FAO
FISHERIES AND

AQUACULTURE
TECHNICAL
PAPER

547

44///44///1//
e,

™




Cover photograph:
Art work depicting fish vaccination by Ms Manuela D’Antoni, Marine and Inland Fisheries Service (FIRF),
Department of Fisheries and Aquaculture, Rome, Italy



Improving biosecurity through

prudent and responsible use
of veterinary medicines
in aquatic food production

Edited by

Melba G. Bondad-Reantaso

Aquaculture Officer

Aquaculture Service

Fisheries and Aquaculture Resources Use and Conservation Division
Fisheries and Aquaculture Department

Rome, Italy

J. Richard Arthur

FAO Consultant

Barriere

British Columbia, Canada

and

Rohana P. Subasinghe

Senior Aquaculture Officer

Aquaculture Service

Fisheries and Aquaculture Resources Use and Conservation Division
Fisheries and Aquaculture Department

Rome, Italy

FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS
Rome, 2012

FAO

FISHERIES AND
AQUACULTURE
TECHNICAL
PAPER

547



The designations employed and the presentation of material in this information

product do not imply the expression of any opinion whatsoever on the part of the

Food and Agriculture Organization of the United Nations (FAO) concerning the

legal or development status of any country, territory, city or area or of its authorities,

or concerning the delimitation of its frontiers or boundaries. The mention of specific
companies or products of manufacturers, whether or not these have been patented, does
not imply that these have been endorsed or recommended by FAO in preference to others
of a similar nature that are not mentioned.

The views expressed in this information product are those of the author(s) and do not
necessarily reflect the views of FAO.

ISBN 978-92-5-106975-2

All rights reserved. FAO encourages reproduction and dissemination of material in
this information product. Non-commercial uses will be authorized free of charge.
Reproduction for resale or other commercial purposes, including educational purposes,
may incur fees. Applications for permission to reproduce or disseminate FAO
copyright materials, and all queries concerning rights and licences, should be

addressed by e-mail to: copyright@fao.org or to the Chief, Publishing Policy and
Support Branch, Office of Knowledge Exchange, Research and Extension, FAO,

Viale delle Terme di Caracalla, 00153 Rome, Italy.

© FAO 2012



Preparation of this document

Under the Aquatic Animal Health and Aquatic Biosecurity Project, and building on a number
of consultations that dealt with veterinary medicines,! the FAO/AAHRI Expert Workshop on
Improving Biosecurity through Prudent and Responsible Use of Veterinary Medicines in Aquatic
Food Production was convened in Bangkok, Thailand, from 15 to 18 December 2009, in order to
understand the current status of the use of antimicrobials in aquaculture as a basis for improving
biosecurity through responsible use of veterinary medicines in aquaculture production.

The project culminated in the publication of this document, which is presented in two parts.
Part 1 contains 15 technical papers presented during the expert workshop and contributed by 29
specialists. Part 2 of this document contains the highlights of the expert workshop, which was
participated by a total of 39 experts from some of the major aquaculture-producing countries,
including experts from the Association of Southeast Asian Nations, the European Commission, the
World Organisation for Animal Health and the World Health Organization, as well as experts from
the private sector (producers, producer organization, and pharmaceutical and feed companies).

The expert workshop and publication, technically supervised by Dr Melba B. Reantaso,
Aquaculture Officer, and Dr Rohana P. Subasinghe, Senior Aquaculture Officer, both from the
Aquaculture Service, Fisheries and Aquaculture Resources Use and Conservation Division of
the Food and Agriculture Organization of the United Nations (FAO) Fisheries and Aquaculture
Department (FI), were made possible with financial assistance through the Programme Cooperation
Agreement of Norway under B.1 and D.1 objectives administered through the FishCode Programme
of FI and the Nutrition and Consumer Protection Division of the FAO Agriculture and Consumer
Protection Department, respectively.

! Expert Meeting on the Use of Chemicals in Aquaculture in Asia (May 1996); GESAMP Ad-Hoc Meeting of the Joint
Group of Experts on the Scientific Aspects of the Marine Environmental Protection Working Group on Environmental
Impacts of Coastal Aquaculture (May 1996); Workshop on International Harmonization for Aquaculture Drugs and
Biologics (February 1997); Workshop and Round Table of the European Association of Fish Pathologists (EAFP)
(September 1997); World Health Organization (WHO) Consultation (with FAO and the World Organisation for Animal
Health, OIE) on Global Principles for the Containment of Antimicrobial Resistance in Animals Intended for Food
(June 2000); First Joint FAO/OIE/WHO Expert Workshop on Nonhuman Antimicrobial Usage and Antimicrobial
Resistance: Scientific Assessment (December 2003); Joint FAO/WHO Technical Workshop on Residues of Veterinary
Drugs without ADI/MRL (August 2004); and Joint FAO/OIE/WHO Expert Consultation on Antimicrobial Use in
Aquaculture and Antimicrobial Resistance (June 2006).



Abstract

The current trend towards increasing intensification and diversification of global aquaculture has led
to its dramatic growth, thus making aquaculture an important food-producing sector that provides
an essential source of aquatic protein for a growing human population. For both developed and
developing countries, the sector is recognized as creator of jobs and an important source of foreign
export earnings. The expansion of commercial aquaculture, as is the case in commercial livestock
and poultry production, has necessitated the routine use of veterinary medicines to prevent and treat
disease outbreaks owing to pathogens, assure healthy stocks and maximize production. The expanded
and occasionally irresponsible global movements of live aquatic animals have been accompanied by
the transboundary spread of a wide variety of pathogens that have sometimes caused serious damage
to aquatic food productivity and resulted in serious pathogens becoming endemic in culture systems
and the natural aquatic environment. The use of appropriate antimicrobial treatments is one of the
most effective management responses to emergencies associated with infectious disease epizootics.
However, their inappropriate use can lead to problems related to increased frequency of bacterial
resistance and the potential transfer of resistance genes in bacteria from the aquatic environment
to other bacteria. Injudicious use of antimicrobials has also resulted in the occurrence of their
residues in aquaculture products and, as a consequence, bans by importing countries and associated
economic impacts, including market loss, have occurred. As disease emergencies can happen even
in well-managed aquaculture operations, careful planning on the use of antimicrobials is essential
in order to maximize their efficacy and minimize the selection pressure for increased frequencies of
resistant variants. The prudent and responsible use of veterinary medicines is an essential component
of successful commercial aquaculture production systems.

The FAO/AAHRI Expert Workshop on Improving Biosecurity through Prudent and Responsible
Use of Veterinary Medicines in Aquatic Food Production was convened in Bangkok, Thailand, from
15 to 18 December 2009, in order to understand the current status of the use of antimicrobials in
aquaculture and to discuss the concerns and impacts of their irresponsible use on human health, the
aquatic environment and trade. Such discussions became the basis for drafting recommendations
targeted for both government and private sectors and for developing guiding principles on the
responsible use of antimicrobials in aquaculture to be considered as part of future FAO Code of
Conduct for Responsible Fisheries (CCRF) Technical Guidelines on Prudent and Responsible Use
of Veterinary Medicines in Aquaculture.

Because aquaculture is expected to continue to increase its contribution to the world’s production
of aquatic food, offer opportunities to alleviate poverty, increase employment and community
development and reduce overexploitation of natural aquatic resources, appropriate guidance to
aquaculture stakeholders on the responsible use of veterinary medicines has become essential. Safe
and effective veterinary medicines need to be available for efficient aquaculture production, and
their use should be in line with established principles on prudent use to safeguard public and animal
health. The use of such medicines should be part of national and on-farm biosecurity plans and in
accordance with an overall national policy for sustainable aquaculture.

This publication is presented in two parts: Part 1 contains 15 technical background papers
presented during the expert workshop, contributed by 29 specialists, and which served as a basis for
the expert workshop deliberations; Part 2 contains the highlights of the expert workshop.

Bondad-Reantaso, M.G., Arthur, J.R. & Subasinghe, R.P., eds. 2012.

Improving biosecurity through prudent and responsible use of veterinary medicines in aquatic food
production.

FAO Fisheries and Aquaculture Technical Paper. No. 547. Rome, FAO. 207 pp.
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Preface

Modern aquaculture, through the intensification of culture systems and the diversification of both
the species cultured and the culture methods employed, often creates an ideal environment for
pathogens to flourish. The expanded and occasionally irresponsible global movements of live aquatic
animals have been accompanied by the transboundary spread of a wide variety of disease agents
that have sometimes caused serious damage to aquatic food productivity and resulted in serious
pathogens becoming endemic in culture systems and the natural aquatic environment. Traditionally,
the threats to aquaculture posed by aquatic pathogens have been addressed through the use of
antimicrobials, including chemotherapeutants, disinfectants, antibiotics and vaccines. However, the
inappropriate use of antimicrobials can lead to problems related to increased frequency of bacterial
resistance, with negative impacts on the efficacy of these agents to control infectious diseases in
aquaculture and the potential transfer of resistance genes in bacteria from the aquatic environment
to other bacteria and the possibility of resistance extending to human pathogens. Injudicious use
of antimicrobials has also resulted in the occurrence of their residues in aquaculture products,
resulting in commodity bans by importing countries and associated economic impacts.

By themselves, antimicrobials cannot fully prevent losses due to disease. A holistic approach
is required by modern aquaculture, and this can be achieved only through effective biosecurity
programmes whereby pathogens are excluded from the culture environment. The Food and
Agriculture Organization of the United Nations (FAO) is promoting a holistic approach to modern
aquaculture through effective biosecurity actions taken at different levels ranging from more
responsible international trade in aquatic organisms to better on-farm practices. The responsible
use of antimicrobials is an important part of farm biosecurity, as this helps ensure that pathogen
challenges are minimized, that the natural defence mechanisms of the cultured stocks are maximized,
and that disease and mortality, including costs of containing, treating and/or eradicating diseases, are
reduced. The injudicious and/or incorrect use of antimicrobials poses a great concern to successful
and sustainable aquaculture. In order to develop appropriate strategies or guidelines that will enable
the rational and prudent use of antimicrobials, particularly by small-scale aquaculturists, we need
to assess the current situation with regard to the extent of their use and misuse, and to have a good
general understanding of how these substances are being applied in aquaculture.

The FAO/AAHRI Expert Workshop on Improving Biosecurity through Prudentand Responsible
Use of Veterinary Medicines in Aquatic Food Production was convened in Bangkok, Thailand, from
15 to 18 December 2009, in order to understand the current status of the use of antimicrobials in
aquaculture and to discuss the concerns and impacts of their irresponsible use on human health, the
aquatic environment and trade. Such discussions became the basis for drafting recommendations
targeted for both government and private sectors and for developing guiding principles on the
responsible use of antimicrobials in aquaculture to be considered as part of future FAO Technical
Guidelines for Responsible Fisheries on Prudent and Responsible Use of Veterinary Medicines in
Aquaculture.

Arni Mathiesen
Assistant Director-General
FAO Fisheries and Aquaculture Department



viii

Acknowledgements

This publication was an outcome of the contributions of the many individuals who participated in
this project, beginning with the desk study, through to the expert workshop, and then to the final
publication of this document. They are all gratefully acknowledged.

Many kind thanks are due to the officials of the Inland Aquatic Animal Health Research Institute
(AAHRI), Department of Fisheries of Thailand, and the FAO Regional Office for Asia and the
Pacific for gracing the opening and closing sessions, and to AAHRI staff for logistic arrangements.
Special thanks also go to the various companies, institutions and organizations (Bayer-Thailand,
the Association of Southeast Asian Nations, the European Commission, Intervet/Schering-Plough
Animal Health, Skretting-Spain, Surerath Farms-Thailand, Thai Aquaculture Business Association,
the World Health Organization, the World Organisation for Animal Health, United States Food
and Drug Administration) that provided support for the participation of experts. The authors
of contributed papers and all workshop participants are sincerely acknowledged for making this
publication possible.

The editors would like to thank officials of the Fisheries and Aquaculture Department (FI) —
J. Jia, I. Karunasagar and W. Miao for support, guidance and encouragement and E. Irde for the
organization and conduct of the expert workshop and contribution to this publication. The kind
assistance of T. Farmer, M. Guyonnet and M. Panzironi, also of FI, and S. Arthur (desktop publisher)
for various types of assistance during the final production of this document is much appreciated.



Contributors

Victoria Alday-Sanz

Puttharat Baoprasertkul

Alexandre Boetner

Melba G. Bondad-Reantaso

Visanu Boonyawiwat

Sandra S. Bravo

Lucie Dutil

Elena Irde

Gran Via 658,4-1
Barcelona 08010
Spain

Inland Aquatic Animal Health Research
Institute Department of Fisheries
Kasetsart University Campus

Chatujak, Bangkok, 10900

Thailand

Intervet/Schering-Plough Animal Health
24-26 Gold Street

Saffron Walden, Essex

United Kingdom CB10 2NE

Food and Agriculture Organization of the
United Nations

Viale Terme di Caracalla

00153, Rome

Ttaly

Faculty of Veterinary Medicine
Kasetsart University

Kamphangesaen Nakornpathom 73140
Thailand

Universidad Austral de Chile
Los Pinos s/n, Balneario Pelluco
Puerto Montt

Chile

Laboratory of Foodborne Zoonoses
Public Health Agency of Canada
Guelph, Ontario

Canada N1G 5B2

Food and Agriculture Organization of the
United Nations

Viale Terme di Caracalla

00153, Rome

Ttaly



Roar Gudding

Iddya Karunasagar

Indrani Karunasagar

Brett Koonse

Mai Van Tai

Jennifer Matysczak

Scott McEwen

Donald Prater

National Veterinary Institute
PO Box 750 Sentrum
0105 Oslo

Norway

Food and Agriculture Organization of the
United Nations

Viale Terme di Caracalla

00153, Rome

Italy

Department of Microbiology
College of Fisheries
Mangalore 575 002

India

Center for Veterinary Medicine

United States Food and Drug Administration
7500 Standish Place, HFV-131

Rockville, MD 20855

United States of America

Centre for Environment and Disease
Monitoring in Aquaculture (CEDMA)
Research Institute for Aquaculture No. 1
(RIA 1)

Dinh Bang, Tu Son, Bac Ninh

Viet Nam

Center for Veterinary Medicine

United States Food and Drug Administration
7500 Standish Place, HFV-131

Rockville, MD 20855

United States of America

Department of Population Medicine
University of Guelph

Guelph, Ontario N1G 2W1

Canada

Center for Veterinary Medicine

United States Food and Drug Administration
7500 Standish Place, HFV-131

Rockville, MD 20855

United States of America



Xi

Andrijana Rajié¢

Peter Smith

Richard Reid-Smith

Simeona E. Regidor

Joselito R. Somga

Sonia Somga

Temdoung Somsiri

Department of Population Medicine
University of Guelph

Guelph, Ontario N1G 2W1

Canada

and

Laboratory of Foodborne Zoonoses
Public Health Agency of Canada
Guelph, Ontario N1G 5B2

Canada

Department of Microbiology
National University of Ireland
Galway

Ireland

Laboratory of Foodborne Zoonoses, Public
Health Agency of Canada

Guelph, Ontario N1G 5B2

Canada

Bureau of Fisheries and Aquatic Resources
860 Arcadia Bldg., Quezon Avenue, Quezon
City

Philippines

Bureau of Fisheries and Aquatic Resources
860 Arcadia Bldg., Quezon Avenue, Quezon
City

Philippines

Bureau of Fisheries and Aquatic Resources
860 Arcadia Bldg., Quezon Avenue, Quezon
City

Philippines

Aquatic Animal Health Research Section
Inland Aquatic Animal Health Research
Institute

Department of Fisheries

Kasetsart University Campus

Chatujak, Bangkok 10900

Thailand



Xii

Natasa Tusevljak

Carl Uhland

Robin Wardle

Chen Wen

Xinhua Yuan

Carlos Zarza

Department of Population Medicine
University of Guelph

Guelph, Ontario N1G 2W1

Canada

and

Laboratory of Foodborne Zoonoses
Public Health Agency of Canada
Guelph, Ontario N1G 5B2

Canada

Université de Montréal
3200 rue Sicotte
St-Hyacinthe, Québec
Canada

Intervet/Schering-Plough Animal Health

24-26 Gold Street, Saffron Walden, Essex CB10
2NE

United Kingdom

Guangdong Provincial Aquatic Animal
Epidemic Disease Prevention and Control
Center

#10, Nancun Road

Guangzhou, Guangdong 510222

China

Freshwater Fisheries Research Center
Chinese Academy of Fishery Sciences
No. 9, West Shanshui Road

Wusxi, Jiangsu 214081

China

Skretting Spain

Crta. de la Estacién, s/n. 09620
Cojobar, Burgos

Spain



xiii

Abbreviations and acronyms

AAHP

AAHRI
ADI
AHD
AMDUCA
AMOZ
AMR
AMU
AO

AOZ

BAI
BFAD
BFAR
BKD
BMP

BW

CAC
CCRVDF
CEDMA
CLSI
CNY
CoC
COwr
DA

DAH

DG SANCO
DOA
DOF
DOH
DOSTE
EMB
ELISA
EU
EUCAST
FAO
FDA
FDA-CVM

FDA-DOH
FFDCA
FIQAS
FOO
FSANZ
FVO
GAqPs

GFI

GMO
GMO

aquatic animal health practitioner

Aquatic Animal Health Research Institute

acceptable daily intake

1-aminohydantoin

Animal Medicinal Drug Use Clarification Act (United States of America)
3-amino-5-morpholinomethyl-1,3-oxazolidin

antimicrobial resistance

antimicrobial use

Administrative Order (Philippines)

3-amino-oxazolidinone

Bureau of Animal Industry (Philippines

Bureau of Food and Drugs (Philippines)

Bureau of Fisheries and Aquatic Resources (Philippines)

bacterial kidney disease

best management practice; better management practice

body weight

Codex Alimentarius Commission

Codex Committee on Residues of Veterinary Drugs in Foods

Centre for Environment and Disease Monitoring in Aquaculture (Viet Nam)
Clinical and Laboratory Standards Institute

Chinese yuan

Conduct of Conduct for Responsible Aquaculture Farming

wild type cut-off value

Department of Agriculture (the Philippines)

Department of Animal Health (Viet Nam)

Directorate General for Health and Consumer Affairs
Department of Aquaculture (Viet Nam)

Department of Fisheries (Thailand)

Department of Health (the Philippines)

Department of Science, Technology and Environment (Viet Nam)
Emamectin benzoate

enzyme-linked immunosorbent assay

European Union

European Committee on Antimicrobial Susceptibility Testing
Food and Agriculture Organization of the United Nations

Food and Drug Administration (Thailand)

Food and Drug Administration’s Center for Veterinary Medicine
(United States of America)

Food and Drug Administration-Department of Health (Philippines)
Federal Food, Drug, and Cosmetic Act (United States of America)
Fish Inspection and Quality Assurance Service (Philippines)
Fisheries Office Order (the Philippines)

Food Standards Australia New Zealand

Food and Veterinary Office

good aquaculture practices

Guidance for Industry

General Memorandum Order (Philippines)

genetically modified organism



Xiv

GMP
HMP
HACCP
H202
IGO
IPN
ISA
JECFA
LCMSMS
LMG
MARD
MIC
MOFI
MRL
MRL
MRPL
NACA
NARMS

NGO
NOAEL
NRI

NWT

OIE

PD

PHP

PK

ppb

ppm

QC

RAHO

RA

RIA1

SAG

SEM
SERNAPESCA
SFR

SPF

SPIC

SPS Agreement
SRS
SUBPESCA
USDA
VHML
VICH

VNN
WHO
WSSV
WT

WTO

good management practice; good manufacture practice
health management programme

Hazard Analysis and Critical Control Point

hydrogen peroxide

intergovernmental organization

infectious pancreatic necrosis

infectious salmon anaemia

Joint FAO/WHO Expert Committee on Food Additives
liquid chromatography tandem mass spectrometry
luecomalachite green

Ministry of Agriculture and Rural Development (Viet Nam)
minimum inhibitory concentration

Ministry of Fisheries (Viet Nam)

maximum residue level

maximum residue limit

minimum required performance limit

Network of Aquaculture Centres in Asia and the Pacific
National Antimicrobial Resistance Monitoring System
(United States of America)

non-governmental organization

no-observed adverse effect level

normalized resistance interpretation

non-wild type

World Organisation for Animal Health
pharmacodynamics

Philippine peso

pharmacokinetics

parts per billion

parts per million

quality control

Regional Animal Health Office (Viet Nam)

Republic Act (Philippines)

Research Institute for Aquaculture No. I (Viet Nam)
Agriculture and Livestock Service (Chile)
semicarbazide

National Fisheries Service (Chile)

specific feeding ratio

specific pathogen free

Single Plate Internal Control

Sanitary and Phytosanitary Agreement of the World Trade Organisation
salmon rickettsial syndrome

Undersecretariat of Fisheries (Chile)

United States Department of Agriculture

V. harveyi myovirus-like

International Cooperation on Harmonisation of Technical Requirements
for Registration of Veterinary Medicinal Products
viral nervous necrosis

World Health Organization

whitespot syndrome virus

wild type

World Trade Organization



PART 1

CONTRIBUTED PAPERS ON
UNDERSTANDING THE USE OF
VETERINARY MEDICINES IN
AQUACULTURE






Public health and trade impact of
antimicrobial use in aquaculture

Iddya Karunasagar

Products, Trade and Marketing Service
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Karunasagar, I. 2012. Public health and trade impact of antimicrobial use in aquaculture.
In M.G. Bondad-Reantaso, J.R. Arthur & R.P. Subasinghe, eds. Improving biosecurity
through prudent and responsible use of wveterinary medicines in aquatic food
production, pp. 1—9. FAO Fisheries and Aquaculture Technical Paper No. 547.
Rome, FAO. 207 pp.

ABSTRACT
Detection of residues of certain banned antibiotics in fish and crustaceans in international
trade during 2001-2002 led to greater attention on the public health risks owing to the use
of antimicrobial agents in aquaculture. The risk of residues with respect to antimicrobials
that are permitted for use in aquaculture is managed by enforcing a maximum residue
limit (MRL), but there are very few antimicrobials for which MRLs have been established
by international agencies. Most fish importing countries adopt a zero tolerance approach
regarding residues of antimicrobials that are banned for use in food animals. In such
cases, residue levels that attract regulatory action are based on analytical capability rather
than toxicology of the residues. Development and spread of antibiotic resistance has
been a cause of concern, although this issue is complicated by possible multiple origins
of resistance traits found in aquatic bacteria. Work done in this area by international
agencies such as the Food and Agriculture Organization of the United Nations, the
World Organisation for Animal Health, the World Health Organization and the Codex
Alimentarius Commission is reviewed in this paper.

INTRODUCTION

The importance of antimicrobial agents in protection of animal health has been widely
acknowledged, but the negative impacts of the use of these agents in animals raised
for food have been a cause of concern. The Food and Agriculture Organization of
the United Nations (FAO), the World Health Organization (WHO) and the World
Organisation for Animal Health (OIE) have organized several expert consultations and
technical meetings to review the global situation and develop recommendations. While
the issue of selection and spread of antibiotic-resistant bacteria in aquaculture has been
deliberated upon for quite some time, the issue of antimicrobial residues in aquaculture
products came to the fore in 2001 following marked improvements in laboratory
methods to detect residues. This was followed by disruptions of trade in aquaculture
products. According to the World Trade Organisation’s Sanitary and Phytosanitary
Agreement (SPS Agreement), countries have the right to establish measures to protect
the life and health of their population and also to determine the level of protection that is
appropriate for the country; however, available scientific evidence should be used when
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establishing control measures, and these measures should not be taken only to favour
the domestic industry. Measures adopted by countries with respect to antibiotic residues
and antibiotic-resistant bacteria would be within the framework of the SPS Agreement.

At the international level, the responsibility of providing advice on risk management
concerning veterinary drug residues lies with the Codex Alimentarius Commission
(CAC) and its subsidiary body, the Codex Committee on Residues of Veterinary Drugs
in Foods (CCRVDF). The primary responsibility for risk assessment is with the Joint
FAO/WHO Expert Committee on Food Additives JECFA). The CCRVDF determines
the priorities for consideration of residues of veterinary drugs, and JECFA provides
independent scientific advice by evaluating the available data on veterinary drugs
prioritized by CCRVDE. The Risk Assessment Policy for the the Setting of MRLs in
Food established by the CAC defines the responsibilities of CCRVDF and JECFA and
their interactions. For the establishment of the priority list, CCRVDF identifies, with the
assistance of Members, the veterinary drugs that may pose a consumer safety problem
and/or that may have potential adverse impacts on international trade. Veterinary drugs
meeting some or all of the following criteria could appear on the priority list:

® a Member has proposed the compound for evaluation;

® a Member has established good veterinary practices with regard to the compound;

e the compound has the potential to cause public health and/or trade problems;

® it is available as a commercial product; and

e there is commitment that a dossier will be made available (CAC, 2010).

JECFA uses a risk assessment process to establish acceptable daily intake (ADI) and
maximum residue limits (MRLs). Veterinary drugs that are toxic or have carcinogenic
potential are not evaluated by JECFA and, therefore, no ADI or MRL are established.
Chloramphenicol and nitrofurans, compounds that caused disruptions in trade in
aquaculture products, belong to this category and are banned for use in food-producing
animals in most countries. Currently, there is a Codex MRL only for chlortetracycline/
oxytetracycline/tetracycline in fish and shrimp (CAC, 2009). However, there are
national/regional MRLs for several other antimicrobial agents. In the European Union
(EU), the Commission Regulation (EC) No. 1181/2002 establishes MRLs for veterinary
drugs in foods of animal origin, including aquaculture products (EC, 2002). Lack of
Codex MRLs for veterinary drugs could be a problem for many developing countries
that adopt Codex MRLs as national MRLs. This situation has led FAO (2004) to
recommend that for veterinary drugs that have been evaluated by national governments
and are legally used in many countries, a comprehensive approach needs to be adopted
to expedite harmonization. JECFA evaluation of substances may be constrained by lack
of sponsors. FAO (2004) recommended that with the assistance of JECFA and based on
national/regional MRLs, an initial list of temporary/operative MRLs could be adopted
by CCRVDE. This list could be made permanent by CAC, if the national/regional risk
assessments are not questioned, or if JECFA could establish ADI using the data used by
the country/region to propose MRL. Substances that do not fulfil these requirements
could then be moved to the list of compounds not to be used in food animals.

For veterinary drugs without ADI/MRL, regulatory authorities generally adopt a
zero tolerance approach. In this situation, as the analytical capability improves, levels
that were not detectable by earlier technology become detectable and hence reportable.
Therefore, independent of any toxicological risk posed by the food product, the residues
would attract regulatory action. The countries taking a zero tolerance approach argue
that the products are not acceptable because they have evidence of use of a banned
drug in animal production and, therefore, represent violation of regulations. However,
when the levels that can be detected by extremely sensitive analytical techniques reach
concentrations approaching environmental concentrations, there could be problems for
the aquaculture operators. As discussed in later in this paper, there is increasing evidence
that this point is being reached for at least for a couple of the residues.

Table 1 shows the Rapid Alerts that appeared in the European Union market owing



Public health and trade impact of antimicrobial use in aquaculture

to residues of antibiotics in fish and fishery products. The major veterinary drugs
involved are chloramphenicol, nitrofuran metabolites and malachite green. Following
the trade disruptions caused by detection of residues, a Joint FAO/WHO Technical
Workshop on Residues of Veterinary Drugs Without ADI/MRL was held in 2002.
This technical meeting recommended that for residues of drugs without ADI/MRL,
CCRVDF should request JECFA to perform and report, if possible, an estimate of the
risks associated with the exposure to residues, as such risk estimates would be useful in
risk management, and that CAC should include consideration of cost-benefit and risk
comparisons in their risk analysis process (FAO, 2004). Use of alternate risk management
approaches that reflect the toxicological risk of the residue for regulatory analytical
methods, such as recommended performance level or a control strategy chosen by the
competent authority, were also recommended (FAO, 2004). They further emphasized
that the illegal use of veterinary drugs cannot be condoned. A Joint FAO/OIE/
WHO Expert Consultation on Antimicrobial Use in Aquaculture and Antimicrobial
Resistance was held in Seoul during 2006 (WHO, 2006). This Expert Consultation used
a risk assessment approach to address the public health impacts of antimicrobial use in
aquaculture. The hazards recognized were (a) development and spread of antimicrobial
resistance; and (b) antimicrobial residues in fish.

TABLE 1
Rapid Alerts owing to detection of residues of veterinary drugs in the European Union

Veterinary drug 2001 2002 2003 2004 2005 2006 2007 2008 2009 Total
Chloramphenicol 44 102 9 8 1 1 4 2 3 174
Nitrofuran 0 89 51 27 30 a1 31 48 89 406
(including all

metabolites)

Malachite green 0 2 11 18 50 17 9 2 5 114

ANTIMICROBIALS OF CONCERN IN AQUACULTURE PRODUCTS - EVALUATION
BY JECFA AND NATIONAL RISK ASSESSMENTS

Chloramphenicol

Chloramphenicol was evaluated by JECFA at its twelfth, thirty-second and forty-
second meetings and further commented upon in its sixty-second meeting. Bone
marrow depression is the major manifestation of chloramphenicol toxicity in humans.
Dose-related bone marrow depression is the most common form in humans, when the
daily dose of chloramphenicol is >4 g (WHO, 2004). A more serious and unpredictable
reaction is aplastic anaemia (with >50 percent mortality) that can occur at a frequency of
1 in 24 000 to 40 000 courses of treatment with chloramphenicol, but the incidence has
been reported to be associated with certain risk factors (WHO, 2004). Chloramphenicol
has ophthalmic use in human medicine, and JECFA evaluation concluded that such use
is unlikely to be associated with aplastic anaemia (WHO, 2004). JECFA also considered
the human health risk associated with low levels of chloramphenicol detected in chicken
and aquaculture products during 2001-2003. Based on levels reported by the Food
Standards Agency of Ireland, the median concentration in aquaculture products was
estimated to be 0.5 ppb. The committee noted that for preferential eaters of fish and
shellfish containing a median of 0.5 ppb chloramphenicol, the exposure would be one
order of magnitude lower than exposure from a daily ophthalmic formulation used
in human medicine (WHO, 2004). There are no reported cases of aplastic anaemia
associated with ophthalmic use of chloramphenicol. Eckert (2006) carried out a survey
of chloramphenicol residues in imported crab meat in South Australia during 2006. Six
of 17 samples tested had residues at levels ranging from 0.1 to 0.3 ppb. After reviewing
chloramphenicol toxicity data and JECFA review data, the report concluded that
the levels found in crab meat were unlikely to cause human health problems. There
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are no epidemiological records of aplastic anaemia in any country attributable to the
residues of chloramphenicol in foods. The levels of chloramphenicol residues found
in fish and crustaceans in international trade are generally low (Table 2). The highest
number of Rapid Alerts in the EU for chloramphenicol residues was in 2002 (Table
1). During early periods of residue testing, a positive reaction triggered Rapid Alerts
irrespective of the levels detected. To harmonize the reporting by member countries,
the European Commission established minimum required performance limits (MRPLs),
the analytical methods used for detection of residues of banned antimicrobials (EC,
2003). As seen from Table 2, during 2002, about one-third of the alerts were for levels
<0.3 ppb, which was adopted by the EU as the MRPL for the assay used for detection
of chloramphenicol residues. Rapid Alerts during recent years have been triggered by
levels exceeding MRPL.

TABLE 2
Levels of chloramphenicol reported in European Union Rapid Alert System for Food and Feed
alerts for crustaceans in the EU during 2002 (n = 92)

Range (ppb) Number of cases Comments

<0.3 32 Lowest level for which alert was issued was 0.07 ppb. In 18
cases, levels were not indicated, but reported as “positive”

0.3to 1.0 39

>1.0 to 5.0 13

>5.0 8 Highest level detected was 297 ppb

Nitrofurans

Nitrofurans are synthetic antimicrobials that are rapidly metabolized in animals. The
four nitrofuran groups of antimicrobials and their metabolites are shown in Table 3.
Furazolidone and nitrofurazone were evaluated by JECFA in 1993 (WHO, 1993). Based
on the positive effects of furazolidone in genotoxicity tests iz vitro and the increased
incidence of malignant tumours in rats and mice, JECFA concluded that furazolidone
is a genotoxic carcinogen and did not establish an ADI. Nitrofurazone was also
evaluated by JECFA in the same meeting, which noted that although this compound
is tumourogenic in rats and mice, the tumours produced were benign and restricted to
endocrine organs and the mammary gland (WHO, 1993). Mutagenicity studies suggest
that nitrofurazone is mutagenic 7z vitro but not in vivo. However, JECFA did not
establish ADI, as no-effect levels have not been established for tumourogenic effects.
Consequent to JECFA evaluation, use of nitrofurans in animals raised for food was
banned in many countries.

TABLE 3
Nitrofurans and their metabolites

Nitrofuran antimicrobials Metabolites

Furazolidone 3-amino-2-oxazolidinone (AOZ)

Furaltadone 3-amino-5-morpholinomethyl-1,3-oxazolidin (AMOZ)
Nitrofurantoin 1-aminohydantoin (AHD)

Nitrofurazone Semicarbazide (SEM)

Following detection of residues of nitrofurans in prawns, Food Standards Australia
New Zealand (FSANZ) performed a toxicological review and risk assessment (FSANZ,
2005). Data from the Australian Quarantine and Inspection Service and the Queensland
Health Department showed levels of 3-amino-2-oxazolidinone (AOZ) in the range of
1.1 to 40 ppb, one sample with 2.2 ppb 3-amino-5-morpholinomethyl-1,3-oxazolidin
(AMOZ), and one sample with 8.9 ppb semicarbazide (SEM). FSANZ noted that there

are no long-term dietary studies on AOZ that would enable comparison between levels at
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which AOZ would produce tumours in animals and the level of human dietary exposure
to AOZ. Nevertheless, the risk associated with exposure to AOZ was characterized
by determining the margin of exposure between the known levels of AOZ residues in
prawns for mean and high consumers of prawns and the level of the parent compound
furazolidone shown to cause tumours in animal studies. They noted that there was an
approximate 4 million-fold difference between the dietary exposure for high consumers
of prawns as compared with the dose shown to cause tumours in animal studies. At mean
exposure level, the margin between the dietary exposure and the dose causing tumours
in animals was 12 million. FSANZ concluded that even with a worst-case scenario, the
public health and safety risk from nitrofuran residues in prawns was very low.

Data in Table 1 show that the EU Rapid Alerts for chloramphenicol dropped
sharply after 2002. This could be because many fish-exporting countries took measures
to control use of banned antimicrobials in aquaculture and instituted residue control
programmes and monitoring of residues in aquaculture products as required by EU
regulation. However, the problem with nitrofurans seems to have continued or even to
have increased (Table 1). Examination of the data presented in Table 4 suggests that alerts
owing to the metabolite AOZ, which were highest in 2002, have been declining, while
alerts owing to SEM have been increasing. Therefore, there is a need to examine the issue
with SEM. The increased number of cases could also be the result of increased frequency
of testing of products from some countries that have yielded positive results.

TABLE 4
Trends in the detection of nitrofuran metabolites in fish and fishery products in the European
Union during the last three years as compared with 2002

Nitrofuran metabolites Number of cases

2002 2007 2008 2009
AOZ 50 21 18 1
AMOZ 0 1 0
AHD 0 0 0
SEM 0 12 32 76
Unspecified 13 0 2 1

Note: AOZ = 3-amino-2-oxazolidinone; AMOZ = 3-amino-5-morpholinomethyl-1,3-oxazolidin; AHD =
1-aminohydantoin; SEM = semicarbazide.

Malachite green

Malachite green was evaluated by the 17th Report of JECFA (WHO, 2009). The
Committee noted that, although the available short- and long-term studies point to
a no-observed adverse effect level (NOAEL) on the order of 10 mg/kg body weight
(bw) per day, the study on teratogenicity in rabbits, albeit of low quality, raises concern
regarding the potential developmental toxicity of malachite green. It further noted that
since a NOAEL could not be identified, additional studies would be needed to properly
address the potential reproductive and developmental hazards of malachite green.
Scientific studies indicate that following ingestion, malachite green is expected to be
extensively reduced to luecomalachite green (LMG), primarily by the gastrointestinal
microflora, before absorption, and it cannot be ruled out that LM G, the major metabolite
of malachite green, induces hepatocellular adenomas and carcinomas in female mice via
a mutagenic mode of action. Based on these considerations, the committee considered
it inappropriate to establish an ADI for malachite green and did not support the use of
malachite green in food-producing animals.
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CAN LOW LEVELS OF SEMICARBAZIDES AND MALACHITE GREEN BE
ENVIRONMENTAL CONTAMINANTS?

Recent scientific evidence shows that SEM may be naturally found in several aquatic
organisms. Saari and Peltonin (2004) detected SEM in fresh and cooked crayfish meat in
Finland, where crayfish are not medicated with nitrofurazones. Levels of up to 12 ng/g
were detected, and the source was not known. Studies by Hoenicke et al. (2004) have
shown that SEM are naturally present in seaweeds (1-3 ng/g) and shrimp (0.9 ng/g)
from the North Sea. Following increased detection of SEM in crustaceans imported
into Belgium, the Seafood Importers and Processors Alliance of Belgium sponsored a
study by the University of Ghent. Giant freshwater prawn, Macrobrachium rosenbergii,
grown under controlled conditions at the university had SEM in the shell (Moser, 2009),
showing that this compound may be naturally present in crustaceans.

Schuetze, Heberer and Juergensen (2008) noted that traces of malachite green and
LMG could be detected in wild eels caught from waters downstream from municipal
sewage treatment plants. Levels of 0.765 ppb were found in tissues of 25 of 45 eels caught
from different lakes, a river and a canal in Germany. Since malachite green has multiple
uses, they suggested that residue may originate from uses such as wash off from clothes
or paper towels coloured with malachite green or even from private aquaria, as malachite
green is legally used for treatment of ornamental fish. However, the levels detected by
Schuetze, Heberer and Juergensen (2008) were within the MRPL value of 2 ppb (for sum
of malachite green and LMG).

HEALTH HAZARD OWING TO ANTIBIOTIC RESISTANCE

Bacterial resistance to antimicrobial agents is a great public health concern. The
widespread use of antibiotics in different sectors such as animal husbandry, agriculture
and human medicine has contributed to selection and spread of antibiotic-resistant
bacteria in the environment. Antibiotic resistance genes can spread among unrelated
bacteria without any phylogenetic, ecological or geographical barriers. The 1996 Joint
FAO/OIE/WHO Expert Consultation on Antimicrobial Use in Aquaculture and
Antimicrobial Resistance identified two types of hazard with respect of antimicrobial
resistance:

* Development of acquired resistance in bacteria in aquatic environments that can
infect humans. This can be regarded as a direct spread of resistance from aquatic
environments to humans.

* Development of acquired resistance in bacteria in aquatic environments whereby
such resistant bacteria can act as a reservoir of resistance genes from which the
genes can be further disseminated and ultimately end up in human pathogens.
This can be viewed as an indirect spread of resistance from aquatic environments
to humans caused by horizontal gene transfer.

The consequences of antimicrobial resistance in bacteria causing human infections
could include increased severity of infection and increased frequency of treatment
failures (WHO, 2006). However, there are no recorded cases of human infections caused
by antibiotic-resistant bacteria from aquaculture products.

There are few human pathogenic bacteria that are commonly found in the aquatic
environment (e.g. Vibrio parahaemolyticus, V. vulnificus, V. cholerae, motile Aeromonas
spp., Edwardsiella tarda). Antibiotic resistance that cannot be linked to the use of
antimicrobials in aquaculture may be found in these aquatic bacteria. Baker-Austin et al.
(2008) found antibiotic resistance in V. parahaemolyticus isolated from water and sediment
along the coast of Georgia and South Carolina (United States of America), and resistance
frequency was slightly reduced among virulent strains compared with non-virulent
strains. Baker-Austin et al. (2009) examined antibiotic resistance in V. vulnifucus from
different sites and found no difference in antibiotic resistance frequency in isolates from
pristine and anthropologically impacted areas and suggested that the resistance traits
are naturally derived rather than from human-derived sources. A recent FAO/WHO
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risk assessment has shown that the risk of transmission of cholera through warmwater
shrimp in international trade is very low (FAO/WHO, 2005). Motile Aeromonas spp.
and non-O1 V. cholerae are rarely involved in gastrointestinal infections that are mostly
self-limiting, and such infections do not require antibiotic therapy.

Indirect spread of antibiotic resistance from aquatic bacteria and human pathogens
has been considered a possible hazard. Although some authors (e.g. Cabello, 2006)
have tried to link the antibiotic resistance seen in V. cholerae involved in the cholera
outbreak in Latin America in 1991 with bacteria present in shrimp farms in Ecuador,
Smith (2007) presented evidence that resistance plamids found in these bacteria were
earlier reported from pandemic V. cholerae strains in other countries and concluded
that no link to the pool of resistance genes in the aquaculture environment could be
established. Conclusions based on similarity of genetic determinants found in aquatic
bacteria and human pathogens need to be evaluated carefully because of the fact that the
aquatic environment receives effluents from various sectors of antimicrobial use, e.g.
human medicine (hospital effluents), agricultural use, animal husbandry and aquaculture
(fish-farm effluents). Thus, the water source used in aquaculture may be contaminated
with antibiotic residues or antibiotic-resistant bacteria derived from different sectors
(Figure 1). FAO (2008) noted that a risk analysis of the release of human and animal
effluents into aquatic environments serving as water sources for aquaculture needs to
be performed, particularly with respect to the antimicrobials identified as critically
important by WHO and OIE. Such a risk analysis would determine the appropriate
management options through which improved effluent management measures should
be implemented (e.g. measures dealing with hospital effluents). Thus, the issue of
antimicrobial resistance cannot be addressed for one sector (e.g. aquaculture) alone, but
requires a comprehensive approach involving all sectors of antimicrobial usage.

FIGURE 1
Pathways for spread of antimicrobial residues and resistant bacteria in the aquatic environment
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CONCLUSIONS

Detection of low levels of residues of certain banned antibiotics in aquaculture products
in international trade has focused attention on the public health and trade impacts of the
use of antimicrobials in aquaculture. All measures need to be taken to ensure that the
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illegal use of antimicrobials does not take place in aquaculture. At the same time, the
institution of regulatory action based on analytical capability rather than toxicological
review of the residues, the lack of Codex MRLs for antimicrobials that have been
evaluated at national/regional level, and the need to adopt harmonized risk management
measures with respect to residues of veterinary drugs without a Codex ADI/MRL are
some of the issues that need to be resolved at the international level. The current lack of
epidemiological data on the perceived public health risks and the cost of implementing
regulatory measures based on analytical capability emphasize the need for more
innovative approaches to manage this problem.
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ABSTRACT

Salmon are the most important species for aquaculture in Chile, and diseases are the
main threat to this economic activity. The most important pathogens in freshwater are
Saprolegnia sp., Flavobacter spp. and infectious pancreatic necrosis virus, while in
seawater Piscirickettsia salmonis, Caligus rogercresseyi and infectious salmon anaemia
(ISA) virus cause the most serious economic losses. Veterinary medicines have been used
since the beginning of the salmon industry to control Piscirickettsia salmonis and Caligus
rogercresseyi. However, the development of resistance has been recorded in the last few
years, with a negative effect on the industry. After the ISA virus outbreaks reported in
2007, the Chilean Government implemented a contingency plan for emerging diseases
and a surveillance programme for ISA and sea lice. Biosecurity and management plans
emphasizing good aquaculture practices have been also adopted by the Chilean salmon
industry to minimize the outbreaks of infectious disease.

INTRODUCTION

Aquacultureisanimportanteconomic activity for Chile, with 18 species under commercial
production. In 2008, the revenue generated by exportation was around US$2.693 million,
93 percent of which was generated by salmon production, 3 percent by mussel production
and 2 percent by seaweed culture. The other 2 percent was generated by the culture of
other species, including scallops and oysters (www.subpesca.cl).

Salmon are not native to the southern hemisphere; the first stocks were introduced in
Chile in 1875 to develop recreational fisheries. Salmon farming in Chile started at the end
of the 1970s, and by 1992 Chile had become the second-largest salmon producer after
Norway, with a growth rate of about 20 percent per year.

In comparison with the 500 tonnes produced in 1984 in Region X, Chilean salmon
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production reached 630 653 tonnes in 2008. Three salmon species contributed to this
total: Atlantic salmon (Salmo salar) — 60 percent; coho salmon (Oncorbynchus kisutch) —
20 percent; and rainbow trout (O. mykiss) — 20 percent (Figure 1). In 2007, 71 percent of
the salmon was produced in Region X, 28 percent in Region XI, and 1 percent in Region
XII (Figure 2).

FIGURE 1
Annual salmon production in Chile by salmon species, 1985-2008 (thousand tonnes)
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FIGURE 2
The three regions where salmonids are farmed in Chile (Region X; XI and XII)
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SANITARY SITUATION OF THE SALMON INDUSTRY IN CHILE

Since the beginning of salmon farming activity, diseases have always presented a
major threat. In the beginning, the important pathogens affecting farmed salmon were
Renibacterium salmoninarum causing bacterial kidney disease, which was introduced
from the United States of America to Chile through the movement of infected eggs of
coho salmon (Wood, 1970); Piscirickettsia salmonis causing salmon rickettsial syndrome
(SRS), reported in 1989 (Bravo and Campos, 1989); and Saprolegnia sp. and the copepod
parasite Caligus (Reyes and Bravo, 1983). The two last pathogens are present in wild fish
and transmitted to farmed salmon.

This fledgling industry was mainly supported by salmon eggs imported from different
countries of the northern hemisphere and from New Zealand (Table 1). However,
because of the increase in the number of pathogens introduced since 1992 (Table 2) and
the evidence that the movement of eggs is an important risk factor for the introduction
of pathogens transmitted vertically from infected parents, since 1998 the salmon industry
has been mainly supplied by domestically produced salmon eggs. This is despite the
importation of over 298 million salmon eggs in 2007 and 2008, which corresponds to the
highest importation of eggs during the entire period (Figure 3). In 2008 about 85 percent
of the imported eggs were those of Atlantic salmon, with the remaining 15 percent being
those of rainbow trout; a difference from the previous years when 60 percent of the
imported eggs came from Atlantic salmon.

FIGURE 3
Salmon eggs supplied to Chile by year and source (thousand tonnes)
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Note: * indicates only partial information available for 2009.
Source: SERNAPESCA.

The salmon industry in Chile was severely affected when the virus causing
infectious salmon anaemia (ISA) was reported in July 2007. The main factors
that contributed to the sanitary crisis were:
e the salmon industry was partially supplied by eggs imported from countries of the
northern hemisphere where ISA is present;
e weak sanitary regulations without clear penalties;
® lack of a contingency plan for emerging diseases;
® high concentration of farms in limited areas and high stocking of salmon per farm
(>3 000 tonnes/farm);
® many farms of different owners sharing the same area, close to each other, and
without agreements of “all in-all out” policy, and a lack of coordination in
stocking of smolts;
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® sites operating for more than 20 years without fallowing;

* high number of transportation routes for well boats;

e inefficient biosecurity practices without focus on fish farming activities;

° lack of treatment of effluents and wastes from the processing plants and
slaughterhouses; and

® poor management of mortalities in farms and hatcheries.

TABLE 1
Countries of origin from which salmon eggs have been imported to Chile
Country Atlantic salmon Coho salmon Rainbow trout Chinook salmon
Denmark X X
Scotland X
Ireland X X
Norway X X
United Kingdom X X
Sweden X X
Faroe Islands X
Finland X
Iceland X X
United States X X X
Canada X
New Zealand
Source: SERNAPESCA.
TABLE 2
Exotic pathogens/diseases reported from farmed salmon in Chile, 1983-2007
Year Pathogen/disease Reference
1970 Renibacterium salmoninarum (bacterial kidney disease) Wood, 1970
1983 Infectious pancreatic necrosis virus (IPN VR-299) McAllister & Reyes, 1984
1984 Piscirickettsia salmonis (salmon rickettsial syndrome) Bravo & Campos, 1989
1992 Yersinia ruckeri (enteric redmouth disease) Bravo, 1993
1993 Flavobacter psychrophilus (rainbow trout fry syndrome) Bustos et al., 1995
1995 Aeromonas salmonicida atypica Bravo, 1999
1995 Nucleospora salmonis Bravo, 1996
1998 Infectious pancreatic necrosis virus (IPN sp.) Unpublished
2000 Streptococcus phocae Unpublished
2003 Vibrio ordalii Colgquhoun et al., 2004
2004 Listonella (Vibrio) anguillarum Unpublished
2006 Francisella sp. Birkbeck et al., 2007
2007 Infectious salmon anaemia (ISA) Godoy et al., 2008

REGULATIONS APPLIED TO AQUACULTURE IN CHILE

The first regulations on fish health were implemented in 1984 by the Undersecretariat
of Fisheries (SUBPESCA). In 1995, the National Fisheries Service (SERNAPESCA)
implemented regulations governing pharmaceutical products for veterinary use. All
pharmaceutical products, as well as generic products allowed to be marketed in Chile, have
to be approved by the Agriculture and Livestock Service (SAG) (Table 3). SERNAPESCA
belongs to the Ministry of Economy, SAG to the Ministry of Agriculture, and the Institute
of Public Health of Chile to the Ministry of Health. The organizational structure and
interrelationships of the bureau units involved in the aquaculture regulations are shown
in Figure 4.
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TABLE 3
Antimicrobial agents permitted by the official authority for application in aquaculture in Chile
Antimicrobial agent Wit_hdrawal Antiparasitic Wit_hdrawal
period agent period
Oxolinic acid 450 °d Emamectin benzoate 1500 °d
Flumequine 300 °d Hydrogen peroxide 0°d
Oxytetracycline 600 °d Deltamethrin 130 °d
Erythromycin 500 °d Diflubenzuron 350 °d
Florfenicol 300 °d Bronopol 70 °d
Amoxycillin 70 °d Saprofin 0 °d
Sulfatrimethoprim 300 °d Benzalkonium chloride 0 °d
Cloramine-T 50 °d
°d: degree-days
Source: www.sag.ch
FIGURE 4

Organizational structure of the governmental institutions involved in aquaculture activity
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Through the years, SUBPESCA has implemented the following regulations in order
to maintain a sustainable aquaculture sector:

® 1984: First Fish Health Regulation;

® 1991: General Act for Fisheries and Aquaculture;

® 1994: General Act for Environment;

e 2001: Sanitary Regulations for Aquaculture; and

e 2001: Environmental Regulations for Aquaculture.

In addition, SERNAPESCA has established several norms in the framework of the
Sanitary Regulations for Aquaculture for farmed salmon (Table 4) and farmed shellfish
(Table 5). SERNAPESCA also has implemented the following programmes in order to
minimize outbreaks of disease:

® 2007: surveillance programme for sea lice;

® 2007: surveillance programme for ISA; and

® 2007: biosecurity measures.

ANTIMICROBIAL AGENTS USED BY THE AQUACULTURE SECTOR IN CHILE

Since 2007, farmers must declare to SERNAPESCA (National Fisheries Service) the
types and amounts of medicine used to control diseases in aquatic organisms. However,
SAG is the institution that gives the authorization for the marketing of veterinary
medicinal products intended for aquatic species (Table 3). The withdrawal period values
correspond to the accumulated degree days established by the respective pharmaceutical
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companies to meet the maximum residual limits (MRLs) imposed by the international
markets (Table 6) and authorized by the Institute of Public Health of Chile.

Salmon are the main aquaculture species reared in Chile, and the three major pathogens
for which medicines are applied are Piscirickettsia salmonis, Caligus rogercresseyi and
Saprolegnia sp. Antibacterial medicines are mainly administered in the feed, while a
variety of antiparasitics and pesticides may be used either by bath or by addition to the
feed to control parasitic infestations.

Since 1995, veterinarians are the only professionals allowed to prescribe medicines for
aquatic organisms in Chile, and the diagnosis of fish health has been mainly conducted
by private laboratories, with the authorization of the official authority. To date, Chile has

not established a National Reference Laboratory.

TABLE 4
Sanitary regulations for farmed salmon
Programme Resolution Code

Programa Sanitario General de Vacunaciones N° 60 PSGV-60
ZrlggrRair:Saggaenr:tsgcoesEs(E:chjlco de Vigilancia Activa de Enfermedades de N 61 PSEVA-61
Programa Sanitario General de Investigacion Oficial de Enfermedades N° 62 PSGI-62
rr:?c?rrri?c?ésnaZEaLZ?)()Grg?g:iil de Registro de Datos y Entrega de N° 63 PSGL-63
Programa Sanitario General de Procedimiento de Transporte N° 64 PSGT-64
Programa Sanitario General de Desinfeccion de Ovas de Salmonideos N° 65 PSGO-65
Programa Sanitario General de Manejo de Mortalidades N° 66 PSGM-66
Programa Sanitario General de Manejo de Enfermedades N° 67 PSOE-67
Programa Sanitario General de Manejo de Desechos N° 68 PSGD-68
Programa Sanitario General de Procedimientos de Cosecha N° 69 PSGR-69
E;(zg;ama Sanitario General de Manejo Sanitario de la Reproduccién de Ne 70 PSGR-70
Programa Sanitario General de Manejo de Alimentos N° 71 PSGA-71
E:gg;acrz}aé:zrgt;:coefeneraI de Limpieza y Desinfeccion aplicable a la N 72 PSGL-72
Programa Sanitario General de Control de Residuos N° 1925 PSGRES-1925
:’rll';)egcrcaicrgg ZaeTi;c:;'riT?éispeciﬁco de Vigilancia y Control de la Anemia NP 2638 PSEC-ISA
Programa Sanitario Especifico de Vigilancia y Control de la Caligidosis N° 2117 PSECV-Caligidosis
Source: www.sernapesca.cl.

TABLE 5

Sanitary regulations for farmed shellfish
Programme Resolution | Code
Programa Sanitario General de Limpieza y Desinfeccidn aplicable a la ° PLDM-1803
produccién de Moluscos N° 1803
Programa Sanitario General de Procedimientos de Cosecha para Moluscos N° 1804 PMC-1804
Programa Sanitario General de Manejo de Desechos de Moluscos N° 1805 PDM-1805
Programa Sanitario General de Enfermedades de Moluscos N° 1806 PEM-1806
Programa Sanitario General de Procedimiento para Transporte de Moluscos N° 1807 PSGTM-1807
Programa Sanitario General de Investigacion Oficial de Enfermedades de N° 1808 PIOM-1808
Moluscos
Programa Sanitario Especifico de Vigilancia Activa para Enfermedades de Alto ° PVM-1809
Riesgo (EAR) en Moluscos N° 1809

Source: www.sernapesca.cl.

Maximum residue limits (MRLs)

The main market for Atlantic salmon is the United States of America, whereas the
market for coho salmon and rainbow trout is Japan. Chilean products have to fulfil the
requirements established by the international markets (Table 6).
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TABLE 6
MRLs in flesh and skin of fish allowed for the different markets
United European
Antimicrobial agent States Union Japan Chile

Oxytetracycline 2 000 pg/kg 100 pg/kg 200 pg/kg 100 pg/kg
Oxolinic acid Absence 100 pgrkg Absence 100 pg/kg
Flumequine Absence 600 pg/kg Absence 600 pg/kg
Sulfadiazine Absence 100 pg/kg Absence Absence
Trimetropim Absence 50 pg/kg Absence Absence
Florfenicol Absence 1 000 pg/kg Absence 1 000 pg/kg
Erythromycin Absence 200 pg/kg Absence 200 pg/kg
Enrofloxacin Absence 100 pg/kg Absence Absence
Amoxycillin Absence 50 pg/kg Absence Absence
Spiramycin Absence Absence 200 pg/kg Absence
Ivermectin Absence Absence Absence Absence
Emamectin benzoate Absence 100 pg/kg Absence 100 pg/kg
Diflubenzuron Absence 100 pg/kg 100 pg/kg -
Deltamethrin Absence 10 pa/kg 30 pgrkg -

Source: SERNAPESCA.

Antibacterials

Although a wide range of bacterial pathogens have been reported in Chile, Piscirickettsia
salmonis is the main pathogen for which a broad range of antibacterial drugs available in

Chile are being used (Table 7).

TABLE 7

Antibacterial products used to control bacterial diseases in Chile

Disease Antibacterial Administration | Dose Administration
agent period
Seawater

Salmon rickettsial

syndrome Flumequine In feed 20-30 mg/kg fish/day 14-21 days
Oxolinic acid In feed 20-30 mg/kg fish/day | 14-21 days
Oxytetracycline In feed 100-120 mg/kg fish/day | 14-21 days
Oxytetracycline Injection 30-35 mg/kg fishay
Florfenicol In feed 20 mg/kg fish/day 10-14 days

Bacterial kidney disease Erythromycin In feed 100 mg/kg fish/day 21 days
Erythromycin Injection 20 mg/kg fish
Oxytetracycline In feed 100-120 mg/kg fish/day | 21 days

Atypical furunculosis Flumequine In feed 20-30 mg/kg fish/day | 14-21 days
Oxolinic acid In feed 20-30 mg/kg fish/day | 14-21 days

Vibriosis Flumequine In feed 20-30 mg/kg fish/day | 14-21 days
Oxolinic acid In feed 20-30 mg/kg fish/day | 14-21 days
Oxytetracycline In feed 100-120 mg/kg fish/day | 14-21 days

Streptococcosis Oxytetracycline In feed 100-120 mg/kg fish/day | 21 days
Erythromycin In feed 50-100 mg/kg fish/day | 12-21 days
Florfenicol In feed 20 mg/kg fish/day 10-14 days

Freshwater

Flavobacteriosis Florfenicol In feed 20-25 mg/kg fish/day | 10-14 days
Florfenicol Bath 20 ppm 1 hour
Oxytetracycline In feed 100-120 mg/kg fish/day | 14-21 days
Oxytetracycline Bath 40-100 ppm 1 hour
Amoxycillin In feed 80-100 mg/kg fish/day | 7-10 days
Amoxycillin Bath 80 ppm 1 hour

Yersiniosis Sulfatrimethoprin | In feed 33 mg/kg fish/day 7-10 days

Source: Aquatic Health Laboratory (2004).

To determine the amount of antibacterial products that has been used in aquaculture,
information was collected from the results obtained through the project FIP 2003-28,
where a survey of the chemicals used by Chilean aquaculture was carried out for the
period 1999-2003 (Bravo et al., 2005). The information for the years 2007-2008 was
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supplied by the Ministry of Economy. No official information was available for the
period 2004-2006 (Table 8). The amount of antibacterial products increased from 0.276
kg of active ingredient/tonne of salmon produced in 2003 to 0.648 kg of active ingredient/
tonne of salmon produced in 2007.

TABLE 8
Amount of antibacterial products (active ingredient) used to control bacterial diseases in Chile
during the period 1999-2008

A((:}(iv;e ingredient | 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

g

Oxolinic acid 19222 19180 (25168 |39829 (37940 |- - - 78 582 | 25325
Amoxycillin 0 0 0 0 0 - - - 1732 349
Enrofloxacin 502 228 76 114 51 - - - 0 0
Erythromycin 1810 1950 1464 1720 937 - - - 2139 7 981
Florfenicol 211 396 597 299 5484 - - - 143 009 (184 715
Flumequine 19779 |30046 |[61364 |51738 (70005 |- - - 74773 |32293
Oxytetracycline | 16738 (18251 (44962 (26100 |19644 |- - - 89309 |74931
Sulfatrimethoprin | 93 198 185 118 103 - - - 91 22

Total 58354 |70249 133815 119917 [134163 |- - - 385635 | 325617
Salmon 569 146 |614 139 | 647 263 | 600 835 | 630 647
production 230 189 |342 407 |504 422 | 482 392 | 488 256

Kg active - - - 0.64 0.52
ingredient/tonne | 0.25 0.21 0.27 0.25 0.28

Source: Bravo et al., 2005

Antiparasitic agents

In freshwater, several protozoan parasites transmitted from wild fish have been reported
in salmon reared in lakes. Most of them are controlled with formalin applied by bath.
However, the most important pathogen is the aquatic fungus Saprolegnia sp., for which
several antifungal products have been tested after the use of malachite green was banned.
Among these, salt (NaCl) is the most popular product used in hatcheries, followed by
bronopol.

Since the first confirmed report of Caligus affecting coho salmon reared in seawater
(Reyes and Bravo, 1983), several medicinal products have been used in an attempt to keep
the parasite under control. As in the northern hemisphere (Costello, 1993; Roth, Richards
and Sommerville, 1993), bath treatments followed by oral treatments were initially used.
Metriphonate (Neguvon™) was the first product used to control sea lice between the
years 1981 and 1985. This was replaced by dichlorvos (Nuvan™) from 1985 to 2000.
Ivermectin administered in feed was introduced in Chile at the end of the 1980s.

Emamectin benzoate (EMB) was exclusively used during the period from 2000 to 2007
until evidence of resistance was reported in Caligus rogercresseyi (Bravo, Sevatdal and
Horsberg, 2008). The product Slice™, developed by Schering-Plough Animal Health,
was initially the only emamectin product available to control this parasite. However,
three standard products of emamectin supplied by other pharmaceutical laboratories
became rapidly available at a lower cost.

Table 9 contains information about the amount of chemicals used to control sea lice
in Chile during the period 1999-2008. The information for the period 1999-2003 was
generated by the project FIP 2003-28 (Bravo et al., 2005), while the information for the
years 2007-2008 was supplied by SERNAPESCA. The information for the period 2004—
2006 was supplied by a pharmaceutical company in Chile. The amount of EMB utilized
increased significantly in 2007, reaching 1 503g/tonne of salmon produced.

Because of the inefficiency of EMB in the treatment of C. rogercresseyi, hydrogen
peroxide (H,O,) was the only alternative sea lice treatment in the period from February
to September 2007. Pyrethroid deltamethrin was introduced in September 2007. Two
years later (April 2009), the chitin synthesis inhibitor diflubenzuron was introduced.
This was done in order to facilitate the rotation of antiparasitic agents with a view to
reducing the development of resistance.
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TABLE 9
Amount of antiparasitic products (active ingredient) used to control sea lice in Chile during the
period 1999-2008

Active ingredient | 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
(kg)

Emamectin 25 52 77 121 127 149* 212* 326* 906* 285.0
benzoate (EMB)

Salmon production | 230 159 | 342 406 | 504 422 | 482 392 | 486 837 | 569 146 | 614 139 | 647 263 | 600 835 | 630 647
(tonnes)

g EMB/tonne 0.109 0.152 0.153 0.251 0.260 0.262 0.345 0.504 1.503 0.452
(salmon)

lvermectin 7 20 10 3 3 - - - 0 0
Diflubenzuron 0 0 0 0 0 - - - .99 162.0
Cypermethrin 0 0 0 0 6 - - - 0 0
Deltametrin 0 0 0 0 0 - - - 5.2 105.2
Dichlorvos 0 1.6 3.4 0 0 - - - 0 0

Note: * data obtained from a pharmaceutical company
Source: Bravo et al., 2005

In contrast to Norway and Scotland where several wrasse species (family Labridae)
are used as a successful biological control (Kvenseth and Andreassen, 2003; Treasurer,
2005), no wild marine fish that could act as cleaner fish have been identified in Chilean
waters. Furthermore, a number of alternative control measures such as the use of onions
in pens and garlic in feed have been tested in the past without evidence of any effect.

Sensitivity of Piscirickettsia salmonis to control treatments

Although P, salmonis is the most important pathogen affecting the salmon industry in
Chile and for which a broad range of antibacterial drugs are available, there is no official
information about the sensitivity of this intracellular pathogen to the antibacterial
products used for its control.

At the beginning of salmon production in Chile, just two outbreaks of SRS were
recorded during the whole production cycle of the affected salmon species, one in autumn
and the other in spring. Antibacterial agents used to control the disease were relatively
effective, their effectiveness depending on the level of infection. However, since 2005
six outbreaks of SRS per production cycle have been reported in several sites, and the
concentrations and period of application of the antibacterial products have increased
through the years. That increase is in some way an indicator of the loss of sensitivity
developed by P. salmonis to the antibacterial agents used in its control. In fact, Table
8 shows that the total amount of antibacterials used in salmonid production increased
from 0.25 kg active ingredient/tonne in 2002 to 0.65 kg active ingredient/tonne in 2007.

To date, the only information available about the sensitivity shown by P salmonis
to antibacterial agents is presented in a thesis on veterinary medicine (Barria, 2008).
The results presented in this thesis showed that there is no standardization of the
methodology and procedures used to evaluate sensitivity among the different fish health
diagnostics laboratories in Chile. Besides, the criteria used to define sensitivity/resistance
through the disc diffusion size or minimum inhibitory concentration corresponds to the
standards developed by the National Committee for Clinical Laboratory Standards for
antimicrobial disk and dilution susceptibility tests for bacteria isolated from animals and
were not developed for aquatic animals.

Sensitivity of Caligus rogercresseyi to control treatments

Efficacy of oral treatments

Ivermectin was used in Chile from the end of the 1980s until the end of the 1990s to
control Caligus rogercresseyi. At the end of the 1990s, EMB was introduced onto the
Chilean market. Both products showed high efficacy against all developmental stages of
C. rogercresseyi. In 2000, EMB was approved by SAG as the only chemotherapeutant
permitted for use in the control of sea lice. This compound was exclusively used up until
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2006, when resistance of C. rogercresseyi to EMB began to become apparent. Bioassay
methodology was implemented to assess the sensitivity of C. rogercresseyi to EMB, as
developed for the pyrethroid deltamethrin by Sevatdal and Horsberg (2003) and adapted
for EMB in C. rogercresseyi (Bravo, Sevatdal and Horsberg, 2008) in the framework of
the project FONDEF- D0411255 (Bravo et al., 2008).

The loss of sensitivity in both Atlantic salmon and rainbow trout was recorded in
farms distributed throughout Region X in 2006. The recommended dosage of 50 pg
active ingredient/kg fish/day for a period of 7 days did not give the same effect as that
recorded when the product was initially introduced. As a result, some farmers decided to
increase the dosage up to 100 pg of active ingredient/kg fish/day and also to increase the
treatment period up to 10 days. The number of treatments per production cycle was also
increased (Bravo er al., 2008). This facilitated the development of resistance by allowing
selection of resistant strains. The loss of effect was attributed to the use of similar products
for at least 16 years, 10 years with the avermectin ivermectin followed by 6 years with
another avermectin, EMB (Bravo, Sevatdal and Horsberg, 2008). Results of the bioassay
applied to seven successive generations from a presumably resistant population of C.
rogercresseyi that was cultivated in the laboratory without the selection pressure of the
antiparasitic drug showed that there was no recovery of sensitivity over the seven inbred
generations studied. This may point to a long-standing resistance problem against EMB
(Bravo, Sevatdal and Horsberg, 2010).

Efficacy of bath treatments

Bath treatments were initially used in Chile to control sea lice in the salmon industry.
The organophosphate metriphonate (Neguvon™) was first used and later replaced by
dichlorvos (Nuvan™). Both products were only effective against the adult stages, having
no effect on the chalimus stages. However, in contrast to Norway, Scotland and Ireland,
where resistance problems were reported towards organophosphates (Jones, Sommerville
and Wooten, 1992), the parasites were kept under control in Chile without evidence of
resistance problems, perhaps because salmon production was relatively low during the
first years.

Because of the development of resistance of C. rogercresseyi to EMB in 2007, alternative
treatments for controlling sea lice in the Chilean salmon industry were explored.
H,O; applied as a 20-minute bath treatment at a concentration of 1 500 ppm showed a
significant reduction in the number of adult parasites 24 hours after treatment. However,
results obtained from the field and from laboratory studies indicated that H,O, did not
give adequate results (Bravo et al., 2010). Most of the parasites detached from the fish
were able to recover completely after 10 minutes and were capable of reinfesting the fish.
Similar observations were reported by Johnson, Constible and Richard (1993) under
laboratory conditions.

The pyrethroid deltamethrin (AlphaMax™) was authorized to control sea lice in
Chile in September 2007. As treatment failures against Lepeophtheirus salmonis with this
compound had been reported in Norway in 1998 (Denholm et al., 2002; Sevatdal and
Horsberg, 2003), the sensitivity of this compound was tested on C. rogercresseyi before
introducing the deltamethrin treatment to Chile. The tests revealed values of sensitivity
(ECs0) 0f 0.36 ppb, similar to sensitivities seen in pyrethroid-sensitive L. salmonis. After 14
months of use, a decrease of sensitivity of C. rogercresseyi to deltamethrin was recorded,
similar to the findings of Sevatdal (2005) for L. salmonis in Norway. In Norway, Sevatdal
et al. (2005) reported reduced sensitivity to pyrethroids in geographically isolated areas,
but this disappeared after fallowing of the sites. A similar situation should be recorded in
Chile, although the distances between fish farms are shorter than in Norway.

VACCINES
Vaccines have proven effective tools to prevent outbreaks of bacterial diseases in fish
(Midtlyng, 1997, 2005), and are seen as the main reason for the dramatic reduction of
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antimicrobial drug use in salmon culture in Norway (Grave et al., 1990, 1999). The use
of fish vaccines in Chile began in the early 1980s when the first stocks of coho salmon
were vaccinated against vibriosis before transfer to seawater (Bravo and Midtlyng, 2007).
However, after some years, this practice was discontinued because there was no evidence
of the presence of this disease in Chile. Yersiniosis vaccines came into use again in 1995
following the first occurrence of enteric redmouth disease in Atlantic salmon in 1992
(Bravo, 1993). In Chile, animal vaccine products (including fish vaccines) require a
marketing authorization issued by SAG.

Altogether, 41 vaccine product licences were obtained by eight pharmaceutical
companies between 1997 and 2009 (Annex I). Among these were five vaccines against
SRS, one of them recombinant and one administered in feed; four vaccines against
ISA, one of them recombinant and one administered in feed; and eight vaccines against
infectious pancreatic necrosis (IPN), one of them administered by immersion and one
administered in feed. Twenty-two were combination vaccines containing two or more
antigens in the same formulation; all of them included the IPN antigen and 11 included
the SRS antigen.

The first bivalent fish vaccine for immersion, Fryvac 2 (against Flexibacter columnaris
infection and yersiniosis), was launched in 1999. The first trivalent injectable vaccine,
Alpha Ject 3-2 (against IPN, furunculosis and vibriosis), was introduced in 2004. In
addition, authorization to produce and sell autogenous vaccines against infections with
Flavobacter psychrophilum, Streptococcus spp. and Vibrio spp. was issued, and this is
likely to reduce the amount of antimicrobial drugs used for control of these diseases.
SAG issued the first authorization to market a recombinant vaccine against SRS in 2004,
and vaccines against ISA were introduced in 2008.

BIOSECURITY MEASURES
SERNAPESCA has implemented biosecurity measures since 2007, when outbreaks of
the ISA virus were declared for the first time, to keep this disease under control. The
measures include:
e coordinated stocking and fallowing of sites;
e only one generation in each site: all in-all out;
® no movement of fish between sites;
no contact between sites — equipment used in one site at a time;
disinfection of well boats;
cleaning and disinfection of equipment;
regulations on disinfection of wastewater from slaughterhouses and processing
plants;
e regulations on mortality disinfection and disposal;
® zonation of areas for sanitary management; and
e vaccination of stocks before transfer to seawater.

CONCLUSIONS

In Chile, antimicrobial treatments have been mainly used in an attempt to control
Piscirickettia salmonis and Caligus rogercresseyi. Evidence of the development of
resistance in the field has been recorded for both pathogens. However, until now only
C. rogercresseyi has been the object of studies to assess the sensitivity of the pesticides
used for its control. In fact, a surveillance programme has been implemented since 2007,
which focuses on an Integrated Pest Management (IPM) approach with rotation of the
available treatments through an annual plan and plans for area fallowing and sanitary
actions to reduce the dispersal of sea lice.

Considering the intracellular nature of the infection caused by P salmonis, the
effectiveness of the antimicrobial agents used for its control is relative and some of the
agents may never have been efficacious. Itis suggested for this reason that P salmonis would
have to be treated as clinically resistant (P. Smith, personal communication). Inactivated
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vaccines against SRS have been available in Chile since September 1998. However, their
efficacy has not been completely successful, which has forced the continued use of
antibacterial drugs to control the disease despite vaccination. It is believed that a rapid
progress in vaccination against SRS is the single strongest factor that may contribute to
a rapid reduction of antibiotic use and resultant residue emissions in the coastal areas of
southern Chile.

Since the first ISA outbreaks were reported in 2007, the Chilean salmon farmers
have understood that prevention and good management practices based on biosecurity
measures are the best tools to minimize outbreaks of disease, and that the use of veterinary
medicines is not a solution to management problems.
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ANNEX |

Fish vaccine products supplied to the Chilean market as of December 2009 2

Product Name

Formulation

Disease

Manufacturer

Alpha Ject 3-3

Inactivated/Injection

Atypical furunculosis +

Pharmagq AS Chile Ltda.

Vibriosis + IPN

Compact VIAS Inactivated/Injection | Vibriosis + Furunculosis + IPN | Intervet Chile Ltda
Alpha Ject 1000 Inactivated/Injection | IPN Pharmaq AS Chile Ltda.
Agrovac SRS Inactivated/Injection | SRS Agrovet Ltda.
Alpha Ject 2-3 Inactivated/Injection | Vibriosis + IPN Pharmagq AS Chile Ltda.
Compact IPN Inactivated/Injection | IPN Intervet Chile Ltda
Rickettvac Oleo Inactivated/Injection | SRS Recalcine S.A.
Bayovac SRS ﬁ;‘z{?obr:“a”t protein/ | spg Bayer S.A.
Aquavac IPN Inactivated/Injection | IPN Schering Plough Cia. Ltda.
Aquavac IPN Oral |Inactivated/Oral IPN Schering Plough Cia. Ltda.
Birnagen Forte Inactivated/Injection | IPN Novartis Chile S.A.
Birnagen Forte V | Inactivated/Injection |IPN + Vibriosis, Novartis Chile S.A.
Birnagen Forte AV | Inactivated/Injection |IPN + Vibriosis +Furunculosis Novartis Chile S.A.
Agrovac IPN Inactivated/Injection | IPN Agrovet Ltda.
Vibriosis Inactivated/Injection | Vibrio ordalii Centrovet Ltda.
Ipe-Vac Inactivated/Immersion | IPN Veterquimica Ltda.

Inactivated/Injection | IPN Centrovet Ltda.

Birnagen Forte 3

Inactivated/Injection

IPN + Vibrio ordalii + SRS

Novartis Chile S.A.

Inactivated/Injection

SRS

Centrovet Ltda.

Alpha Ject 4-1

Inactivated/Injection

Atypical Furunculosis + Vibriosis +
SRS + IPN

Pharmaq AS Chile Ltda.

Agrovac 4

Inactivated/Injection

SRS + IPN+ Vibriosis + Furunculosis

Agrovet Ltda.

Birnagen Forte 4

Inactivated/Injection

IPN + Vibrio ordalii + Atypical
Furunculosis + SRS

Novartis Chile S.A.

Birnagen Forte 2

Inactivated/Injection

IPN + SRS

Novartis Chile S.A.

Agrovac 3

Inactivated/Injection

SRS + IPN + Vibriosis

Agrovet Ltda.

Alpha Ject Micro 3

Inactivated/Injection

Vibriosis + SRS + IPN

Pharmaq AS Chile Ltda.

Inactivated/Injection

IPN + Vibrio ordalii + SRS

Centrovet Ltda.

Aquavac Vibrio Oral | Inactivated/Oral Vibrio ordalii, Schering Plough Cia. Ltda.
Inactivated/Injection | IPN + SRS Centrovet Ltda.

Agrovac 2 Inactivated/Injection | IPN + Vibriosis Agrovet Ltda.
Inactivate /Injection Vibrio ordalii + IPN Centrovet Ltda.

Alpha Ject Micro 2 | Inactivated/Injection | SRS + IPN Pharmaq AS Chile Ltda.

Bayovac 3,1 Fn‘?;‘z{?:r:”a”t protein/ | \pn4 sRs Bayer S.A.
Inactivated/Oral SRS Centrovet Ltda.
F:jgg{?fr:nant protein/ ISA Centrovet Ltda.
Inactivated/Injection Zﬁ;pﬁ!;'\#:rllrﬁ[:ﬁ)g;dam + Centrovet Ltda.
Inactivated/Injection | SRS + IPN + Vibriosis Recalcine S.A.
Inactivated/Injection | ISA + IPN + Vibriosis + SRS Recalcine S.A.
Inactivated/Injection | ISA Novartis Chile S.A.

Agrovac-ISA Inactivated/Injection | ISA Agrovet Ltda.

Agrovac 3 + ISA Inactivated/Injection | SRS + IPN + ISA Agrovet Ltda.
Inactivated/Oral ISA Centrovet Ltda.

'Source: www.sag.cl, December 2009.
2IPN = infectious pancreatic necrosis; ISA = infectious salmon anaemia; SRS = salmon rickettsial syndrome.
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ABSTRACT

In all aspects of health care, the first step toward minimizing the risk of any disease or
malady is prevention. In aquaculture, the preventive measures intended to reduce the risk
of disease occurring in the produced animals can be called good aquaculture practices, best
management practices, biosecurity measures, etc., but they all have the intended purpose
of preventing diseases from occurring and having to use a chemotherapeutic agent to treat
the animals. Therefore, developing and implementing a preventive measures programme is
the first step in the prudent and responsible use of veterinary medicines (antimicrobials)
in aquatic food production. Overall basic GAgPs include good hatchery management
practices, good grow-out conditions, good environmental controls and good primary
processing. For this paper, those GAqPs that can also help minimize bacterial resistance
will be discussed. They are generally those that will reduce stress and promote animal
health and quality, thus reducing the need for chemotherapeutic intervention. In this case,
they can be putin three basic categories: (i) GAqPs for hatcheries and farms; (i) GAqPs for
regulators; and (iii)) GAqPs for academia, health providers and biologists.

INTRODUCTION

Good aquaculture practices (GAqPs) can generally be defined as those preventive
measures that once developed and properly implemented — according to the species
cultured, the local environmental conditions and the aquaculture system being used —
can help assure that aquacultured animals are maintained healthy, are safe to consume
and do not impede trade, are produced in a sustainable manner, and are a high-quality
product.

GAQPS FOR HATCHERIES AND FARMS
Specific GAQPs for hatcheries and farms are a combination of preventive measures that
are intended to reduce stress and maintain a healthy animal.

It is normally understood that the occurrence of disease is a combination of the
health of the animal, the condition of the environment and the presence of a pathogen.
Klesius, Shoemaker and Evans (2003) described how disease was the result of a weakened
immune system of the culture animal that causes neuroimmune changes resulting in stress
and infection. Therefore, if infectious agents are excluded and stress is reduced, disease
outbreaks are much less likely to occur.



26 Improving biosecurity through prudent and responsible use of veterinary medicines in aquatic food production

Lightner (2003) identified ways of excluding pathogens from stock (i.e. postlarvae
and broodstock), especially through the use of quarantine and specific pathogen-free
certified stocks, excluding vectors and external sources of contamination, and preventing
internal cross-contamination.

Horowitz and Horowitz (2003) described the physical, chemical and biological
precautionary measures to be taken, as well as a second line of defense against potential
disease outbreaks. From this concept, as well as others, some preventive GAqPs for
hatcheries and farms can be summarized as follows:

® Physical. These are, generally, measures that are intended to prevent disease-carrying
vectors from entering a hatchery or farm site, and include, among other things,
physical barriers, water treatment and quarantine. Physical can also be those
measures that reduce stress, such as not overcrowding animals in pens or ponds;
proper locating of farming operations; and avoiding inconsistent or improper
temperatures, consistent dissolved oxygen problems, excessive handling, physical
abuse and inadequate diets.

e Chemical. These include those measures that are used to prevent the introduction
of pathogens or vectors by treating materials before they enter a facility. For
example, chlorination or ozonization can be used to treat incoming water, and
iodine and chlorine can be used to treat other potential vectors such as tools,
footwear and clothing.

® Biological. These include those measures that prevent or treat infections, such as
the prompt and effective use of proper chemotherapeutics or the use of vaccines.
They may also include the use of specific pathogen-free shrimp. Biological
GAQqPs for hatcheries and farms also include management practices to prevent
pathogen or bacterial contamination of aquaculture products, grow-out ponds or
cages, and the environment. This includes having proper toilet facilities, sanitary
waste removal, healthy workers, effluent treatment and site security.

Other GAqPs for hatcheries and farms include practices that prevent the spread of
pathogens, as well as the agents used for prevention (e.g. sanitizers, vaccines) or treatment
of animals (e.g. antibiotics, antifungal medications), from contaminating the environment.
This also includes keeping accurate and complete records of grow-out parameters, the
start and end dates of chemotherapeutic use, withdrawal times, and bought and sold
information.

GAQPS FOR REGULATORS

GAqPs for regulators are generally those meant to ensure that only approved
chemotherapeuticagentsareavailableand used, thatthey areused properly (i.e. particularly
that withdrawal times are properly calculated and followed), and that records are kept.
This includes: conducting farm, hatchery, inspecting feed mill and veterinary medical
product locations; restricting the entry of chemotherapeutic agents and their components
at the border; ensuring that only those properly trained in chemotherapeutic diagnosis
and application have access to drugs; collecting and analyzing verification samples for
residues; checking records; and training and education.

GAQPS FOR ACADEMIA, HEALTH PROVIDERS AND BIOLOGISTS

The proper use of chemotherapeutants begins with an accurate diagnosis of the disease
and the causative agent. This information should be used with a thorough understanding
of the animal (and the species) being reared, the biological and production system the
animal is being reared in, and the intended purpose of the aquaculture product (e.g.
shrimp for human consumption for the United States of America market).

These are broad GAqPs that are intended to assure chemotherapeutics are used
wisely. This generally includes proper training/certification/licensing of aquaculture
professionals, having and using adequate detection and diagnostic tools/programmes/
methods, using only the correct drugs and that they are used properly for effectiveness
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and that the drugs do not leave an undesirable residue, and that health providers or
biologists are participating in disinfection and pathogen eradication programmes.
Some common questions health-care providers should ask are:
e Is the drug registered for use in aquaculture against the etiological agent?
e What is the toxicity of the drug to the host animal?
e Will the available methods of treatment deliver effective levels of the drug to the
site of infection?
e What hazards does the drug pose to the user?
e How will the drug affect desirable biota or biological filter systems?
e Will the drug leave harmful or undesirable residues in the flesh of treated
animals?

RECOMMENDATIONS

To the Food and Agriculture Organization of the United Nations (FAO):

e FAO should pull together the appropriate stakeholders to discuss a strategy to
develop specific GAQPs and biosecurity guidelines that the aquaculture sector
(particularly farmers) can use to both minimize aquatic animal susceptibility to
disease and to help prevent the spread and proliferation of diseases.

® The stakeholders should consider the feasibility of developing an international
chemotherapeutic use network. The goal of this network or programme would
be to harmonize drug use standards; develop uniform training, certification and
licensing requirements; establish mechanisms for data sharing on what drugs are
being used, approval data, drug application data, etc.; and establish protocols for
responding rapidly and effectively when a disease problem occurs. In addition,
some type of oversight and accountability system should be considered for this
network and include funds to sustain the programme.

To national governments:

e Each country should develop and implement its own GAqP programme appropriate
for its country, including the legal regulatory structure, the aquaculture industry
and the environmental conditions. The programme should include those measures
that will reduce the need for chemotherapeutic interventions, measure the use of
chemotherapeutic agents (e.g. maintain proper records), and assure there are no
unacceptable levels of unapproved chemotherapeutic agents.

* National competent authorities should have and implement the national GAqP
programme. Their agents should be trained in GAgPs and should conduct
inspections of farms to assure GAqPs are being properly implemented (e.g.
proper densities are being maintained, wastewater is not impacting source
water, farms and hatcheries are keeping drug use records, and samples are being
collected and tested).

To the aquaculture industry:
® The aquaculture industry should assume responsibility for minimizing the need for
and use of chemotherapeutic agents and should properly implement the national

GAqP programmes.
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ABSTRACT

The survey aimed at understanding the current status of the use of veterinary medicines (i.e.
antimicrobials and other chemotherapeutants was conducted through e-mail distribution
and face-to-face consultation witha wide range of stakeholders (e.g. fish farmers, government
staff, feed manufacturers, feed and drug sellers and extension officers) in selected countries.
A total of 197 survey returns were collected from 21 countries (in addition to three unknown
country sources), and a survey database was created. The methods of analysis used were:
(1) percentages and medians to describe the distribution of categorical (e.g. geographic
location of respondents) and continuous variables (e.g. number of substances reported);
(11) species-wide comparisons using only data from e-mail respondents and for both species
being considered in the analysis; (iii) Bartlett’s Test for Inequality of Population Variances
to establish whether an ANOVA (parametric) or Kruskal-Wallis (non-parametric) test was
most appropriate to compare continuous variables (e.g. the number of substances reported
for different species). All tests were conducted using Epi Info 3.5 and the use of a p-value
of 0.05 to identify significant associations. Survey results provided an insight on the use of
treatments and prophylactic measures used in aquaculture. Despite the small number of
respondents, some valuable associations were identified and some recommendations were
put forward.
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INTRODUCTION

As in any other animal production sector, veterinary drugs are used in aquaculture during
production mainly to prevent and treat bacterial, fungal and parasitic diseases. The use
of these products has been taken up progressively by the industry with the learning and
understanding of health management and the application of biosecurity to aquaculture.
The gains that have been made in aquaculture production capacity would not have been
possible without the use of these products.

More than ten years ago, the Food and Agriculture Organization of the United
Nations (FAO), in cooperation with the Southeast Asian Fisheries Development
Center Aquaculture Department (SEAFDEC-AQD) and the Canadian International
Development Agency (CIDA), organized the Expert Meeting on the Use of Chemicals
in Aquaculture in Asia or “Aquachem” from 20-22 May 1996 at the SEAFDEC-AQD
headquarters in Tigbauan, Iloilo, the Philippines. That meeting generated information
on the pattern of use of veterinary drugs at that time through national reports. In 2009,
it was again considered timely to assess the current usage of these products. For this
purpose, a survey was prepared in an attempt to assess the current situation.

OBJECTIVES OF THE STUDY

The objective of the survey was to understand the current status of the use of veterinary
medicines, i.e. antimicrobials and other chemotherapeutants in aquaculture conducted
through an internet-based survey and interview-based survey in selected countries.

METHODOLOGY

Survey structure and process
A survey questionnaire was developed with seven sections, briefly described below

® Section 1: Respondent profile (academic background and professional activity of
the respondent)

e Section 2: Types of antimicrobials used for therapeutic purposes (antimicrobials
used for treating disease (therapeutic application) in different host species
groups)

* Section 3: Types of antimicrobials used for prophylactic purposes (antimicrobials
used for prevention of diseases (prophylactic application) and the stages when
they are applied (broodstock, hatchery and grow out).

e Section 4: Application (percentage at the different stages of culture (broodstock,
hatchery and grow out) and dosage and duration of antimicrobial treatments for
prophylactic and therapeutic use)

e Section 5: Use of chemotherapeutants (type, mode of application and for which
diseases, source and availability), as well as other veterinary products (i.e.
anesthetics, sex control aids, spawning aids, etc.) used in aquaculture

e Section 6: Impact (perceived positive and negative impacts) and efficacy (possible
reasons for failure)

® Section 7: Recommendations for actions to improve effectiveness and responsible
use in aquaculture

For each of the questions, a list of aquaculture species was given. These include the
main cultured species groups such as shrimp, salmon, trout, tilapia, pangasius, carp and
marine fish. Additional space was provided for other species. A list of veterinary drugs
was also provided, as can be seen in Table 1.

Considering that the use of veterinary products and antimicrobials in particular is a
sensitive matter because of its implications to the product and national image or product
market access, responses were kept anonymous and analyzed regardless of the geographic
origin. There was no intention to quantify the use of these products, as information on
quantities is only reliable in highly regulated countries.
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TABLE 1
List of active ingredients of veterinary medicines listed in the survey.
Antibiotics External treatments Sea lice control Antihelmintics
(bacteria, parasites and fungi)
Flumequine Benzalkonium chloride Emamectin benzoate Ivermectin
Oxolinic acid Chloramine-T Teflubenzuron Diflubenzuron
Trimethoprim-sulfadiazine Copper sulphate Azamethiphos Praziquantel
Florfenicol Diquat bromide Cypermethrin
Amoxycillin Formalin Dichlorvos
Erytromycin Hydrogen peroxide Acyl urea
Oxytetracycline Potassium permanganate Hydrogen peroxide
Enrofloxacin Dichlorvos
Fosfomicine Trichlorfon
Malachite green
Methylene blue
Trifularin

Distribution of the questionnaire

The survey targeted interested stakeholders involved in the production, sales, use and
application of veterinary products such as fish farmers, government staff, academicians,
feed manufacturers, feed and drug sellers, extension officers, aquatic animal health and
aquatic veterinary professionals.

Two approaches were used to distribute the questionnaire. One approach used was
through Internet correspondence to participants of major conferences (e.g. Larvi 2009,
World Aquaculture Society (WAS) Aquaculture America — Seattle 2009, Asia-Pacific
Conference— Australia2008,and European Aquaculture Society —Poland 2008), databases
of Latin American and North American aquaculture pathologists and veterinarians and
country stakeholders (Chile), web-based discussion groups (Sarnissa, Sociedad Latino
Americana de Aquacultura, Asian Fisheries Society), professional associations (Fish
Veterinary Society, World Aquatic Veterinary Medical Association, Fish Health Section
of the Asian Fisheries Society, Mexican Aquaculture Sanitary Committee), international
organizations (Network of Aquaculture Centres in Asia and the Pacific (NACA) and
Centre international de hautes études agronomiques méditerranéennes (CIHEAM))
and newsletters (American Veterinary Medical Association (AVMA), AQUATIC-L
listserv).

The second approach was through direct interviews. Face-to-face individual and
group interviews were done in selected major aquaculture-producing countries (i.e.
China, the Philippines, Thailand and Viet Nam). Every effort was made to include all
the stakeholder groups involved in the production and use of veterinary drugs (e.g. seed
producers, fish farmers, extension workers, drug manufacturers, aquatic animal health
and aquatic veterinary professionals). The distribution of the questionnaire was done
between July and October 2009.

STATISTICAL METHODS
All the statistical analyses were conducted using Epi Info 3.5.1.

Descriptive analysis was conducted using frequency tables for both continuous and
categorical variables. Continuous variables were described also using medians and ranges.

Pair-wise comparisons on the number of substances reported for different species
groups were conducted using only information from e-mail respondents and from
respondents answering questions for both the species groups being considered in the
comparison. This approach was adopted for all comparisons with the exception of the
pangasius-catfish comparison, which used all the e-mail submissions for the two species
groups.

ANOVA and the Kruskal-Wallis Test were used to assess the significance of
univariate associations when the population variances were tested to be equal or unequal,
respectively. The inequality of population variances was tested using the Bartlett’s Test.
Multivariable analysis was conducted by developing linear regression models.
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A p-value of 0.05 was used to identify significant associations. When non-statistical
associations were identified, p-values were reported to allow a deeper understanding of
the association

RESULTS

Section 1. Respondent profile
In total 197 responses were gathered. These included 54 (27.4%) email and 143 (72.6%)
interview-based submissions.

E-mail responses were submitted by people located in all the continents (Table 2)
and in 24 countries (Table 3). Particularly represented were Mexico (13 respondents)
and Colombia and Spain (both with 5 respondents). Twenty-eight (51.9%) submissions
were in Spanish, while 26 (48.1%) were in English. The country-wise distribution of the
interviews showed that most respondents were located in China and Viet Nam (Table 4).
The academic level of respondents was very diverse, with the majority of them having a
Bachelor of Science degree or higher degree (Table 5).

The majority of respondents (i.e. 33.9%) were primarily involved with farming or
worked for the government (20.9%), although data were also gathered from considerable
numbers of respondents involved primarily in other activities (Table 6). Respondents
were often involved with more than one activity, with a relatively higher proportion of
respondents being involved with farming (Table 7).

There were considerable differences between the e-mail submissions and the interview
results. In fact, people submitting information by e-mail covered a wider range of species
groups when compared with people interviewed, who in 59.4% of cases submitted
information only about one species (Table 8)

The species-wise distribution also differed considerably between the two groups of
respondents, being wider in e-mail submission (Table 9) when compared with interview
results (Table 10), which were largely focused on five species groups, namely shrimp,
tilapia, pangasius, carps and marine fish.

TABLE 2

Region-wise distribution of the email respondents
Region Frequency Percent
Asia 11 20.4%
Europe 12 22.2%
North America 17 31.5%
Oceania 2 3.7%
South America 9 16.7%
Unknown 3 5.6%
Total 54 100.0%

TABLE 3

Country-wise distribution of the e-mail respondents
Country Frequency | Percentage | Country Frequency Percentage
Australia 2 3.7% Norway 1 1.9%
Bangladesh 1 1.9% Peru 1 1.9%
Bosnia &Herzegovina 1 1.9% Philippines 3 5.6%
Brazil 1 1.9% Saudi Arabia 1 1.9%
Canada 1 1.9% Spain 5 9.3%
Chile 1 1.9% Switzerland 1 1.9%
Hong Kong SAR 1 1.9% Thailand 2 3.7%
Colombia 5 9.3% United Kingdom 3 5.6%
Croatia 1 1.9% Unknown 3 5.6%
India 1 1.9% United States of America | 3 5.6%
Bahrain 1 1.9% Venezuela 1 1.9%
Mexico 13 24.1% Viet Nam 1 1.9%
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TABLE 4

Country-wise distribution of the interviewees
Country Frequency Percent
China 50 35.0%
Philippines 35 24.5%
Thailand 9 6.3%
Viet Nam 49 34.3%
Total 143 100.0%

TABLE 5

Distribution of academic level among respondents
Academic level Frequency Percent
Primary (Elementary) 18 9.8%
Secondary (High School) 13 7.1%
Professional education 35 19.0%
Bachelor of Science 69 37.5%
Post-graduate 47 25.5%
Other 2 1.1%
Total 184 100.0%

TABLE 6

Distribution of the main activities among respondents
Main Activity Frequency Percent
Farming 60 33.9%
Clinical 13 7.3%
Administration 19 10.7%
Government 37 20.9%
Private sector 9 5.1%
Research 16 9.0%
Suppliers 22 12.4%
Other 1 0.6%
Total 177 100.0%

TABLE 7

Distribution of involvement of the respondents in different activities
Activity Total respondents No. people involved in Percentage

activity

Farming 190 85 44.7%
Clinical 190 55 28.9%
Administration 190 42 22.1%
Government 190 55 28.9%
Private 190 52 27.4%
Research 190 43 22.6%
Suppliers 190 43 22.6%

TABLE 8

Frequency distribution of the number of species for which respondents submitted information
on treatment or preventive measures

No. of Species Treatment Preventive measures
groups Frequency Percentage Frequency Percentage
0 3 5.6% 4 2.8%
1 11 20.4% 85 59.4%
2 10 18.5% 15 10.5%
3 11 20.4% 11 7.7%
4 6 11.1% 24 16.8%
5 7 13.0% 4 2.8%
6 6 11.1% 0’ 0.0%
Total 54 100.0% 143 100.0%

10" indicates that no information on products was submitted, although answers to other questions were provided.
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TABLE 9
Species-wise frequency distribution of responses in the e-mail submission group and by region
Shrimp| Salmon | Trout | Tilapia| Panga| Carp | Marine| Catfish| Ornamentals| Seabass| Frog Crab
Asia 7 3 0 5 2 5 9 2 2 1 1 1
Europe 2 3 7 1 1 2 9 1 1 1 0 1
North 4 3 1 1 3 9 7 4 1 0 0 0
America
South 5 1 5 7 0 2 3 1 0 0 0 1
America
Oceania 1 1 2 1 0 1 1 1 1 0 0 0
Unknown 1 0 0 0 0 0 1 1 1 0 0 1
TOTAL 20 1 25 25 6 19| 30 10 6 2 1 4
TABLE 10
Species-wise frequency distribution of responses in the interviewed group and by country
Shrimp | Salmon | Trout | Tilapia | Panga | Carp | Marine | Catfish | Ornamentals | Seabass | Frog | Crab
China 19 1 0 16 0 41 12 0 0 0 0 0
Philippines 19 1 0 19 4 1 15 0 0 0 0 0
Thailand 7 0 0 7 2 5 4 0 1 0 1 0
Viet Nam 21 1 0 13 40 6 0 0 0 0 0
TOTAL 66 3 0 55 46 | 55 37 0 1 0 1 0
Section 2. Types of antimicrobials used for therapeutic purposes
For most species, external treatments and antibiotics prevailed as methods for disease
treatment (Table 11). Oxytetracycline was the product most reported for treatment of
diseases in all major species, e.g. shrimp, tilapia, pangasius, marine fish, trout and salmon
(Table 12). Oxytetracycline and trimethoprim-sulfadiazine were the antibiotics with
the wider species coverage. Concerning external treatment, formalin was used for more
species.
Praziquantel was the antihelmintic with the widest species coverage, while for sealice
control, emamectin benzoate and hydrogen peroxide were widely used (Table 13).
There appeared to be significant differences in the number of agents used as a whole
or as treatment for different species. A significantly higher number of agents were used
for shrimp when compared with carp. The association between the number of treatments
in trout versus tilapia and the one between catfish and pangasius were also significant
(Table 14).
TABLE 11
Number of substances used for treatment for each species or species group and by type of use
Species Antibiotics Antihelmintic External treatment Sea lice control Other
Carp 7 4 14 4 1
Catfish 5 4 10 1
Crab 1 3
Frog 3 2 3
Marine fish 9 4 14 5 1
Ornamentals 5 2 6
Pangasius 10 4 13 2
Salmon 8 1 7 5
Seabass 2 4 1
Shrimp 9 3 14 4 1
Tilapia 9 4 14 4 1
Trout 9 1 12 5
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TABLE 12

Number of times an antibiotic was reported as treatment by species

Substance

Carp

Catfish

Crab

Marine
fish

Frog

Ornamentals

Pangasius

Salmon

Seabass

Shrimp

Tilapia

Trout

Amoxycillin 2

5

15

13

12

Enrofloxacin 9

6

13

9

9

Erytromycin 0

(%

4

14

4

a|lw|N

Florfenicol 15

_
[e]

23

23

21

—_
(2]

Flumequine 0

4

1

Fosfomicine 0

1

0

Others 10

16

11

Oxolinic acid 2

N|jo|o|o

2

3

ujw|o|o

Oxytetracycline

34

44

N
-

Trimethoprim- 13
sulfadiazine
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TABLE 13

Number of species for which a substance was used for treatment by type of use

Substance

Antibiotics

Antihelmintics

External treatments

Sea lice control

Other

Acyl urea

1

Amoxycillin

Azamethiphos

Benzalkonium
chloride

Chinese Herb
medicine

Chloramine-T

Copper sulphate

Cypermethrin

Dichlorvos

Dichlorvos

Diflubenzuron

Diquat bromide

Emamectin
benzoate

Enrofloxacin

Erytromycin

Florfenicol

Flumequine

|| o |

Formalin

Fosfomicine

Freshwater bath

Hydrogen peroxide

Ivermectin

Malachite green

Methylene blue

Others

Oxolinic acid

Oxytetracycline

Potassium
permanganate

Praziquantel

10

Salt

Trichlorfon

Trifularin

Trimethoprim-
sulfadiazine

11
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TABLE 14

Pair-wise comparison of the median number of substances used as treatment for different species
Species No. agents p-value No. agents (treatment) p-value
Tilapia vs Trout 5vs7 0.4445 3.5vs 6 0.1016
Carp vs Tilapia 7vs6 0.6134 5vs5 0.5056
Carp vs Shrimp 0Ovs5 0.0381 Ovs3 0.0152
Catfish vs Tilapia Ovs1 0.6455 Ovs 1 0.6259
Marine vs Tilapia 4vs 6 0.1692 3vs5 0.2829
Carp vs Trout 7vs8 0.3758 5vs 6 0.1448
Carp vs Marine fish 6.5vs 4 0.3680 4.5vs 3.5 0.5849
Shrimp vs Trout 45vs 0 0.1986 3vs0 0.3605
Catfish vs Pangasius 9vs 45 0.2442 6vs5 0.0706

Section 3. Types Of Antimicrobials Used For Prophylactic Purposes
External treatments and treatment with antibiotics were the most commonly reported
methods for disease prevention for most species (Table 15).

Oxytetracycline was the most-reported antibiotic used for prophylactic treatment for
most species (Table 16). Oxytetracycline was also the most-reported antibiotic used for
prevention for the largest number of species (i.e. 10), while formalin was the external
treatment with the highest species coverage, and also the treatment reportedly used in the
prevention of diseases for ten species (Table 17). Ivermectin was the antihelmintic with
the widest species coverage, while hydrogen peroxide was the treatment mostly used on
many species for sea lice infection (Table 17).

Although there appeared to be differences in the number of agents used as prophylactic
measures for different species, none of the associations were significant (Table 18).

TABLE 15
Number of substances used for prevention for each species and by type of use
Species Antibiotics Antihelmintic External treatment Sea lice control Other
Carp 9 3 12 1 1
Catfish 4 2 7
Crab 2 2
Frog 3 1 2
Marine fish 8 3 12 3 1
Ornamentals 3 2 6
Pangasius 8 4 13 2
Salmon 5 1
Shrimp 8 3 12 2 1
Tilapia 8 3 13 2 1
Trout 6 2 12
TABLE 16
Number of times an antibiotic was reported as prophylactic method by species
Substance Carp | Catfish | Crab | Frog | Marine | Ornamentals | Pangasius | Salmon | Sea- | Shrimp | Tilapia | Trout
fish bass
Amoxycillin 2 0 0 0 1 0 7 0 0 7 4 0
Enrofloxacin 5 2 0 1 2 2 3 0 0 7 8 2
Erytromicyn 1 0 0 0 1 0 3 0 0 6 2 1
Florfenicol 6 2 0 0 7 0 6 0 0 14 10 2
Flumequine 0 0 0 0 0 0 0 0 0 0 0 0
Fosfomicine 1 0 0 0 0 0 0 0 0 0 0 0
Others 5 1 1 0 7 0 1 0 0 11 9 1
Oxolinic acid 1 0 0 0 1 0 1 0 0 1 1 0
Oxytetracycline | 21 5 1 1 19 2 18 0 0 36 17 2
Trimethoprim- 4 0 0 1 3 2 8 0 0 2 2
sulfadiazine
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TABLE 17
Number of species for which a substance was used for prevention by kind of use

Substance Antibiotics | Antihelmintic | External treatment Sea lice control | Other

Amoxycillin 5 - - - -

Benzalkonium chloride - - 7 - -

Chinese herb medicine - - - - 4

Chloramine-T - - 7
Copper sulphate - - 8 - R
Dichlorvos - - 6

Diflubenzuron - 2 - - _
Diquat bromide - - 1 - _
Emamectin benzoate - - - 4 -

Enrofloxacin 9
Erytromicyn 6 - - - -
Florfenicol 7

Formalin - - 10 - -

Fosfomicine 1 - - - -

Freshwater bath - -
Hydrogen peroxide - -
Ivermectin - 7 - - -

N
(%
'

Malachite green - -

Methylene blue - -
Others 8 8
Oxolinic acid 5 - - - -

NN |o
'
'

Oxytetracycline 10 - - - -

Potassium permanganate - - 9 - R

Praziquantel - 6 - - -
Salt - - 8
Trichlorfon - - 8 - -
Trifularin - - 4

Trimethoprim-sulfadiazine 8 - - - -

TABLE 18
Pair-wise comparison of the median number of substances used for prophylaxis for different
species

Species N agents (total) p-value N agents (prophylaxis) p-value
Tilapia vs Trout 5vs7 0.4445 Tvs2 0.6341
Carp vs Tilapia 7vs6 0.6134 2vs2 0.7659
Carp vs Shrimp Ovs5 0.0381 0vs2 0.1308
Catfish vs Tilapia Ovs 1 0.6455 OvsO 0.6892
Marine vs Tilapia 4vs 6 0.1692 Tvs2 0.1415
Carp vs Trout 7vs8 0.3758 Tvs25 0.7177
Carp vs Marine 6.5vs 4 0.3680 Tvs1 0.6951
Shrimp vs Trout 45vs0 0.1986 1.5vs 0 0.1231
Catfish vs Pangasius | 9 vs 4.5 0.2442 2vs2 0.7127

Section 4. Application

Treatments were done throughout all stages of production for most species (Table 19).
No significant trend could be detected in the number of stocks subjected to treatment
with considerable variability in responses.
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TABLE 19

Percentage of stocks treated at different stages of culture

Species Stage N. of respondents Average %
Shrimp Broodstock 15 53.1%
Shrimp Hatchery 30 67.0%
Shrimp Grow-out 24 48.3%
Salmon Broodstock 2 11.0%
Salmon Hatchery 3 43.3%
Salmon Grow-out 3 46.3%
Trout Broodstock 4 8.4%
Trout Hatchery 13 54.4%
Trout Grow-out 10 42.9%
Tilapia Broodstock 12 53.3%
Tilapia Hatchery 23 63.7%
Tilapia Grow-out 30 56.9%
Pangasius Broodstock 3 41.7%
Pangasius Hatchery 7 29.9%
Pangasius Grow-out 11 39.9%
Carp Broodstock 15 29.1%
Carp Hatchery 20 27.4%
Carp Grow-out 28 43.6%
Marine fish Broodstock 8 62.6%
Marine fish Hatchery 13 45.8%
Marine fish Grow-out 23 50.8%
Catfish Broodstock 4 55.3%
Catfish Hatchery 6 29.3%
Catfish Grow-out 7 34.3%
Ornamentals Broodstock 0

Ornamentals Hatchery 0

Ornamentals Grow-out 2 25.0%
Seabass Broodstock 1 1.0%
Seabass Hatchery 1 2.0%
Seabass Grow-out 1 2.0%

Section 5. Use of chemotherapeutants in aquaculture

Use of chemotherapeutants in water was the preferred method of application for most
species, although reporting of substance application directly on to the animal or eggs or
on to inert materials was also common (Table 20).

Most products were considered freely available, including products that are banned
for use in aquaculture in most countries, e.g. malachite green (Table 21).

There was a strongly significant difference between regions with respect to the
percentage of products reported to be freely available (Table 22); Asia and South America
reported to have more products freely available in the market than other regions (98.5%
and 89.2%, respectively).

Similarly, when analyzing only the interview-based submissions, there was a significant
difference between countries reporting availability of the agents. For example, Thailand
reported a lower percentage compared with other countries, where the percentage of
products freely available in the market was almost 100% (Table 23). There was a significant
difference in the percentage of products reported to be freely available with respect to
whether the respondent was involved in farming or not, with fish-farmer respondents
reporting a significantly higher percentage (Table 24).

When a multivariable linear regression model was developed to take into account
the potential confounding effect of the involvement in farming or region versus
the percentage of products freely available, the associations with region and farming
involvement remained significant, with a correlation coefficient of 0.41 (Table 25).

Vaccine use was reported primarily for tilapia, marine fish, pangasius, trout and
salmon. Vaccines were most commonly addressed for the prevention of aeromonids and
vibrios, although vaccines for Streptococcus, Yersinia, Edwardsiella and Pasteurella were
also common (Table 26).
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Two respondents reported the use of bacterins (Aeromonas sp. bacterin; Autogenous
bacterins; Edwardsiella ictaluri bacterin; Streptococcus sp. bacterin; Vibrio sp. bacterin;
Vibrio anguillarum bacterin; Vibrio parahaemolyticus bacterin) for carp.

Fifteen respondents also mentioned that vaccines were being used for shrimp diseases,

with four respondents specifying that these “vaccines” were in reality probiotics.

Among other products used, anesthetics were most commonly reported for most
species. Spawning aids were most common for pangasius, carp and catfish, while sex
control aids were the most frequently reported type of product used in tilapia farming

(Table 27).

TABLE 20

Frequency distribution of the methods of application of chemotherapeutants
Species Method of Total N. respondents N. positive Average %

application respondents

Shrimp Animals/eggs 57 20 35.1%
Shrimp Water 57 54 94.7%
Shrimp Inert Materials 57 17 29.8%
Salmon Animals/eggs 7 5 71.4%
Salmon Water 7 6 85.7%
Salmon Inert Materials 7 4 57.1%
Trout Animals/eggs 21 16 76.2%
Trout Water 21 15 71.4%
Trout Inert Materials 21 10 47.6%
Tilapia Animals/eggs 40 14 35.0%
Tilapia Water 40 36 90.0%
Tilapia Inert Materials 40 14 35.0%
Pangasius Animals/eggs 14 3 21.4%
Pangasius Water 14 13 92.9%
Pangasius Inert Materials 14 1 7.1%
Carp Animals/eggs 34 7 20.6%
Carp Water 34 31 91.2%
Carp Inert Materials 34 9 26.5%
Marine fish Animals/eggs 33 14 42.4%
Marine fish Water 33 29 87.9%
Marine fish Inert Materials 33 11 33.3%
Catfish Animals/eggs 5 1 20.0%
Catfish Water 5 5 100.0%
Catfish Inert Materials 5 40.0%

TABLE 21

Reported availability of different products
Product No. No. freely % freely No. only on % only on

respondents available available prescription prescription

Antibiotics
Oxytetracycline 128 117 91.4% 11 8.6%
Trimethoprime- 46 37 80.4% 9 19.6%
sulfadiazine
Amoxiciline 56 45 80.4% 11 19.6%
Florfenicol 64 50 78.1% 14 21.9%
Enrofloxacina 54 42 77.8% 12 22.2%
Erythromycin 48 37 77.1% 11 22.9%
Oxolinic acid 32 24 75.0% 8 25.0%
Fosfomicina 15 10 66.7% 5 33.3%
Flumequine 22 14 63.6% 8 36.4%
External treatments
Dichlorvos 20 20 100.0% 0 0.0%
Benzalkonium chloride 54 53 98.1% 1 1.9%
Copper sulphate 80 78 97.5% 2 2.5%
Hydrogen peroxide 64 62 96.9% 2 3.1%
Trichlorfon 60 58 96.7% 2 3.3%
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TABLE 21 (CONTINUED)
Reported availability of different products

Product No. No. freely % freely No. only on % only on
respondents available available prescription prescription
Potassium 82 79 96.3% 3 3.7%
permanganate
Trifularin 25 24 96.0% 1 4.0%
Formalin 99 95 96.0% 4 4.0%
Methylene blue 43 41 95.3% 2 4.7%
Malachite green 34 32 94.1% 2 5.9%
Chloramine-T 36 32 88.9% 4 11.1%
Diquat bromide 16 14 87.5% 2 12.5%
Sealice control
Hydrogen peroxide 32 30 93.8% 2 6.3%
Dichlorvos 14 13 92.9% 1 7.1%
Acyl urea 7 6 85.7% 1 14.3%
Teflubenzuron 8 6 75.0% 2 25.0%
Cypermethrin 15 11 73.3% 4 26.7%
Azamethiphos 11 7 63.6% 4 36.4%
Emamectin benzoate 13 7 53.8% 6 46.2%
Antihelmintics
Ivermectin 29 28 96.6% 1 3.4%
Diflubenzuron 9 8 88.9% 1 11.1%
Praziquantel 17 13 76.5% 4 23.5%
Other
Hydrogen peroxide 39 39 100.0% 0 0.0%
Chlorine 52 52 100.0% 0 0.0%
Phenolic compounds 14 14 100.0% 0 0.0%
lodophors 35 35 100.0% 0 0.0%
Formaldehyde 53 52 98.1% 1 1.9%
Isopropyl alcohol 30 29 96.7% 1 3.3%
Quaternary ammonia 30 27 90.0% 3 10.0%
Vaccines 18 11 61.1% 7 38.9%
TABLE 22

Comparison of the reported percentage of products freely available in the market in different
regions (p-value <0.0001)

Region Observations Total Mean Variance Std Dev
Asia 130 128.0948 0.9853 .0053 .0729
Europe 10 7.1843 0.7184 .0952 .3085
North America 15 12.6810 0.8454 .0898 .2997
Oceania 2 .7027 0.3514 .2469 4969
South America 9 8.0286 0.8921 .0388 .1969
Unknown 2 1.7391 0.8696 .0340 .1845
TABLE 23

Comparison of the reported percentage of products freely available in the market in different
countries (p-value <0.0001)

Region Observations Total Mean Variance Std Dev

China 48 47.8108 0.9961 .0007 .0273

Philippines 33 32.9375 0.9981 .0001 .0109

Thailandia 7 6.2846 0.8978 .0289 1701

Viet Nam 32 31.9000 0.9969 .0003 .0177
TABLE 24

Comparison of the reported percentage of products freely available in the market in respect to
the involvement of the responder in farming (p-value = 0.0151)

Observations Total Mean Variance Std Dev

Not involved in farming 93 85.7108 0.9216 .0388 .1969

Involved in farming 71 69.4785 0.9786 .0154 1240
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TABLE 25

Results of multivariable analysis to assess the association between the reported percentage of
products freely available in the market in respect to both the involvement of the responder in
farming and the region where the responder was located

Variable Coefficient Std Error F-test p-value
Involved in farming 0.052 0.022 5.6596 0.018570
Region (Europe/Asia) -0.257 0.045 33.2707 0.000000
Region (North America/Asia) -0.130 0.037 12.2237 0.000615
Region (Oceania/Asia) -1.017 0.136 56.2957 0.000000
Region (South America/Asia) -0.102 0.046 4.7976 0.029985
Region (Unknown/Asia) -0.147 0.097 2.3284 0.129060
CONSTANT 0.965 0.016 3840.8372 0.000000

TABLE 26

Species-wise distribution of pathogens against which vaccines were used
Species Pathogen Total No. of respondents No. of positive respondents Average %
Salmon Aeromonas 9 8 88.9%
Salmon Vibrios 9 8 88.9%
Salmon Yersinia 9 5 55.6%
Salmon IPN 9 3 33.3%
Salmon Streptococcus 9 2 22.2%
Salmon VHS 9 1 11.1%
Salmon Pisciricketsia 9 1 11.1%
Salmon Renibacterium 9 1 11.1%
Trout Aeromonas 12 9 75.0%
Trout Vibrios 12 7 58.3%
Trout Yersinia 12 7 58.3%
Trout Streptococcus 12 2 16.7%
Trout IPN 12 2 16.7%
Trout Pisciricketsia 12 1 8.3%
Tilapia Streptococcus 18 15 83.3%
Tilapia Aeromonas 18 4 22.2%
Tilapia Vibrios 18 2 11.1%
Tilapia IPN 18 1 5.6%
Tilapia Edwardsiella 18 1 5.6%
Tilapia Pasteurella 18 1 5.6%
Pangasius Edwardsiella 12 10 83.3%
Pangasius Aeromonas 12 8 66.7%
Pangasius Vibrios 12 3 25.0%
Pangasius IPN 12 1 8.3%
Pangasius Streptococcus 12 1 8.3%
Marine fish Vibrios 18 13 72.2%
Marine fish Streptococcus 18 5 27.8%
Marine fish Pasteurella 18 4 22.2%
Marine fish Edwardsiella 18 2 11.1%
Marine fish Aeromonas 18 1 5.6%
Marine fish Tenacibaculum 18 1 5.6%
Marine fish Flexibacterium 18 1 5.6%
Marine fish Photobacterium 18 1 5.6%

TABLE 27

Percentage of respondents reporting the use of anesthetics, sex control aids and spawning aids by species
Species No. of respondents Percentage of respondents

Anesthetics Sex control aids Spawning aids

Carp 42 31.0% 71% 83.3%
Catfish 6 66.7% 16.7% 66.7%
Marine fish 27 66.7% 14.8% 63.0%
Ornamentals | 5 80.0% 0.0% 20.0%
Pangasius 22 18.2% 9.1% 95.5%
Salmon 8 87.5% 25.0% 12.5%
Tilapia 52 19.2% 92.3% 15.4%
Trout 18 94.4% 11.1% 11.1%
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Section 6. Impact and efficacy

Among the perceived negative impacts of antibiotics, (i) building up of resistance and (i1)
the presence of residues of food safety concern were the most frequently reported. While
(1) toxicity to the environment, (ii) residues of food safety concern and (iii) toxicity to
farmers were reported to be the main negative impacts of the use of chemotherapeutants.
On the use of both antibiotics and chemotherapeutants, (i) reduction in mortality during
disease events and (ii) an overall better survival were the most frequently reported positive
impacts (Table 28). Fish/shrimp welfare, development of new technology, reduction in
the use of other treatments and better quality products were also reported equally as some
of the positive impacts more or less for both use of antibiotics and chemotherapeutants.
The most common reasons for treatment failure were poor diagnosis and the pathogen
not being the primary cause of the disease, although other reasons were also given at a
considerable frequency (Table 29).

TABLE 28
Perceived impacts of the use of antibiotics and chemotherapeutants
Impact Total No. No of respondents N. respondents
respondents (antibiotics) (chemotherapeutants)
Negative impacts
Build up of clinical resistance in fish/ 177 110 60
shrimp
Residues of food safety concern 177 107 83
Toxicity to the environment 177 63 92
Build up laboratory bacterial isolates 177 54 17
resistance
Toxicity to fish/shrimp 177 47 76
Toxicity to farmers 177 42 81
Total 423 409
Positive impacts
Reduction in mortality in disease events 177 143 118
General increase of survival 177 128 113
Fish/shrimp welfare 177 51 50
Allow the development of new farming 177 49 51
technology
Reduction on the use of other treatments 177 47 58
Better quality product 177 42 42
Mask knowledge gap in husbandry 177 20 20
Others: 177 2 1
Total 482 453
TABLE 29
Reported reasons for failure of treatments
Reason 1 least 2 3 4 5 most
Poor diagnosis 34 10 16 19 93
Pathogen not primary cause 23 27 23 32 56
Unsure/unproven quality 36 36 33 21 23
Poor info on fish stock 58 24 26 18 21
Subtherapeutic 26 34 24 35 36
Inappropriate duration 29 33 26 40 31
Few products available 45 31 23 15 29
Inadequate storage 51 28 26 19 10
Used isolated 34 27 15 25 32

Section 7. Recommendations for actions

Amongthe recommendations, training of farmers, practitioners and laboratory personnel,
primarily on accurate diagnosis, but also on proper and prudent use, and awareness on
the negative impact and health management also appeared to be training priorities (Table
30).
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TABLE 30

Recommendations for action
Training for farmers 1 most 2 3 4 5 least
Accurate diagnosis 143 10 6 3 8
Proper and prudent use 108 42 8 2 9
Negative impact of their use 70 31 32 7 6
Training for practitioners 1 most 2 3 4 5 least
Accurate diagnosis 133 12 2 0 13
Proper and prudent use 94 46 8 1 12
Negative impact of their use 61 26 35 8 1
Training for laboratory personnel 1 most 2 3 4 5 least
Accurate diagnosis 139 8 3 4 11
Determination of resistance 82 46 16 2 12
Determination of proper dosage 79 36 26 7 8
Training on health management 95 22 9 8 6
practices
Training on alternative treatments 71 44 21 5 15
Consultation to set priorities for 49 36 36 1 8
research
Provide information on residue testing 55 30 38 12 5
More information on pharmacokinetics 51 32 28 27 12

DISCUSSION

The survey provided an insight on the use of treatments and prophylactic measures used
in aquaculture. The limited number of submissions showed that Internet-based surveys
may not be the most suitable way to conduct this type of survey. While the survey reached
more than 2 000 professionals, there was very low response. It is also possible that the
low response can be attributed to the fact that the use of veterinary drugs is a sensitive
issue that might reflect negatively of the country, the product image and the respondents.
While responses were received from all regions, because of the small response rate, care
should be taken when interpreting the results. Nonetheless, despite the small numbers,
some valuable associations were identified. These include:
1.Active participation of stakeholders is evident when a country has a well-
organized industry. This is evident in Mexico, where there was a stronger
response rate to the survey owing to the well-organized shrimp industry sector
with a committee that regulates the industry from a sanitary standpoint.
2.More emphasis was given on treatment rather than on prevention. This was
revealed by pair-wise comparison and the question on training needs, where a
large percentage of respondents felt that diagnosis vs health management being
the priority need.
3.Oxytetracycline was the most reported product widely used for both treatment
and prevention for most species or species froups. Such wide use of this product
may mean that it is effective and, considering the regular use of this drug for
many years now, may also mean that widespread resistance against this drug has
not been developed.
4.Most species or species groups had similar range of products, with some
differences in the number of substances used. Comparison made only among
respondents with similar responses showed more products reportedly used
for some species (e.g. shrimp vs carps) but it was not possible to assess the
appropriateness of the use of such substances.
5.Sanitary bottlenecks of the aquaculture sector are prevalent in both grow out and
hatchery operations, but differ among species or species groups. More treatments
were used during grow-out operations for marine fish, carp, pangasius and
tilapia; more treatments were applied during hatchery operations in shrimp and
trout; and in both grow-out and hatchery phases of salmon. These observations
can guide in drawing health management strategies aimed at the proper use of
veterinary medicines during the different aquaculture production phases.
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6.The mos