 99 percent of 
Norwegian salmon were never treated with any form of 
antibiotic. 

This trend can be used as example for other 
aquaculture production areas, and for shrimp farming in 
India in particular. 
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Sustainable Intensification without the use of antibiotics 
Land animal production and Agriculture E x a m p l e  

A p p r o a c h  2  
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E x a m p l e  Sustainable Aquaculture 
Aquaculture villages in Indonesia A p p r o a c h  2  

The Indonesian government plans to have a network of dozens of villages with 
aquaculture farms by the end of 2022 

• Indonesia plans to have a network of 136 villages dedicated to aquaculture by 
the end of this year 

• The initiative is part of the government’s efforts to boost exports of its world-
renowned aquaculture commodities, namely shrimp, lobster, crab and seaweed 

• Experts have welcomed the plan, but say it must be supported by sound 
environmental planning, particularly avoiding the clearing of mangrove forests 
and ensuring proper waste management 

• Indonesia is one of the top exporters of farmed seafood, but fish farming in the 
country has long come at the expense of carbon-rich mangrove forests and 
other important coastal ecosystems 
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E x a m p l e  
Sustainable Aquaculture 

Microbial Management and Integrated production systems (Sorgeloos, 2021) A p p r o a c h  2  
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Approach 3. Nature-positive and equal 
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3. Nature-positive production while reducing inequalities The economic and social value of nature and biodiversity are enormous 

Biodiversity
Carbon sink 
Flood protection 
Shock absorber 

Disadvantage: 
Complex and high 

transition costs at start 

F R O M  M O R E  T O  B E T T E R  P A G E  8 6  
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Where Dutch 
parties could 

contribute 

Regenerative aquaculture can assist in the 
recovery of ecosystems in an area. Healthier 
ecosystems, with richer biodiversity, yield 
greater social, environmental and financial 
benefits. 

Systems thinking is an effective approach for 
tackling the complex, interdependent 
challenge of AMR. Instead of looking at 
individual aspects of performance and disease 
in isolation, a systems approach looks at how 
different parts of a system interact. 

F R O M  M O R E  T O  

Agricultural & Aquacultural intensification, efficiency and economic 
growth have brought us beautiful things, but we are increasingly 
confronted with its downside of it. 

In The Netherlands, there is an increasingly number of organisations 
that work in a holistic way on the transition towards regenerative 
agriculture and believe in the long-term purpose-economy. Also 
consumers are increasingly willing to pay a true price for the products 
they buy; this includes fair price for the farmers. The government is 
paying for nature conservation and restoration. Business activities 
include social and environmental values, rather than an exclusive 
focus on financial returns. 

This offers the opportunity to recover and improve with equal and, on 
the long turn, even improved production performance. 

Besides AMR, antimicrobial use and human and animal health, other 
major global problems are addressed, such as climate change, 
biodiversity loss, (plastic) waste, (chemical) pollution, drinking water 
quality, clean air and healthy soils. 

The highest form of regeneration will result in the highest leverage 
effect. 

This transition involves collaboration with many different stakeholders, 
such as farmers, and their representatives, entrepreneurs in the value 
chain, the national government and local communities and 
authorities, NGO’s, research, training and education institutes. 

Restoration and regeneration is complex and only effective if the right 
practices are deployed at the right time in the right places (there are 
also plenty of examples which are not successful). 

B E T T E R  
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Nature-positive Aquaculture 
Potential benefits 
Restorative aquaculture may be one of the best 
opportunities to simultaneously produce healthy food 
and improve the health of (aquatic) environments 
• Reduced risks of disease outbreaks 
• Improve water quality in an area 
• Increase biodiversity 
• Protection from flooding 
• Increase social and economic value 
• Climate mitigation through carbon sequestration 

F R O M  M O R E  T O  B E T T E R  

aquaculture as fundamentally 
embedded within linked social 

and ecological systems 
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E x a m p l e  

Nature-positive shrimp farming 

A p p r o a c h  3  
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Example Selva Shrimp in Vietnam and Indonesia 

• Return Mangroves to aquaculture farms by turning the current 
model for farming in the area upside down: from 5% Mangrove 
& 95% farmland towards 60% Mangrove and 40% farmland 

• Modify existing farming practices to zero-input systems (no 
antibiotics, no feed, no chemicals), while reversing negative 
impacts from decades of problematic aquaculture practices 

• Triple the income for local farmers 

• Introduce a sustainable, healthy, guilt-free seafood choice for 
consumers 

• Increase the local communities' protection against sea level rise 
and natural disasters 

• The goal is to roll out the model to larger regions, conserving 
and restoring 150,000ha of mangroves, while supporting a 
resilient local economy 

F R O M  M O R E  T O  B E T T E R  
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E x a m p l e  

A p p r o a c h  3  

Nature-positive shrimp 
farming in India 
Creating healthy and resilient production systems through: 

• Integrating shrimp farming with fish (tilapia) or other 
food production systems (e.g. rice), integrated 
multitrophic aquaculture (IMTA), aquaponics 

• Development within the context of local ecosystem 
functions and services 

• Spatial planning and integrated coastal zone 
management 

• Combine shrimp farming with mangrove restoration or 
other (re)forestry, fisheries development and other local 
economic sectors 

• Develop a system in combination with local community 
development and flood protection 
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Regenerative Shrimp Farming 
Shrimp production Indonesia E x a m p l e  

A p p r o a c h  3  
 

 

   

https://www.weforum.org/agenda/2020/10/shrimp-aquaculture-jobs-environment 
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E x a m p l e  Regeneration of Ecosystems 
Making use of experience in other areas A p p r o a c h  3  

 
 

   

https://www.unep.org/news-and-stories/press-release/new-guidelines-aim-support-
mangrove-restoration-western-indian-ocean 
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E x a m p l e  Restorative farming 
Principles, Models, Roadmaps and Opportunities A p p r o a c h  3  

https://www.nature.org/content/dam/tnc/nature/en/documents/TNC_PrinciplesofRestorativeAquaculture.pdf 
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E x a m p l e  Building with Nature 
Paradigm shift in water infrastructure solutions in Indonesia A p p r o a c h  3  
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Overview of Dutch businesses and parties 
to contribute 
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2. Sustainable Intensification 3. Nature-positive production1. Disease & AMR control 

Initiatives directly or indirectly involved in Aqua-meeting dd 1-10-2021
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Some priority areas 
Approach Low hanging fruit Business 2 Business Knowledge 2 Knowledge Government 2 Government

1 Global One Health

Control of diseases & 
AMR

Increased control of 
pharmaceutical production 
locations 

and their export control

Biosecurity and epidemiology

Transparency of global supply chains of 
seafood from the aquaculture sector 

AND of antimicrobials from the 
pharmaceutical sector

Creating awareness

Training on implementation of control 
measures of diseases and AMR

Improve the operational laboratory 
facilities

Focus on strict control of mass 
production of cheap antimicrobials (incl. 
export to developing countries)

Guidance on implementation of the 
National Action Plan for AMR (NAP-
AMR)

2 Sector & Value Chain –
Production & Processing

Sustainable 
intensification in 
aquaculture production

Reduce unnecessary losses 
(diseases) by Best Management 
Practices - improve hygiene and 
DO-measurement

Aiming at zero-use of antibiotics 
in shrimp farming

Efficient production systems, circularity, 
smart farming, environmental and 
microbial management (e.g. probiotics)

Training to farmers with focus on health 
management and disease prevention

Research into realistic new production 
systems and area-based management 
(remote sensing)

Regulate the over-the-counter access to 
antibiotics

Zero-tolerance for antibiotic use in 
aquaculture, and shrimp farming in 
particular

Implementation of the SDG’s

3 Food System & 
Landscape –
Regenerative and 
inclusive systems

Critical thinking about 
sustainability and avoid 
greenwashing

Collaborations, define common long-
term goals for continuous improvement

Build further on business trust 

Prioritise fair price for the farmers

Research and training in systems thinking 
and approach to apply it in the complex 
system, where aquaculture, and shrimp 
farming in particular, are part of

Ethics in the pharmaceutical industry

Increase diversity & biodiversity in 
aquaculture production

Improve quality of life

F R O M  M O R E  T O  B E T T E R

However, multi- and inter-sectoral collaboration is essential in all areas
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Aquaculture is in the unique position to be hindered by disease outbreaks, to contribute to AMR, waste 
and pollution, greenhouse gas emissions, biodiversity loss, to be hindered by climate change, but is also 
in the position to offer a solution

Not with the focus solely on intensification - because that will often result in increasing problems - but 
by using nature-positive and carbon-negative systems with an eye for social aspects at the same time

The goal is no longer only about innovation, but about transformation with lasting benefits for the 
environment and society

Bending the curve with Aquaculture

F R O M  M O R E  T O  B E T T E R
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Bending the curve with aquaculture

Business as usual
Production increase & disease control  

Reduce (unnecessary) losses by 
disease prevention

Reduce chemicals, pollution & waste 
Reduce hunger & obesities
Focus on nutritional value

Environmental and Social value 
increase - resilience

Improve production performance 
(neutral effect)

Restoring

Exploring

NATURE
The essence of life
Source of food, clean air & 
water, CO2 storage, protection

Training
Awareness 
Education
Extension services

Increase biodiversity in local ecosystems
Carbon negative/Climate positive
Improve water quality
Increase equality & quality of life

Responsible production & 
Consumption 

Disease treatment & control
Surveillance & epidemiology
Intensification
Upscaling problems

Value creation
Nature-positive 
production and inclusive 
economy for healthy food 
and community 
development

Complementary

Nature-based solutions are the most effective way to address AMR

Directly or indirectly we are fully dependent on what Nature provides us 

Adjusted from Adam Islaam | IIASA

Increase biodiversity at different levels; genetics, microbial, 
system, area - and create resilient production systems
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Land & 
Water

Shrimp 
Hatcheries

Feed & 
Chemicals

Shrimp Production Collectors/ 
Middlemen

Processing & 
Export

Logistics & 
Distributors

Dutch/EU Importers  
and wholesale

Markets & 
Consumption

Identification of impact areas in the seafood value chain in India

Ecosystem development
• Increase wetlands/mangrove areas
• Planting native trees

• Increase local biodiversity
• Local community development

Production systems
• Zero antimicrobial use
• Zero waste and pollution

• Carbon-negative production
• Price-premium/fair price for 

the farmer
• Resilient production systems

Processing & Export
• Full traceability 
• Gender 

• Fair wage for workers

Import & Trade
• Trust
• Transparency

• Purpose 
economy 

Consumer information
• Story telling and its 

implementation

• Training/ Awareness 
creation

• AVOID Greenwashing

Mainstreaming AMR into programmes for achieving the SDGs will help accelerate 
progress and boost resilience

Aquaculture has the potential to have positive but also negative impacts on people and the environment, and thus we need to 
maximize positive impacts and minimize negative impacts in all steps in the production and value chain



P
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Regenerating landscapes and 
water bodies and revitalizing 

communities offers 
tremendous opportunities 
for society and business
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Re-think business development

F R O M  M O R E  T O  B E T T E R

With new alarming reports on AMR and other global issues increasingly 
coming up, there is a strong need to bring business and governments into 
contact with a new economic model in which not only financial returns 
count, but also social and ecological values have meaning.
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From 
Business case 
to 
Value case

Given the systemic issues society faces, we must think beyond 
Shareholder Value – and even Shared Value – to measure all of  
the ways in which a business can Create System Value

P A G E  1 0 5

Companies that included environmental and social goals already proved 
to have better financial results 
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Creating win-win 
situations

The whole is greater than the sum of its parts 
Environmental – Social – Financial 

The aim is not 
maximisation of 

production output 
through intensification, 

but addressing the major 
global challenges in all 

our activities 
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Summary & Conclusions
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Part I
Trends and 

developments for 
AMR from 

Aquaculture

• Aquaculture is the most diverse food producing sector (in species and 
production systems) and has been the fastest growing in the past 4 
decades

• Aquaculture production will continue to increase – export of seafood from 
India to EU/NL as well 

• The biggest problems experienced by the growth of the aquaculture 
industry are related to the fish and shrimp diseases

• At current rates, global antimicrobial consumption in aquaculture is 
expected to increase 33% between 2017 and 2030 (Schar et al., 2020)

• AMR is one of the biggest threats to global health, food security and 
development today (WHO) – and will increase

• AMR is linked to other critical agendas such as climate change, 
environmental degradation, biodiversity loss and global human health

• AMR is complex, requires shared responsibilities, an integrated systems 
approach and rapid and effective action
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Part II
Approaches 

to reduce 
AMR 

in India

• Continuously new alarming reports are published about global limits being 
increasingly exceeded 

• AMR is one of these global challenges and and cannot be seen as a 
separate issue

• This study outlines three approaches to address AMR in the Indian seafood 
sector; 1. Control, 2. Sustainable Intensification and 3. Nature Positive and 
Socially Inclusive

• The 3 approaches are all necessary and currently already co-exist in the 
order of importance in which they were presented (1→2→3)

• Much effort is put on diseases control and AMR surveillance in the One 
Health Approach

• Sustainable intensification with implementation of BMP and focus on 
healthy production animals are essential for further development of the 
Indian aquaculture sector – the use of antimicrobials is not needed 
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Part III
Recommendations

• AMR can be addressed more effectively when the order of focus is shifted 
towards approach 3→2→1

• There is still a limited number of initiatives related to nature-positive, 
carbon-negative and inclusive aquaculture production areas

• Make use of ecosystem benefits of aquaculture; nature-positive and 
carbon-negative with more focus on polyculture, IMTA, mangroves, bivalve 
and seaweed production

• It is much faster, easier and cheaper than fixing problems afterwards 

• The big gain lies in the synergistic effects – the whole is greater than the 
sum of its parts
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Options for the way ahead together

• Continue with the One Health approach on disease knowledge, diagnosis, surveillance systems, also for AMR

• Aiming at zero use of antibiotics in shrimp farming (responsible use for other sectors)

• Make use of proven technologies for local development on systems, digital technologies, genetics

• Promote only the realistic advantages of new technologies and focus on effectiveness

• Improve local capacity building on resilient production systems and innovation

• EU/NL is asking for sustainable Seafood (CBI, 2021) - Increase collaboration and TRUST, sharing 
responsibilities on AMR ánd market with fair price for the farmers, including small-scale actors

• There are many initiatives to make the Dutch agri-food sector more sustainable and regenerative; this 
information and experience can be translated towards the specific situation in India



Let’s accept our responsibility and take the opportunity
Combining different approaches to address AMR
- in the right order
- within the right context 
- in the right balance

Antimicrobial Resistance
Public health
Food production
Climate change 
Nature – water, air, soil
Biodiversity 
Waste and pollution 
Quality of life of people 

are all 

interconnected

F R O M  M O R E  T O  B E T T E R
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The goal of SAS is to contribute to an extraordinary and lasting sustainable development of its customer’s activities. SAS will therefore do its utmost to provide a 
unique and appropriate advise and/or implementation programme, in consultation with the client. We do our utmost to report correct and current information. 
However, certain information may not be fully accurate or current. If you are in doubt or may have other questions, please contact SAS at info@sasnet.nl. SAS is 
not liable or responsible for any direct or indirect damage, in whatever form, arising out of operations carried out.

The purpose of SAS is to inspire a global conversation about the opportunities and threats we face, but, most importantly, the choices that can lead to a more 
equitable, healthy, resilient, and stable society. 
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